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Abstract

To address issues such as severe ZnFez04 aggregation, low specific surface area, and weak catalytic
capacity, ZnFez04 was loaded onto Sepiolite using the hydrothermal method to prepare ZnFe20+@Se-
piolite composite materials, which were then used in experiments for the degradation of tetracy-
cline (TCH) wastewater using persulfate (PMS). XRD, SEM, XPS, and BET techniques were employed
to characterize ZnFe:0:@Sepiolite. The results show that ZnFe:04 was successfully and uniformly
loaded onto the surface of Sepiolite fibers, with the specific surface area of the composite material
increasing by 20% compared to pure ZnFez04. Catalytic performance tests indicate that ZnFe20.@Se-
piolite has the highest degradation efficiency for TCH at pH = 9 (90.67%), which is 21.44% higher
than that of pure ZnFe204. Additionally, co-ionic experiments show that inorganic anions have little
effect on the catalytic performance of ZnFe:0+@Sepiolite, indicating that the ZnFe:04@Sepiolite cat-

alysthas good resistance to interference. Free radical quenching experiments reveal that '0zand O

play a primary role in the degradation of TCH. The introduction of Sepiolite not only provides the
composite catalyst with a large specific surface area and abundant active sites but also constructs
an efficient adsorption-catalytic enhancement system, significantly contributing to its catalytic per-
formance.
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FEREEDUERERST . Rk, BHOLEEE 2 U ABh 22, JUERTT RG] KI5 A AL
U, K ARSI LA NS R OR 1A ™ BB [1]-[3] - DUPAER P A& A A S BN A
€, GRS KA T, IR A R R TR, R BOR R AR B A LIS G T T
Ry Rk T 32 )2 RIE 4] Herh, W RRR R PR BRI L BA sk« AR E Ly . A (55
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PE, Fln. 1) BUREERI G ™ E, SEOLCRMIARREC, S ETE: 2) ZnFeO4 6 M5
TN B A A, BRI T e AL SR R TH10]-[138]. N T AR VX S ] B, T AT AT Sl A B
FAE M A ok vk fE, TG4 (Sepiolite) 1E f& — AN FHAR KRS . g A, VB v —FRb B AT sl sl
FEFIVE S AR ARRE L4, R (2 BRIR G5 M IR 7 Fo LR A . 8 A FLIR G54 DL 2 R 1 #AdR
58 VA SAR BRI RROAS, TEMEAG TSR I T BRI R JI[14]-[17]0 MR T- 4 WG MR IR « A1 SR S5 3K
M, AR 2 RS RER . HRERET, I TR ZnFepO4 A B CRAE M A0 5 1) [R] I 5 35 B
M EHRA . A TE B IEIR BRI AE N ZnFeoOus FA (AT 471 K FLAETEAL PMS B fFPTA 25 07 T 10 BRE
R

R, A SCRHBAAE A IINEN ZnFe04 3T M, @I K #IENS ZnFe,04 HEAIFIN A T HE
&, 133 E AR AL 7] ZnFe,0,@Sepiolite. A XRD. SEM. EDS. Ny Wt — i fiHll kA XPS 24
FEASKT AT AR RAE /3T, S80I R Gefie b 52 PR 2R 1 OB 34T ZnFe204@Sepiolite AL PEREIINR, HfE
TR AR A AR AR TR (AL P R B P 2R 2R

2. SEIGER4y
2.1 WA EREEE

i iR £ (PMS, KHSOs-0.5KHSO4-0.5K,SO04) il % PUFR 25 (TCH) I [ Bil 13 T k74 PR A = ([ 1
H)o JUKATHERE(Fe(NO3)3-9H,0) A . ERER(HCI). HEE(MeOH). #UT EE(TBA). X4 (p-BQ)-
BERE(FFA). BRERIN(Na2COs) iR HI(NazSOa) . R — S5 (KHoPOS) AL 88 (NaCl) Il B [H 25 A4t %
RAERAF . AEAAB(NaOH)F TG K 2Bl BT h T 5 PRA & (h E R et prf scies il %
BF/K(FBEZE > 182 MQ-cm). FrAWEF AN ITAI(AR), K& —Daifh BHATH .

