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D/MAX-IIC B4 A 8l X GFEATHH ( A A% /A 7] ) , TecnaiG2 F30S-Twin 7Y 375 5 B I S 5% ( fif
= Philips-FEI 23] ) ,7300 BUPRSFE i 5 11 ( 528 Lakeshore 23 H] ) , Tensor27 BULT AR HEAN (2 E A -
SO HE]) , BIOOPlus RUEOGRL LAY (36 F A & va i SUUAR A R ) , UV-2450 BYGHb-AT UL A0t FETH( H A
By A ), UV-765 BYEAHP-A] L2066 BE T (i R 2= A R A W] ) , BL-GHX-V S Ak~ J g
1% Zn(CH,CO0), -2H,0 (R HE T R AL 2= A R A F] L 434 46) , NH, - Hy O (791 v5 Bl Ak T4 PR 2
Al ,53Hral) ,FeCly -6H,0, FeCl, -4 H, 0 (KRR RALAR A B2 |, 20414l , PEG4000 (7Rt e fb 2
J7) VAR ERRR B R RN ) R (e aUERSRAE A BR A\, USP 9%, 528 K A KB FK .

1.2 443 Fe, 0,104 &

K FEIE L B WGk Fey O, 0K, 43 HIFREL 1. 2 g FeCl; -6H,0 55 0.45 g FeCl, -4H,0 , fK UK %
fif#T 6 mL¥REE A 1 mol/L R R 75 3 B 4k (IR 5 WK, H1 50 mL PEG-4000 7K 7% ( PEG-4000 F &
1.0 ) FikE, BLE 50 mL(5% , RT3 ZKETE INA B S AR R P, 05 WG A0 o B 1)
iFE 1 h 515 BIREYE Fe, O, 90K M+, B0 40 B 5 7 K Uk (B4 3 IR TE LS TRAR N 80 CHET, LU
%M.

1.3 #1% Fe,0,/Zn0 5t B H #l &

FRECO0. 16 g Fe, O, F 130 mL ZBF /K, #7540 H 30 min 556545 % 40 CHEIEKEI T, Bt
T IMA—E W R Zn( CH,CO0) , -2H,0 IF I, HHFEEREHE 15 min {f Zn® " RAELE Fe, O, KM, i &
RRLL 5% ZK 20 mL B AA Fe, 0,5 Zn(CH,C00), -2H,0 RIR-GE T, Rl inse B4 f5 S 1 h,
By B BN L RE O TTHE , K PE R VESS 3 UG B T 80°C B E 25 T4k, P21 'E T 500 C TR b rp 48k
2 h, FHE#HZE K 5 °C/min,

1.4 LT

Xf TC .DC 1 TOC X 3 Fii Az R R AR S 36 A A2 SO A P b AT, i FE TR 300 W AULT o 76
JEHEAL RN HT, A ST 0. 025 g AR5 T4 4 e B2 oy 20 mg/L 1) 3 F DU R RS, i AR R
50 mL, AN TR, B F A1) B AR B A AR 30 min DIGE BV . FT T
J& , BB — B[R] 4 L FEIRGIEA T R S0 A B IS WA N AE 3 AT AR 2R RIS K A R 55
bR A3 HEHEEE ST I  HEE

HFrYIRE iR X B3 ik

€ — €
X = x 100%

Co

S o WU ZHIEHE ¢, H ¢ I 250 2
2 #ZR5vHe

2.1 XRD 447

AL XRD FHHHT Fe, 0,5 Zn0 (131 Fe, O, BE bHRHIAT SRS AT 11 1 24 Fe, O, AR [ vk e
(1) Zn®* {7 Fe, O, %7E 2581 XRD A5l B 1 354k a hy Fe, 0, 1) XRD & &, 44 JCPDS + No. 79-
0417 , [ v BT (AT ST e 1) S5 hR U Fe, O, A i DT IR — 3, 18 1 %4k b rh[a]ist t B0 Fe, O, 1A St , DA K
5 JCPDS K No. 80-0057 HIPLFLHY ZnO (4741 , VIRV Zn®* (0.5 mol/L) 7E Fe, 0, R AT ZnO,
T ZnO f9 45 it B AR LR RE it 203 b o AT R R 58 @ 61 Fe, O, B Zn”" LI K&
1.0 mol/L, Il 1 ¥4k ¢ th Fe, O, IATHFIAIIN 2 , ZnO FORFHTIEIETIJRBE , F I SEAAS , o th B 3 25
FE S Zn0, X TRTHHEL b F ¢, B T Fe, O, TS T7 BiAH LA M ZnO B75 77 i Al , 13X —BE Ui
W2k Y ZnO FES5H fhR R K2 A ek, B R & SR i s am s B g
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Fig.1 XRD patterns of Fe; O, and Fe; 0,/Zn0O core-
shell heterostructures

a.Fey0,3b. Fe; 0,/7n0 (0.5 mol/L Zn>* ) ; c. Fey 0,/Zn0

Transmittance

3448
4000 3000 2000 1000
g/cm™!

