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SnNb,O 40 3% & B0 & B B 3 i 98 7 B2 B R
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(VOZH T REFIERE, PI4 710048)

FEE KN & T BT A SaNb,Og 40K H IR 7, A X AT 4 (XRD) | 6B B ilss
(SEM) Fil Lt 22 18 B R FLAR 43 1 55 T BOW FLES A I SAEAT T RAE. DASE =AM TR 28 b2k b sl v B ]
BT, S2EAT T 52 R R S0 | MR Bl ) 4 S0 0 I A TR B S2 55, #RFET SnNb, O X3k J5L i B 1 W B 2 i R
FALEE. SCEGZESREH , SnNb, O, W EA R RIESR, ERAARHE RIS, LRI 52. 89 m*/g. W
TR | WEFAREE | WV pHL {1 B WL I Bsf (V) 357 5% 2 o S5 — g 5 el P 1) 56 30 W 5 ot 288 7T LA 453 B 5
Freundlich 772, H.30 7724 525055000 7T LU e sl 7 2y B A, b ey B0k 2l 20 B8, 78 35 C
T, WA R 0.09 g, $EHIA pH (0 6. 02 B, WZHH 30 min BUATIA BIBAFRCR , GRS sk G010 2 0 R o
ZBRFEN 93. 1%.
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FREFRV AR A, rp i M e e VR TR BT A 28 9 Rt (R 2 pl A ) SR ] 5 1 356 ek i R A i ) 22 57
K, [RIEHEH A Aot B R E A N Em IR, T2 R, feREMR K. Wik,
o B AR — Tl ] % T BRI T R R AR, I AT T KR R ST R A R B S B R AR WAL R
KRR A MR R B BT, R s T e

SnNb,O, 2 —ME G EEEMY), BT C2/¢ PRl ER, Hrh, Nb JEF0i Ty, 6 4 0 i+ R T
R NbO J/NIHEA 5 Sn 07 THEAATIS , 4 4> O JEF 0 TARAR T L[ SnO, ] PUHHE, O i+ 5
[NbO, 13, TERUZREEH " . BT SnNb, Oy AR M fMas 18] LR A, HALEA ity s),
AT RERL R ELA I KW R BE A R R L. ARSI S K BGE 2 T SnNb, O KA KL, LBV 2N
W BFFIT , B9 T IR A AR A XHZ A Ak IR B BB 0 BT 5 X By g 2 S 60 5 5 R R O 52 36 50l 1 4 740
BT, W1 T 2%k B W AL

1 SLIGERSY

1.1 AH SR
TKERAT) | A ToK LRERE K R o Al W T AR A SR A ] IR

Wk HPT: 2019-01-04. W15 H B H 38 ;. 2019-06-04.
AW H ., ERARRB2EIRS (HES . 21706207) FEB).
BRI B0, 2o, W, B30, BRI RL ) A BFSE. E-mail; zhaojie_1999@ xaut.edu.cn



1122 HEFRELFEFR Vol.40

EFRUER AT Sigma-Aldrich 28 7] ; SEK K AN R B FK.

VEGA-3-SDH AU 4 i, 7 {5 685 (SEM , $# 5% TESCAN /A 7] ) 3 JW-BK122W #5245 Z W FHY (b5t
Kt AR R AR ) 3 XRD-7000s % X AT S (XRD, HASHA ) ; UV-2102PC 4
HP-RT WA T (UV-Vis, LI ILeMERA R F]) 3 KYC-100B #75 SfE iR 47 PR (1164 35 52 50
WARABRAR).

1.2 WMHFIRH&E

R FK I 1 4% SnNb, O, WERfE57] . =T, B 1. 25 mmol ) SnCl, - 2H,0 ¥ T 20 mL 7&K
o, BEFE 20 ming [AIEE, B 2.5 mmol i NbCl, ¥ f#7E 20 mL Jo/K 2B, $EFE 20 min. $# NbCI, AR
PR N 18T A SnCL, WP, FBE 0500 25% ~28% 1) NH, - H,0 P87 pH {50 3; & T 100 mL /K
PN 2T, F 200 CRIV 12 h, RN SESSE ARIREN, LUk, TS, 521774 SnaNb, 0.

1.3 WRPHSCLE

#—E 1Y SnNb,O¢ A E] 50 mL 8 mg/L IR BT, %< SaNb, 0, e | AP B IHFW
R pH (EL, W BB RN BRI (R X 3 R v L R B SR g s S8 ey, DX J2 V WAE 282 nm AR T
WOGRE, I R ME 3 (n, %) FIWEFH it g,(mg/g) ™

cy —¢C

e

n = x 100% (1)

¢y —c¢,)V
qu (2)

o (mg/L) RS IIWIERHR L ; ¢, (mg/L) FAE a8 BRI A 5 m(g) 4 SnNb, O¢ HYHASIN
e VORIRIRU IR AT (L) 5 ¢, (mg/L) 2 o IR 220 il B4 W BTG E.

