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Abstract

In this study, cobalt doped magnetic zeolite (Co/Fe30:@Zeolite) magnetic catalyst was prepared by
high energy ball milling and used to activate peroxymonosulfate (PMS) to degrade tetracycline hy-
drochloride (TCH). The morphology and structure of Co/Fe30+@Zeolite composite catalyst were
tested by XRD, VSM, SEM and EDS. The results showed that Co/Fe304+ was uniformly coated on the
surface of Zeolite. Moreover, the catalyst has good magnetic properties and can be effectively sepa-
rated by magnets to facilitate recycling. The catalytic performance of Co/Fe30+@Zeolite composite
catalyst was evaluated by comparing different reaction systems, different PMS dosage, catalyst dos-
age, pH value, cycling experiment, coexistence anion experiment and free radical quenching exper-
iment. The results showed that when the addition of catalyst was 0.40 g/L, the addition of PMS was
2.0 mmol/L and pH was 7, the catalytic effect was the best, and the TCH removal rate of 50 mg/L

could reach 98.8%. The co-existing anions such as CO3~, SO?7, CI-and HPO?" in the solution

have little effect on the catalyst. After 5 cycles of experiments, the degradation rate of TCH can still
remain above 80%, indicating that the catalyst has good cyclic stability. Radical quenching experi-

ments show that 102, O, and SO, play aleading role in the degradation of TCH.
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AR, PR FHAR R MPUEER) Z R T B0k K37 ARG R =7 55,
SHOREPUE RN, X A FEAL 5™ H g [1]-[3]. EhERPUIA R (TCH) 2 — ML B ik bk
7, TP EAEZARL, S FRER, WEMERRE, BEREmg, B ANRI0ERK[4]-[6].
I, K R AR TR DU PR 2 11 25 B O RO ] A A5 P B AU i 75 A R (R Wl R R, A% G R A 3 7 3 n R B
SEHEAL R AE ML T8, AR ME R RO MR /K PR 255 TCH [6]-[9]. DAk, 36 47) 75 4 31—l 5 A5 2801 7 v
KB BR IR TCH W

A T 2 (AOP) & 22 W MEBE MR A ML B A AU 7k 22—, RN E AT AT DA A 45 ol a6 14 R i
AALRE 1 R N VI FI(ROS) [10]. Horb, I BRER 2k = 2 S L2 (AR-AOPS) (Rl HL A Ak Py« T PR R
LR R A 4 2 KE . KEMARY, JEESE &I SR ALY i iR i B A B s L ae
[11]-[14]. HEAth, Fe. Co %5 c# ML IE & JE S A TE IR AL B R B AR g R 35, 51 T T
IR [15]-[17] TR I e o e} R HE BAG 5 e (T e A R A8 T [l WSO FH S5 T 6 52 75 K

I, AWK T EREEREE L4 T ColFesO.@Zeolite WAL T, FH4HH T iE AL PMS & 2%
fif TCH. W50 7 PMS #hni . AL & WHWILE pH B 7B S 7S R ARG s m . It
HHAT 7 B B K SEIRHA SE T 1E ColFes0s@Zeolite + PMS [ %ifk % 22 TCH 1 R EEHYFh .
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2. SCUGER4Sy
2.1, AHISYEE

2R ERRRIYIA K (TCH), TR S (KHSOs-0.5KHS0,4-0.5K2504), VU4 =2k (Fes04), 757K
AR (Co(NOs)2-6H20), TE/K ZHE(CoHeO), E(FFA), HEE(MeOH), XIZ[R(p-BQ), # 1 Hi(TBA),
FEMNHI(NaOH), FHER(HCI), BRFRHH(NazSOs), WRIRHM(Na2COs), IR — A (KH2POs), FALEA(NaCI).
AR I B EER R T AR R A ] BT GGGR, BT E SEER I LB K.

I AT : HA T4 (DZF-6050, H ). JK-100 #8/H HIHEHEa . BliMe. FA1004 H7KF. T6 #i
AN T 10-6B NEES A R Eh IR RS 45

2.2. ColFe;0.@Zeolite BIHIE

ColFes0s@Zeolite MM TR FH m R BK B VA i) & . MBI E LA 2:1:1 FREL Zeolite. FesO4 FHI
Co(NO3)2-6H.0 AR RA - KHRA B T WA 100 mL [BREEGES, DURBERONERES A, 20 BRR
N 10:1, FF4r A PN EREEBE RN 20 mL [RJEK 8%, BRESHLEEERES 8 ho KB 5 UM B T HE
T4+ 80°CTHE 6 h, RIT#3%] Co/FesOs@Zeolite MiVEMEILT .