X SFATHHAX(XRD, SmartLab SE, Rigaku, H 7). 14 H 7 2MEI(SEM, Zeiss Sigma 500, £&[E).
% S HL 7 A (TEM, Tecnai G2 F20, FEI, E[E). X 28 i 7 RE R4 (XPS, ESCALAB 250Xi, Thermo
Fisher Scientific, 3%[H). Brunauer-Emmett-Teller (BET) Lt 1fi £/ Hr{X (V-sorb 2800P, Gold APP, Hi[E)
FAHRENAE SR T (VSM, HH-20, FERtrE KAXAA IR A R], o). A Bk e i 40 - v L7000k
JEIH(UV-5100, £k, HE)TE 357 nm ARMS I VUIR 2R 5 o S NAR R A5 FH 7S TG 5 20 1 33 H sl 40 2 (00-
6B, &ixi &t HE)THRE, HEERKBH(HH-1, Bl R TICERHA R A,
b ) P AE R R IR . o B AR 100 mL VUG LJE(PTFE) N4 ORE55(YE-KH 100 mL, Ei#gsoii
LI AR A, FE). BHEEIEEROK-100, AIEARENEERAR, E). Hw e m A5
FER(WS-2A, LEifg RISV RHECA R AR, o E). B2 T4 (DZF-6050, gk 7k sl B A IR
AF], HE)F R E . AR SRR 5 SRS A L (AR . =) RS VR A AT IR

2.2. ZnFe,0,@Sepiolite BYHI &

Fri: 8 mmol Fe(NO3)39H,0. 3.6 mmol ZFREEFINLEM h, I 30 mL ZBS-17K, FHWL i H a4
HE 20 min EH AWM, JEIMANEREIEA, RS, BN 4 mol/L NaOH % pH =13, 4k4:
ke 30 min, KR EGIEBEIN IR O R N E, 5B TERA T 180°C 4 A4F F/KHS N 12 he @id
LT KAMT K CEEE R R PE, 138, 193] ZnFe,04@Sepiolite ¥ 5 -

2.3. ZnFe;0,@Sepiolite fE{LIT —FRER T PERRPUEA T

Fi 50 mg/L TCH ¥ B bRi5 44, HX 200 mL 3 INN 250 mL &pk b, 7618 3 H 3l 3 4 28 o 1 4
N, FEEAM N — & B ) ZnFe,0.@Sepiolite Ff 5i Al « PMS HE1T TCH BRARSZIG I 1T o BT PR AR SLEE
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Par B =0k, SERBUE 4 mL VAW, @i 0.22 pm g, 37 RI I ANAT L2606 B HHAE 357 nm
NIRRT O, AR HT 2R (Y = 0.0341 +0.03458X, R2=0.9998, Y: WG X WJE(mg/L))it R
W TCH MRS,  FHSRIe B o =K 5 LR~ F 34 .

AR, T T AT PMS RS VIRV pH A DLBH B8 A7 0T 4 A 1 52 e DA K% f4E 1 7]
A9 B4 I 1k 5 4 W R e 1« {3 MeOH . TBAL p-BQ Fl FFA 435Il A K 71 T Hid v K SO« *OH.
Oy 110z, #E—LHRT T4 FE G AN .

3. BR511ie
3.1. ZnFe,0,@Sepiolite L S RIES

1) SEM 3R

tH SEM & 1(a)~(d) T AFE B, Rl A BA WA SR L 4ELi M, 40d ZnFeOf fiEZ 5, JRADY
T AFYER T H BURDIR Y - ZnFe 04 8% 22 A RTE— 2, ZnFex04 1R & 3 SR Z M Abis
PRI RE R BEIE KIS, TR KA 4R A E R a A, B0 A 22K ZnFe04 “ 280”7 HIMER, W]
DA R i ZnFeoO4 HEfilK i AAERIAN DUR 2R ML 22 o AN, AR A Z A E ZnFe,04 HIME
F, DA sRf AR A AR e M, XU T — A IR - AL RR R 7 . [RIET R EDS BRI 1(e)~(i) S
PUE#E H Oy Siv Mg. Zn. Fe RIS ATENL L L], I ZnFeoOn BN 51 1 o0 A 16 1 1 4 it

Figure 1. (a) SEM image of long fiber sepiolite; (b)FA(c) SEM of ZnFe.04@Sepiolite; (d)~(i)
EDS-mapping of ZnFe20.@Sepiolite
[E 1. () K 455:8A SEM E; (b) and (c) ZnFe20:@Sepiolite SEM [&; (d)~(i) EDS &Eitt

2) XRD FT N2 W Bt - i i

R4 ZnFe,0.@Sepiolite ¥ XRD %] 2(a) i LLFE H, #4 1) ZnFe0.@Sepiolite 1 i 1] LA M i)
BN A RRIEVE, ZnFe 04 I 50 A1 G544 FIRFAE I RS I B 2, EBH ZnFe,04 BLTH 51 4R B i A7 27 4
by AR AR
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Figure 2. (a) XRD pattern of ZnFe20:@Sepiolite; (b) N2 adsorption desorption curve
[& 2. (a) ZnFe:04@Sepiolite XRD &; (b) N2 IR - Rt fif Lk