El2 Fe,0,(a).Fe,0,/Zn0(0.5 mol/L Zn** (b) F
0.1 mol/L Zn** (¢) ) ILLAMEIE &
Fig.2 IR spectra of Fe,0,(a), Fe,0,/Zn0(0.5 mol/L
Zn** (b) and 0.1 mol/L Zn** (¢))

(1.0 mol/L Zn?*)

2.2 IR &

2 2 Fe, 0, 5 R[] Zn® " W& LAY Fey 0,/Zn0 Bise b RHNLT AMEIE R o P2 52k @ 13448 cm ™'
P TR WA T UL i A TR AR Fey O, FR T K 43T O—H 4R 4R 3N, 1631 em ™ YIS I Ky 7K 43 F O—H
(25 IR S) , R E 582 em ™ HUBL T i Fe—O BEAYIHAEIREH L1 Fe O FRARIE" . [ 2 152k b
551 1483 em ™' HBL T ZnO FyW i BLHHTE Fe, 0,/Zn0 #Fe 4, Zn0 B 2N L ETE Fe, 0,1
PN, IR Zn WS 1.0 mol/L B, 41l 2§54k ¢ Hh ZnO AYAFAEM I AE 551 em ™" b B 145 . 1
Fe,0,/Zn0 7545 M LT AN B b, 75 3448 H1 1631 em ™' BRI bty BL T R RE 4 W i e , 13 W 7
Fe,0,/Zn0 %5545 F 2 M IE 1T FREE /K 7E IR 2 154k a b T e 1, 1114 em ™' YIS T 1T &
Fe, O, [ fF 45k .
2.3 BRI

M 3A v LUE R SETTTE A TR Fey O, £ R AT 177 PEG4000 fERT T 2HuR, /b by, bidz
KANFEL0 ~ 15 nm, Y—EWREEHY Zn® " IG5 18 Fey O, F T , FERRAE A5 4FF A2 AR Zn(OH) , 2853 1B
PEJIERL T Zn0 52454, 76 TEM [ 3B 1 LLE 3], Fey O, 4% B T HAT 5K ¥ 5SS HE (5S4t B ) i 2 2
{5, Zn0 7N AR YK 0, 7618 3D KRBT I rPtu AT IE 52 Fey O, 1A Zn JC & MIFFETE; RN BE% Zn” " 3k
JE BRI ZnO FELEH AR BG4 Zn® " i AR 0.5 mol/L i}, i] AT F 45 Zn0 J5 HUR ™)
BARI B, RSFTE 1S ~20 nm, iy FRF R0t A AT 1) o 4ESE30 Zn® " WS 1. 0 mol/L I, it
L Zn’ T LB SRR ) Fey0,/Zn0 Bi5E45H b, X e BAE (KW Zn (OH) , A0 , 48052 IS e 208 R 4
/N5 Fey 0,/ Zn0 ALETE BUE KR 9 R SFAE 100 nm 1 Fe; 0,/Zn0 415 45K 11K 3C iR
X% AT 19 Fey 0,/Zn0 HEATRENE 20 Mt i A5 BRI R 192518 , 24 Zn® ¥kJE 4 0. 5 mol/L i, K4 Fe,0,
BALELE Zn0 52N, WA FR A 78 2 HE MR AE N Fe, O, 4475, I AEREIG K HhAG /i Fe B 2
Zn* " YRHEEE 1.0 mol/L i}, W& 3E fif/R, Fey O, Lh KA LEHY Fey 0,/Zn0 545 W B Zn®" B 36 , X B
Fe, 0, EEAFE TABL M, INTIRIE Y Fe (95 AR/
2.4 Z4M-ATIL(UV-Vis) i8R STR UL 4 47