2.3. FEMEYIR SRAE

Co/Fes0:@Zeolite FiMEMEALT I AR« BRI SR T 25 R TS 3 il ot X S 2647 54 (XRD, Smartlab
SE, HA). #RINFEMBLSRIT(VSM, HH-20, A E)F$45 7 255 (SEM, ZEISS-G500, 4 E)#1T 1
FKAE
2.4. TCH HYREE MK
TEERRSEIR 2 R/, /0 IECH] TIRE )y 2. 4. 6. 8. 12 A1 16 mg/L () TCH ¥&W, FHA8 4] W4
eI HAE 357 nm ARWOGE . ¥ TCH ¥R IEZ S ARG B AT LR M4 A, 15 Hbnit 28
Y =0.0341+0.03458X , R? = 0.9998 (1)

XA, Y OB X: WEE(mg/L).
2.5. BEMREKE

HY 200 mL ¥R JE A 50 mg/L ¥ TCH &N 250 ml Bedh b, S E A FE 2 AW £, [F I A e pr
NN — % B ColFes0.@Zeolite F1 PMS Ffitif . EITELH 4 mL AW, @it 0.22 um fEid g, FFrHp
FHEANAT W3 66 ETHAE 357 nm Rl & FLIR G, i bt it 248 v 509 v TCH ik FE .

3. &ER5vHe
3.1. Co/Fe304@Zeolite B9 5FR4E

FIF XRD % FesOs~ Zeolite Fll Co/FesOs@Zeolite =4k} f B 45 My AT 0 #r, 45 i 1 Fios .
HH & 1 WAL, {E ColFesOs@Zeolite (TS IE R AT LB R HE H FesOs 1) Zeolite FFfEIE, XK BHIEIL &R
BREEVE R IHIL A T FesOs 5 Zeolite. Co/FesO.@Zeolite ¥ 54 ) XRD it %45 &K I Co BUAFAFIE, —JF
HRHT Co BERA, REMKEAFFHEE MY, 5—J71H Co Ju & W A LAE TR 4B 2% B b A 45 4
SR

FIH VSM Mt T FesO4 F1 Co/FesOs@Zeolite YIFIREB NI 58 5, 25 R 2 fran. H11E 2 Al %, FesOs
Al ColFes04@Zeolite f 1 FIRE 3 5 73 51l /v 88.1 A1 25.6 emulg. HARE A /5 i) ColFes0.@Zeolite ¥ 5 i
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Figure 1. XRD patterns of FesO4, Zeolite and Co/FesOs@Zeolite
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Figure 2. Hysteresis loops of FesO4 and Co/FesOs@Zeolite
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Figure 3. SEM images of Zeolite and Co/FesOs@Zeolite; EDS mapping images of Co/FesOs@Zeolite
[&] 3. Zeolite F1 Co/Fes0s@Zeolite I3 SEE]; Co/FesOs@Zeolite A EDS EIHEE

DOI: 10.12677/hjcet.2025.151002 15 L TRESHAR


https://doi.org/10.12677/hjcet.2025.151002

R A

FIH SEM X} Zeolite 1 Co/FesOs@Zeolite &5 FTEEREAT 7 illik, FFFIH EDS % Co/FesOs@Zeolite
MR E GRS HAT T o041, g5RwlE 3 Fon. MIE 3 pafLEH, #AMRIENEE, S65EN
Co/FesOs@Zeolite FF it RN 2 FL, IXFE IG5 A BT W B A0 A A AR 1 64T . EDS S5 5RER 8,
ColFe30,@Zeolite ¥ 5 H7EE OL Si Al. Fe. Co 25 T, I HABAIY SIHb 23 A 2E A4k 77 1) 22 1

3.2. REIRRL#F P FEREEUR R EE

T VAL ColFesOs@2Zeolite HIfEALTENE, 43 AR T Co/FesOs@Zeolite + PMS. Co/FesOs@Zeolite I
PMS =AM Mifk Z i TCH M £Fr# . W& 4 Fos, fEMRIZAE N REBL 15 745, ColFesOs@Zeolite Al
1 PMS S AR 20 PURR R L BR 0 50N 24.1%81 32.5%., 45 5%H], ColFes0.@Zeolite 4k 71 T LAWK b
5> TCH. [FIffEHl, HphE) PMS 0] LUEAL D350 ) TCH. 24 ColFesOs@Zeolite £ PMS [R] i £ 7E S 8L
B, TCH [IIEARZE T4 98.8%. X% W] ColFes0,@Zeolite 7] LA X0E 4L PMS & 24 (1) %% TCH
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Figure 4. Comparison of TCH removal in various systems
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Figure 5. Effect of different PMS dosage on TCH removal
[ 5. PMS JREEXT TCH EBRFERIFMT
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N T IRIE PMS BN E R RCR M, ARSKIRETE 1 A4 0.5~2.5 mmol/L [#) PMS i BE#H .
w5 prs, H“ENEY 0.5 mmol/L 350 2.5 mmol/L B, 15 min P TCH 2R M 76.9% N3] 7
99.4%. BE7E PMS I HZBH T, TCH KRB WAEZRE TS . HEs e M 2.0 mmol/L $27+ %] 2.5
mmol/L B, TCH M1 LBRFI_RAMGHAE, IR EmNT TCHIREAIR, JLTHMEETEET . WS
2235 F PMS #5005 2.0 mmol/L #7525 .