TR T PR B R TR AR RN AL B A L 2 5 e e A 790 ) B AT s R B 8 g, 3 Tk — 2B s Ak P R
AL, % ZnFe,04@Sepiolite £ b7 1 N2 W B — i B, Wiliakas B 271 2(b)), ZnFe.04@Sepiolite
FE RIS SR IV Y B A TR 2R AN H3 BY I 4R, HEoR | IXSSRE S AR EE N FLES ), B2 A FLES
AT DATS G iR B8 2 (S #e Bk 4%, D PMS B0E 15 GA i B R B AR B L B 22 i I BETE PR i, AT
R TERE . RYE BET BIR KR Mm%, ZnFe.0.@Sepiolite Ff i EL R AN 127.31 m?g, LR AR
Lt ZnFe 04 $i 151 20%, 13X 3 BRI AT 1 51 N 0] LS K A8 A 70 g B R T AR AN FL PSR AR

3) XPS Pk

N T ik E ZnFe.04@Sepiolite 1 5t AL B4, K XPS Xf ZnFe;0.@Sepiolite Ff i [ [Hifk,
SEORASHATRAL . XPS 414 3(a)i5 B IR ZnFe,0,@Sepiolite £ 44 F1F7E O. Si. Mg~ Zn Al Fe JG
. 4 3(b) O 1s FFfEIEAr T 526.6 eV 4b, it Avantage #fH A, W LK />y 526.6 eV i1 528.3 eV
AEFIPRAN UG, 43 06 B A% SR HoO P& IS g . Bl 3(c) Si2p il iR T Si Ak (1018 eV). #ikE
1% £5(102.7 eV)FIFH ML Si (103.6 eV)IFELE. 4] 3(d) Mg 1s Yol EoR 7 — /MERERR SR 4 &l . 18] 3(e) 4%
HHEAE 1021.1 eV 1 1044.3 eV 4bA W W (255 RElE, TR T~ Zn2p 3/2 F1 Zn2p 1/2 31, BIFESLH Zn Y
TUL Zn* I A E . 15 3(F) Fe 2p 45 & HE N 712.4 eV (Fe 2pal) Ml 725.2 eV (Fe 2pilo) i 0 Jz P2 g
(719.0 eV A1 733.1 V) Ny Fe3 il UL, 1IESL ZnFe 04 AR fi A1 45 FITE Tk o R R AL 028 - Fe3AE A PMIS
TEACITE TR 5, AL ARIR AL T Al 25 BATIR, XPS MIA4LE K ZnFe,04 BTN 1 2k B A1 4F
Yt b ZnFeO4 WURL SR AT Z AR R 740225, AR THEm S A MR gt fa e v .
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Figure 3. (a)~(f) XPS spectra of ZnFe204@Sepiolite
[& 3. (a)~(f) ZnFe20.@Sepiolite XPS &

3.2. ZnFe,0,@Sepiolite 4L M BE S 4T

1) ARERT TCH BEkE

TN FMR R TCH [P AR 2205 1 45 1) ZnFe,04@Sepiolite HIMEALIEREHEAT AT . 14 4(a) Rl 4(b)
FE7i, 5256 I 3% 60 min Ji& , B ZnFe,04@Sepiolite 1 PMS % TCH [ B4 #2431 4 18.23%F1 34.04%.
ERA AT KT, PMS X TCH [ B ZABRTELC, 1R AELE ZnFe,0.@Sepiolite 1 PMS 1]
RISARFR T, TCH HF AR T IAF] 63.57% (ZnFe204@Sepiolite = 0.1 g/L, PMS = 0.05 mmol, pH =7). X%
B ZnFe,0,@Sepiolite 7 LLA ZfiAL PMS, 3 HifR S HL A bRE /g, HEmide s TCH mIFEfR%.

2) AF ZnFe:0.@Sepiolite #1 PMS FHEXT TCH B %%

an ¥ 5(a) A1 5(b) BT 8, ZnFe.O4@Sepiolite 1) FH & X TCH MMM ESH — g, 4
ZnFe,04@Sepiolite 7 IIE: M 0.1 g/L #n% 0.3 g/L i, 60 min P TCH [IB#MR 25> 54 64.57%- 67.25%-
68.3%- 74.66%- 70.75%. [ % ZnFe,0,@Sepiolite F & 3N, TCH [ B#f# R Wi 1 1 - ZnFe,0,@Sepiolite
FEM 0.25 g/L i, TCH [IBEfEZR N 74.66%, FHIEINA EMABERIETIE IR X EEFRTHAHEE:
— 7T, B A AR N T e S EUBURL (1 L) AT L(c) BT, TR T A RIS AT s R
5 PMS/TCH (b IR, 5—J51H, EFE PMS WKRE T, MAFNETES S BCET R T, %
HMEAG TR TEIE A OS2 1) PMS 40 TA S D R . IR T2 BF IR0 A B, SR SRR 0.25 g/L
A ZnFe,0,@Sepiolite i 1F: & .
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Figure 4. (a) Comparison of TCH removal rates in different systems; (b) Corresponding reaction rate constant
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Figure 5. (a) & (b) Different ZnFe:0s@Sepiolite and (c) & (d) PMS dosage on TCH removal rate and corresponding reaction
rate constant