2 GRS

2.1 WREHFIBFRAE

Kl 1 24 SnNb, O, ZKAH KLY XRD 15 K], #5H 5 5 R SnNb,O¢ #Y AR HEAT 57115 5] JCPDS No. 84-
1810 HEATXF b &, 20 Jy 24.77°, 28.81°, 29.07°, 31.38°, 32.19°, 36.83°, 49.14°, 54.22°,
54.60°, 61. 65°F1 65. 60° “FAL AT T4 S5 AR eI I BEAS—3, ATl 45 #9 SnNb, O, WS e LRt
i 2R A, S a=1.7093 nm, 5=0.4877 nm, ¢=0.5558 nm, a=90.0°, 8=90.85°, y=90.0°.
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Fig.1 XRD patterns of SnNb,O,

SnNb, O HJF-HPRIAEARHE 2R (Scherrer) 2020 I 415 3]
kA
b= BcosH (3)
b D kiR kR, 4 B MRS (FWHM) B £=0.89; A ARTHHERIE K 0(°) I hiAkfiT
S, B3 (3) AR SnNb, O, 49 KAF RT3 ik R ) D=10. 0 nm.
& 2 4 SnNb,O, 4K H# KL SEM FE . 7] UL, SnNb,O, J& H 49K B 41 i i e BRAR A, X /& H

SnNb,O¢ F BHE5H KA B P17 NbOg /NTHHA)Z A SnO, J2 BT iy, Haiks5Fan i 3 fizs. Li 5
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Fig.2 SEM images of SnNb,O, with different magnifications
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VR A B 5 53, AR T W R T 4 3 T I S o
i Nano Measurer 1.2 #{FXHE 2(B) H SnNb, O
QoK TR G, KIRARE S TE LA K 2
JUCK Z 18], JEEEAF 10~30 nm Z 8], K258
55 Scherrer AR ZE LA R K25, 7l HEE
H1 T Scherrer 23 ZUANE T T 94 K RUEE i RLAR 153
i SEM Hi T 22 it A A3 3% 1 5% i) WL B H A Fig.3 Crystal structure of SnNb,O,
PRSI R P, DT 32 s P 2 a0 1 22

Pl 4 2 SnNb, O MR T30 0 2200 B -t B AU 2. Fh I 4TI, 2 p/py<0. 1 I 2y — Bedse ey
ETE, HEARIALRI s 2 p/p,>0. 17 B IR AT IZ, M ALAATBA, HAEX — Kb 7540
ERERA M LT Y p/p,=0. 98 B, RUFRIZREE TR, 7R AHXT ) DX A IR 1k
B, XATRRE T AR R AR e AL, SETTAR S DR B T 25 1RV AN R, fE
p/Po=0. 17~0. 98 i [F PR B R0 A2, Tl A8k, B2 F081 SnNb, O, W 551 IS T IV BUAF IR LR,
AL ATRL, AR W R R H3 BURHIZE, 5260 R RIRDE W) &, I BAER S AR 71X
SRV AT FEH R AT DA I B AR RS SR, SR AT BET 315453 SnNb, O, (9 HL R I RLA

52.89 m*/g.
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Fig.4 N, adsorption-desorption isotherms of Fig.5 Pore size distribution of SnNb,O, obtained
SnNb, O, nanoplates from N, adsorption data

&5 A SnNb, O, MBI FFLAR A I, Fr L S T A5 BIH B B BLEFLIAEIN 0. 26 em’/g, BIH i
B 244L12 R 4. 97 nm, Fe W] JLFLAE R 2. 21 nm. AT UL, SnNb, O ZALRE/ING A FLI BB L. 7E—
BiFad R, L AR 15 G B B RN, AR AL ST/ IRBH 3 BOE R R w18 KFLGS
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2.2 ERBF A2 xHE g 2 0 R R0