3.4. fEAFIAEFHEABRARMm

Wi 6 Frow, AT EXT TCH B 2353 A 5 B MR . A7 0.10g/L. 0.25g/L.
0.40 g/L. 0.50 g/L #1 0.75 g/L I}, TCH (¥ Z:BrZ 537k ] T 80.0%. 94.8%. 98.8.0%. 98.9%7F1 99.4%.
SNt Z i ColFesOs@Zeolite fEALFIHEIN MG N, TCH ) 2B R WAL IR ET T . 24 ColFes04@Zeolite
BOIME N 0.40g/L B, TCH LFR%E N 98.8%, S¥siiE N 0.759/L B ZREIR /N, JET RiA 1 I 5 1E,
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Figure 6. Effect of different catalyst dosage on TCH removal
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Figure 7. Effect of different pH on TCH removal
E 7. [ pH X TCH EFRZFEAIFZ0D
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wE 7 R, WYL pH A RS TCH 1A BRR ARy B4 5w . Sl INwILE pH A
3909 3y 5. 7. 9. 11 B, FFIZMET TCH 1 LBRZE 7371 81.2.0%. 83.9%. 98.8%. 93.8%7/1 88.2%.
UVETRWIEE pH NBR LR, BEA pH HIZW RS, TCH HIMLZBWIG = . 4 wIaE pH At Emt, TCH
ZbRF R, BH T 98.8%. WAEZWITE . IRV pH NBRPERT, BEE pH 10iE#iiem, TCH £
BREFIZ WK, Kk ColFesOs@Zeolite EALFITE IS AE T, Xt PMS B B UFMALRCR, EBR A
S AR A P

3.6. XEFEAEFIHEMBRAF M

FESCBRPUAE R K, AATF & A S AT B, XSSP B 7 AL g AR A s, Rtk
A D ERR T T B T LB 2 s . AR T AEMIRI %4 T, 50 mg/L 19 H,PO, . SO; + CI°
1 CO? X} ColFes0s@Zeolite MEMLKCRAIEENT . W 8 Fizn, f£H,PO, . SOF + CI" flCO* MR T

SRAETERIEMS, TCH BEKZ 454 98.5%. 97.2%. 89.9%F1 89.0%. LTI LAFH, AREP LN
TeHLIH & F-X ColFesOs@Zeolite AL R T4 /1N, B ColFes0.@Zeolite AL BA BIFHITT TN 6L
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Figure 8. Effect of coexisting anions on TCH removal
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Figure 9. Results of cyclic experiments
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ColFe304@Zeolite B A 5T FIREYE, AT DUEI REER AT 2 88008 7 38 SR IE BIE AR H ) B 1. K ii 4y
2 S FORE S HEAT 5 IRIEFASEES:, S5 WRPE 9 An. EBEAT 5 RSG5, TCH M BRF AR T LLIA F
81.4%, FHH ColFes0,@Zeolite AL EA B IFHITEI FaE M.

3.8. BEREZERIE

N T #ELE ColFesOs@Zeolite + PMS MR R 2:fk TCH I EEE MMM, #4717 B B EPE K 5L
5. i H FFA. TBA. MeOH Fl p-BQ 1E N KFITUEA K 10.v -OH. SO, 105 o 25 H il 10 fir
7w iR REF RN TBA. FFA. MeOH 1 p-BQ i, TCH K 2:FR 345 98.2%. 83.4%. 78.1%#l
42.9%. HE 10 7751, 7 ColFes0.@Zeolite + PMS [N AE &R H, 10, SO 1 O; 7E TCH B&fRILFE i

B 7 ESIEM,
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Figure 10. Effects of ROS quenching tests
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1) AWFFCRA T m AR A T ColFes0s@Zeolite FEPEMEALT, FE H M TGtk PMS w2 iR
TCH. fEffEM T, ColFes0s@Zeolite + PMS 2Rtk Z 4} () TCH %l iA 3] 98.8%.

2) JLAELHBIE ¥ H,PO, « SOF . CI” Ml CO* *f ColFes0s@Zeolite It LR H/N, L]
ColFes0s@Zeolite fEALFIFIIAEE T AE J1 ik, 4k 5 IR SLIR )5, X TCH £ BRZ A8 L E] 81.4%,
# W] ColFesOs@Zeolite fiA I HA R UFHIE FaE M.

3) HHRERKLIFEY, 1E ColFe;04@Zeolite + PMS RN AK R, 10, SO, il O; #E TCH [t
TR T = FIEM.
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