4 TR T4 R IR RIRE SL 7E 200 ~ 800 nm i BE 1 8 4011 WL (UV-Vis ) 18 S ot . & 4
2R a S ZnO 7822 H0-1] WG B G I , ZnO 7 400 nm Fii G AR R M6 RIS RE f . 72 4 3528 b
1, Fey0,/Zn0 BMIOERE & A T B B AL RS , Sl 1 AT 15 %) 500 nm , BB AE Fe, O, 1 TTBUE K
[ ZnO L7 2 BB I 400 ~ 500 nm (A UL HFE AT IA 258 Fey O,/ Zn0 AZ5e S5 i A8 1 B4 43 1 1
J5, T Zn0 B EAAE 280 (a = b = 0. 32498 nm, ¢ =0.52066 nm ) /NF Fe, O, () fatE S8 (a=b=c =
0. 8384 nm) , A% ] ) fi % 22 S AG A% W 55 3% 187 3 455 11 58 400 I 2 o A R 2% 3k — 7 A8 30 07 Fre X
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#3 Fe,0,(A) .Fe,0,/Zn0(0.5 mol/L Zn** ) (B) Fl Fe,0,/Zn0O (1.0 mol/L Zn** ) (C) i TEM [& )% Fe,0,/
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Fig.3 TEM images of Fe,0,(A), Fe,0,/Zn0(0.5 mol/L Zn’* (B), 1.0 mol/L Zn’* (C)) and EDX patterns of

Fe,0,/Zn0(0.5 mol/L Zn’* (D) and 1.0 mol/L Zn’* (E))

AE I BRAYLLAS 5 2 Zn® " MORMEZ IS (AP 4 35 ¢ FT7R) , Zn0 15 Fe, O, 1 AL O B0 , S48 T e
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Fig.5 Magnetization curves of Fe; 0, (a), Fe;0,/

K4 7ZnO(a).Fe,0,/Zn0 (0.5 mol/L Zn** (b) Fl

1.0 mol/L Zn** (¢) ) {58 5h il UL 18 S S i i
Fig.4 UV-Vis diffuse reflection absorption spectra of

Zn0(a), Fe, 0,/Zn0 (0. 5 mol/L Zn** (b) and
1.0 mol/L Zn** (¢))

ZnO core-shell heterostructures ( b) and image of

sample in external magnet(c)

2.5 VSM &#f
K5 P a F1 b TR T Fes O, 44KK 5 A Fe; 0,/Zn0 BFehHRHBE T PE BT, 76 WML AF T,
Fe; O, 24 KA 1M ARG AR (M) g 154.32 A-m’/kg, Fe;0,/Zn0 WM FIREHE (M,) 2}y 46.89 A-m’/kg,
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Fe, O, 40K F 15 Fe, 0,/ Zn0 B5ERH /R TARIR B ERIEAT I '™ o 1 T7E Fey O, 99K T4 1 40 7
T —JZ Zn0,Fe;0,/Zn0 FFc 5 AR ABE R W] AR T Fey O, KK T, X — 45 R Zn0 B i1
Ve, O, 20 RKL 1R i R HAERE T IR AZ AL th TR FE S5 Fey O, SRR, Fe; 0,/Zn0 &
B AESMEG T N ARG 5 o0 R, 18] S¢ TR ICHEILIERR PUR 25 1 Fey 0,/ ZnO FEAME AT
PO BB E . B AT USRI B 5, Fe; 0,/ Zn0 SEHEILFIFE SN #3476 FI R RERE AT A 2L
W51, AT B s G AL R A [ AR TR

2.6 XUIRREMERNEMBIT

2.6.1 KRR Zn*" AE Y Fe,0,/Zn0 s smFk ey Mg A7 [ 6A h L TC Sy FARY , 16 H e R M i
K 356 nm AbFH G T ARFWREEY Zn® " 43 Fe; 0,/Zn0 BEEA D HBEARACR (9 #0024 Zn® " IR BERAR
(0.1 mol/L) i}, (B 7E Fe; 0, EH ZnO &8/, fE 0] WG T Fe; 0,/Zn0 B5eHROGAEILRE 8055 , &
i 3 h BT ALRERE DU IF K A 69% s B Zn” " WRIE AR % 0. 5 mol/L, ZnO A 1 K Al K %
(] WO, Fes 0,/ Zn0 X6 PUIRE [ FFAFEIR B 85% o 47 ML ARSEIN K Zn® " VR B TE it 211 ZnO 4
BAEC IR/ NRARH) Fey0,/Zn0 #Z5edPR b TR IMURSTAE 100 nm (9 AR X RERZ 545 H 19 LU AR THI
LB R ) L 28 N FARVR BE () Fe, 0,/Zn0, BRI, Zn®* i JBE o KON % H 490 1y 052 B LA 8055 o 2%
RS R CHEALTG P o 18] 6B S LA DC SRR, 16 e RIS 267 nm Ab#E4T W6 1L, ] TC
A, RIFIRBE( Zn® " (1) Fe; 0,/ Zn0 ISR AR i B2 A 45 AH ] (¥ 24, R4 Scheme 1t DC 43
i, Horp —OH BRI 9 A~ 2 5 TCHT ], 75 5 Fes O,/ ZnO K AR F BT, 7EZnO e 11 5y 92 1008 1F T 1
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Fig.6 Effects of the Fe,0,/Zn0 with different Zn>* concentration on the degradability of tetracycline hydrochloride
(A), doxycycline( B) and oxytetracycline hydrochloride( C)
c(Zn®>*)/(mol-L™"):a.0.1; 5.0.2; ¢.0.5; d.0.8; ¢. 1.0