6 7t TR EE A 35 °C, AR B EES 8 mg/L, R 50 mL, WEFFHIS ] 25 30 min
B, SnNb, O, 44K i IR A G VD S W AR A 52 . ] DL, ZER AN 0. 03 ¢ 3% 0. 09 ¢ (i 2,
W BOE 2 R T4 W 4, FH 47, 9% BT R F 93. 1% 5 22 5 W BR300 FH 2 4k 2 185 i % B 2% L P AR . 5
AIRESEH THE 0.03~0. 09 g v P, B W B 550 P o 38, VR B P 4687 1) 1 1) RS )y, 0 F 23 o P 4 1)
SEANTSE R, MR T 0.09 g J&, dE—2DERTHH, WIS GCRRE, th 93. 1% FREE291. 9%,
BB IS P88 T S 10 8 28 SR SRR, ke 0 S5 458 o O BR300 i T s 44 e W R 3, [ g 3 g A R 5] i A=
HI%, %M T SnNb,O, HIWL IR, ik, ffErY SnNb,O, 4 0. 09 ¢.
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Fig.6 Effect of SnNb,O, dosage on the Fig.7 Effect of solution temperature on the

adsorption of danofloxacin adsorption of danofloxacin

2.3 A% pH EXHEED B R R T

FHER R AV A AN TR TR RV A WY pH AE, TR B R BEVS W pH (A AR &l 8 Fiiw. 1l
UL, W pH =2 B, WZRRAUAT 60. 8% ; VT pH=4 I}, WLl T4 m = 68. 4% ; 124 pH=6 A, WEHl%R
iBE]93. 1% ; 4L pH {E, BRI E T, ¥ pH=10 B}, W3k 5] 93. 9%. 25 I, Wt
R pH (R T TTES, JR7E pH=6 J5#a TAa . HEM R T pH 8N, WA KENEE T, 5
TRV BESE A BT mt, 0550 A7 s Bk S B8 v R, 55 T MR B R R TR B A T R R AR
M FBORBE R, HE, T2k % ik Fs s 2 R A1 G pH E(pH=6.02).
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Fig.8 Effect of pH on danofloxacin adsorption by Fig.9 Effect of time on danofloxacin adsorption by
SnNb, O, nanoplates SnNb, O, nanoplates

2.4 TR BB 1) 3ok g b B R B ER 9 B i

P25 2.2 AR SEI A5 PE T, IR R )% 38 0 L I B 22 g 52 G ] 9 R, 7E 10~ 30 min 3
A B 3 P, WRET 30 min ISP RRF R B, TR FI] 93. 1% 5 ARSEIEA IS [] , IR B SRBEAC PR AN S,
PRI, e AR BB ] 47 30 min.
2.5 WEzh =

g3l A — 3l 01 2 5 BRI 98l 2 0y B AT 8 1 S SE I B AL SR, P —2 Bl i
7 3 B AN REIAR SE B R B R, (OGS A HEIRRT 20~30 min AR T, Wi st g R TR
115 R R o ek 3 a7 S Ak 2 W B R ), R I R 8 0 Al 2 W B LB B 4 >, L jsh fi 2 i
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dqg

dftt=kz(qe—q,)2 (4)
X2 (4) AT E]
13 1 1
L . 5
4, kyq’ qet (3)

A e(min) HWBEFE] 5 £,(g - mg™ « min™") N TR HERE R ¢,(mg/g) At B %] SnNb,Og ik
TV B 5 g, (mg/g) Sk SR BT 7 R Fr W B .y A e ) O AR R A K, T D S R
RPN, ke, AU B Rl > LA A ph e an &l 10 B, BIA B R R 1/q,=0. 75551+
0.23079:, FHXFREL R*=0.9964, Il— s Ji2¢ P ALE M E R E(R?=0.9382) B &, W UL SnNb, O,
X IR GRS B W YA A AU R sh 1 F R, U SnNb, O, 5k VD B 4r T 2 A Bk i R ELAE A
BIWiE Z [0 P L i PR LS, — i DU I8 IRt T b A Y L sl i — A
15 g i E ARk, =0. 0705 g - mg™' - min", FAFFHE ¢, =4. 33 mg/g.

25 2.0
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Fig.10 Pseudo-second order Kkinetic curve of Fig.11 Adsorption curve of danofloxacin fitted
danofloxacin adsorption by Freundlich equation

2.6 WHERLZ
735 CF, 3B HIHE R 2, 4,6, 8, 10 Fl 12 mg/L K EERAS 50 mL, (145N ERTH
BIHINA 0. 09 g W B 57 A7 W BRE 52 56, 75 3810 A BT 6 Btk gt v 2 Wk 3 AR A il 4. it 3k b B vk ) 3
K, KU ETE SnNb,O, - 1% W B S5t 51 2% 384, Bl 5 9 /1. X6 W B 2598 43 530 4 Langmuir 5
Freundlich W ffF A THIG . LA EE R LI, MRS B AFF A Langmuir 782, 1A Freundlich
T RRAUA A R BOI . Freundlich SRR AN
q, = Kpe” (6)
= (6) A LML
Ing, = InK, + %lnce (7)