5. (2)5(b) I [E] ZnFe204@Sepiolite #1(c)5(d) MS FRE Xt TCH MIRRRR R R KR RIREE
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FIFEHE, SR FT PMS H S EA SRR, ¥t T — &% PMS [ &EXT TCH 3T R 5.
] 5(c) I 5(d) A, 24 PMS ¥ &y 0.5 mmol/L. 1.0 mmol/L. 1.5 mmol/L. 2.0 mmol/L. 2.5 mmol/L
i, 60 min N TCH [\ ARZ7> 5N 60.59%. 61.59%. 62.37%. 62.23%. 63.21%. Bf#E PMS F &1
B, TCH BIFEfRFMAEIZHR . (HHEE 1 mmol/L I, TCH MMM R IR THE 2R %% . X &R
TR R M EA R R IR : & PMS MU 2 5 HbRi5 456 45 H HEE (1 SO, , *OH), &
AR Q) R EROEFE; LT RERAE PMS 2 F IR B K R B 6k, =k EE PMS ] B85 804 W pH
AL B AR AR R PR, (RIS A AL R T R T I B PMS AT R DUEE = AR Je 4 SO, [V
b Rt e, a0 R X
SO; +HSO; — SO; +S0, +H" (1)

[R5 e B S PR S A, e B 3e e R BE SN 1 mmol/L A28 PMS H & .

3) REEHHIG pH Xt TCH KI&=BRR

anl 6(a) Al 6(b) B, TCH ¥ AN [RIFT 46 pH {H [ 225 ZnFe.04@Sepiolite (1) fHE A4 R 77 A2 52
7E pH = 3 B}, TCH IR 71.13%. BEE pH ERITHE, TCH MIFEMREM &, 16 pH =9 BIAH|
5 H(90.67%, 4 6(a)). XFf pH MMiME 3 ZIE T LR LA : 1) BRYESRME T (H<7), mikEER) H 2
R T4k PMS it 5 (-0-0-), JEK HoSO0s (pKa~9.4), X AN FEAK T PMS frI57 H itk s 1 B Xl ol e Ak 5]
AL A SO /eOH, (7 I S BR 1 PR 855t 1] it 5 5 ZnFepO, 35 3 15 B 3 T 4 3R 14028 5 2) ZnFe,04@Sepiolite
12 1] FL AT 52 pH 5200 (FF HL A7 24 pHpze e 51 FH), 7RI pH RERTH 7 IE L, 1fi TCH 4> (pKa~3.3,
7.7, 9.7)7E pH < 3.3 B FZLLH B FIEAAFAE, P [ BE L HE R J AR T TCH 7R AL 2R TH W &
£ 3) BUMESAF(pH > 7)EAFIT PMS it AF [t RIS A% (00 B 4 T HE RS B4R B 1O s Ak, T AR 7L
(A KA EPR SEIGIIESE 10, Al <O, & T EE DI F, X LA hrE R PE IS5 T 8 B AR e B 5 AR G
FERW, MM ZnFe0.@Sepiolite 7R % ) pH ¥ FBl(3~11) W R I R 4F b igE, JLIHAE
TP A GBI SR A (pH = Q)RR AR AL, 306 FLAL R SEBR/KAR GBS pH A 6~9) BA BRI L.
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Figure 6. (a) and (b) Initial pH and corresponding reaction rate constants of different solutions
6. (2)FA(b) NELARHIE pH X TCH BIZEPRZE & 3 R B R R R 2 3 #

4) EFEHBEFX TCH HEBRERBEK AL
e 7() M 7(b)FiR, fEH,PO, « SOF . CIAI COZ ML B T4 MIAFAERIE LR, TCH %
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BRER 4518 83.59%. 89.44%. 89.9%F190.12%, H,PO, fFAEHIENL T, TCH [ X% 4 % 83.50%, #
1 H,PO, X HEAL PRI AR A 1E — € HOFMH AR o SX ] 2R T BERR IR B 1 (H,PO, / HPOF™ )X i AL 77
RN PEAL AR K SE PRI B DA I 5530 200 PR 8 0 o (R 0l 2 < R A0 R B T 45 45 1 o i) R A
ST e . EAER M, BEFEAE 2mmol/L H,PO, , FAfF AN AFFE 83.59%, 1fii CI-. SO2 Fl COZ
RIS JU) SE /N (R e > 89%), X SRR T VF 22 408 (I BRJE BB 2 PMS (R A7 o 85 5 B B 58 T 8
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