Compound R, R, R, A e/ NN
Tetracycline (TC) H OH H 356
Doxycycline(DC) H H OH 267

Oxytetracycline ( OTC) H OH OH 280

Scheme 1 Chemical structures of the three tetracyclines used in this study
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BRI 24 Zn®t WREER 0.5 mol/L B ,3 h Y6 RS DC [ % %Al 35 5] 80% , 1M Zn** ¥4 1. 0 mol/L
B, KR M AR 2 78% o [ 6C AN Zn " MR EEHY Fe, 0,/Zn0 Bist bR OTC R, M Haf L
B %A YXE OTC MR R I 40 TC A1 DC BEAE, 24 Zn®* 25 0. 5 mol/L #) Fe;0,/Zn0 [ G
{UF 64% ,iX i T OTC By 435 h 4 TC F1 DC £Z——O0H (I, Scheme 1) , JLB} EE 5L 0] 5 T8 B 40
A YITE LA B FE ZnO B FE TR T B HEAL IR AR , %25 15 Jeong 26 X3k 3 Bl PUFF 2 5 ki 74
H A 1 OH -« 1) B v 38R — 30

2.6.2 Fe,0,/Zn0 M #MALe9 & A F 454 H 100

S5 Fe,0,/7n0 WHEAL I 175 iy, %o 11300 7 1 -
eI T A PS80, A — VOB AL I R 45 | 1 3rd
K Fe,0,/Zn0 1y B WAL BRI K BEBRIOME I S ol

RS A B IR, A DKV BB

753 0 B0, TRURTEHIFDE R LS B BRI T 3 )

92 YORMEALKEME F LRI BIRR RS 3 |

LA RN A R 7 iR Fey, 0,/7Zn0 X TC )

DC 955 2 IR 2 R Ff B BRI T 20% , (HEREff R 0 e
353504 61% Fi155% , FLJFEPIANAZAE ZnO {156k sample I
JeAE s E 2 R R TR, SR Fey 0,/Zn0 X o1C

OTC (5 FHZE 0 AR T 1 =2, Ho s A Gk 1 OTC

R AAEAR T S EVE R, B E AR T ZnO 6L RE 77, [RIBF s/ T %F OTC AW B o5, i 5
Fe;0,/ZnOM)E FIFRAEES 3 Y fdi FIALA 30% 24 .

3 45 ®
T AR RN R 2 3R, B L T BT AL FE A 1Y) Fey O,/ ZnO Z0KAPEL, I X5 M1 BH A 43 B30 DL K
PR G A R A 1 BB AN R FRAEH AR BEA TN o 45 SR 7R, Fey 0,/Zn0 $25e b4 B} S 4 T 45 44y, X

PUFFER 58 ) R R MARIR T8 % 3 R AE R H AR G HEALRE ST , N i pROG A A [l e % 35 52 )
FHE—FioE R A2 SO AL
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Synthesis of Magnetic Fe,0, /ZnO Core-shell
Materials and Its Degradability on Tetracycline Antibiotic

YE Linjing, GUAN Weisheng® , SONG Younan, YANG Li
( Environmental Science and Engineering College ,Chang'an University ,Xi'an 710064 , China )

Abstract Magnetic Fe;0,/7Zn0 core-shell nano-materials were successfully prepared by using a two-step
procedure with coprecipitation and annealing treatment. The material composition, morphology and magnetic
properties were examined and verified by means of X-ray diffraction ( XRD ), infrared spectroscopy (IR),
transmission electron microscopy ( TEM ) and vibrating sample magnetometer ( VSM ). The photocatalytic
degradation activity of the compound in the sunlight was evaluated by xenon lamp irradiating on tetracycline
(TC), doxycycline(DC) and oxytetracycline( OTC) , three tetracycline antibiotics, and the best performance
of photocatalytic degradation activity was tailored by the concentration of zinc precursor. The results show that
ZnO coated on the surface of Fe,0, gradually forms 100 nm conical structure with increasing Zn>* concentration.
When Zn>* concentration is 0.5 mol/L, the max degradation rate of TC, DC and OTC antibiotics is 85% ,
78% and 64% , respectively. On the basis of the above points, the synthesized magnetic Fe,0,/Zn0O core-
shell materials can be used for water antibiotics removal, and it will be a new composite photocatalyst with
high catalytic activity and recover ability.
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