K(7)FRM, Ing, T Inc, WEMER R, H g (mg/g) W5 o (mg/L) N FHHREE; K. oK
Freundlich W FFF3 %80 n W HBE L. SUA -hZR QIR 11 s, MICREL R =0. 9181, A ANZIS P84T &
Freundlich W FfEERY. Freundlich 77 2 2 748 1 M VR 1A 3 1 WO o 381 AR R i 1 22 30 A X, M n=1 B,
W AR S UREE TE OG5 Y 1/n< ] B IE R BT 24 1/n> 1 B Bl ) 0 B pl 400G 5 SR AT
SnNb, O ¢ X 3K FU> B AL B R A 1 S W R, WA A 5500 25 T8 A 7 176 4k W 57 50, ] s JEL A B ] 2 BR800
BRI 2 54 R i L X 8 14 B 2 T B
2.7 WRBHLIE

HE RS R AE LT 3 ANRBE: HE, M TRIE R, W HCh 8941 e O [ 2008
RGP, RN BE R s U, MR BRI 0% 23 i s ATRHR T B FLZ5 A8, MARRTIY HCzE k),
HNWNYHGS R BeJn, Jr AR RIS W AR 2 AR, T T R R PR, Ay P T R A
PR XA R = R R AR N B R, Il Weber-Morris 2R IEATIIG, 7
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(e I O

q, =k 1" +C (8)
A Bk [mg « (g- min'?) ™ AN HEREEG C W RBEREFIL R Z M EEG ¢ (min) K
BB g, (mg/g) o BP0 AW RE 5. DA g X ¢ PAERMEA G, 143 b B C BOMH. A5 00E M 2 i
B W Ao B 0 0 PRI 5 A O 2 DR U B R o O R LR L 224
B k,=0.1417 mg/(g + min'"?) , HAUA WA IR, 15 SnNb, O, 4K X 35 VD A2 1Y Wz
i FEP PO HL. SaNb, O J& R FLATRL, AR B R b 2 WIS 9 e o 4k, I Ho
TR ZIE RGN, 731 nE o FLA M i o8 N I B AR TR R ST e R 2R UK B T, MR IR RS
BRSBTS R IR E A, B RS, R s e R I B R Y R R

3 & i

R HIZK I 55 T SnNb, O 9K R FLI BRI R i HLAG B 00 J2 R 08 30 BB /N A FLES
IERA KRB | HRTRRHFI BB m A, B—MaR, BN -&rE. #1451 SnNb,O,
W2 T 350 363 35 7 B A e R BRE R TEIREE R 35 °C, TAMR pH=6. 02 Z51F T, #5401 0.09 g () SnNb,O,
W RFF3), 30 min B AT K200 B4, MR K 93. 1%, W SnNb, O, W R 5 AT FH 308 38010 B2 1 W 2
FR. SnNb, O, 442K X5 ik i vD B i W B 4ok B BEAR T Freundlich W RNHFRLAE, 20 )2 #2 mT DAE AL — 4%
BN RS WA Ry R B ok R 1 SR AL
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Synthesis of SnNb,O, Nanoplates and Its Application for
Danofloxacin Adsorption’

ZHAO Jie" , SONG Qiang, GUO Xiao, WU Fei, TIAN Haochuan, LU Zhaowei
(School of Science, Xi’ an University of Technology, Xi’ an 710048, China)

Abstract A novel SnNb,O, nano-adsorbent was prepared wvia hydrothermal method. The structure and
morphology of the sample were characterized by X-ray powder diffraction ( XRD ), scanning electron
microscopy (SEM) and Brunauer-Emmett-Teller( BET) techniques. Danofloxacin, as one of the third genera-
tion of quinolone antibiotics, was used as the adsorption target. The influencing factors experiment, adsorption
kinetics experiment and isothermal adsorption experiment were designed to investigate the adsorption
performance and adsorption mechanism of SnNb,O, adsorbent. The results showed that the SnNb,O, adsorbent
has a layered monoclinic phase crystal structure with a specific surface area of 52. 89 m>/g. In addition, the
amount of adsorbent, adsorption temperature, pH value and adsorption time all have an effect on the
adsorption efficiency. The adsorption process conforms to the Freundlich equation at 35 °C and the adsorption
kinetics meets the Pseudo-second-order kinetic equation, suggesting liquid film diffusion is dominant factor in
adsorption process. At optimal conditions of 35 °C and pH=6.02 with the dosage of 0.09 g, the adsorption
efficiency is up to 93. 1% in 30 min.

Keywords Adsorbent; SnNb,O,; Nanoplates; Danofloxacin
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