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Text S4. TC degradation pathway.

Fig. S1. Effects of CoFe,O4-EG after thermal activation regeneration.
Fig. S2. Oxidative degradation pathways of TC

Fig. S3. MS/MS spectra of products detected by UHPLC-QTOF/MS.

Table.S1 Possible TC degradation intermediates in the CoFe,O,/EG/PMS system
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Text S1. Details of agents.

Expandable graphite was obtained from Nanjing Grefa Carbon Materials Co., Ltd.
5,5-dimethyl-1-pyrroline-N-oxide (DMPO, AR), 2,2,6,6-Tetramethyl-4-piperidone
(TEMP, AR), and sodium bicarbonate (NaHCO;, AR) were purchased from Aladdin
Chemical Reagent Co., Ltd. Peroxymonosulfate (KHSOs, PMS, AR), methanol
(MeOH, AR), ethanol (EtOH), phenol (PhOH, AR), and tetracycline (TC, AR) were
obtained from Shanghai Macklin Biochemical Technology Co., Ltd. (Shanghai, China).
Ferric nitrate hexahydrate (Fe(NO;)-9H,O, AR), cobaltous nitrate hexahydrate
(Co(NO3),-6H,0), sodium chloride (NaCl, AR), potassium chloride (KCI, AR), dibasic
sodium phosphate (Na,HPO,4, AR), sodium Bicarbonate (NaHCOj3;, AR), and sodium
thiosulfate (Na,S,03, AR) were purchased from Tianjin Kermel Chemical Reagent Co.,

Ltd.
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Text S2. Theoretical calculation methods.

Density function theory calculations were conducted by Vienna ab initio
simulation package (VASP). The core electrons were described by the projector-
augmented plane wave (PAW) [1, 2]. The Perdew-Burke-Ernzerhof (PBE) was adopted
as functional with the exchange-correlation term of generalized gradient approximation
(GGA) [3]. In addition, the Bader charge was calculated through the algorithm BADER
CHARGE ANALYSIS [4].

An adsorption model consisted of a slab model (CoFe,O4 * CoFe,04-EG) and a

molecular model of HSOs™ covered on the slab. Two electrons were localized around

atomic group 8O's to form HSOs by adding two hydrogen atoms as counter ions. The

cutoff energy for the plane wave basis was set at 450 eV with a 2 x 2 x 1 k-point grid
for Brillouin zone sampling. A 30 A vacuum layer was established to prevent interlayer
interactions. The long-range van der Walls interactions were corrected by the DFT-D3
method [5].

The adsorption energy (E ads) of adsorbate on the catalyst was calculated based on

Equation 1 [6].

E E E E

ads = Lcatalyst + adsorbate ~ © catalyst ~ L adsorbate (3)

where Eads refers to the adsorption energy, eV; Ecatatyst + adsorbate is the total energy of
catalyst slab and adsorbate, eV; Ecatatyst means the energy of the catalyst slab, eV; and

Eaasorbate is the energy of adsorbate, eV.
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Pseudo-first-order kinetic (Equation 2) was applied to fit the oxidation processes
of TC (data for 0-60 min) and calculate the corresponding degradation rate constants

(®) [7].

Ce
In—=-kt
C

0 4)
where €0 means the concentration of TC at the start of oxidation, mg/L; t means

the concentration of TC at a point of oxidation, mg/L; ¢ refers to the oxidation time (0

<t<60), min.



72 Text S3. Effects of used CoFe,04-EG after thermal activation regeneration
73 The used catalyst was regenerated through thermal activation at 300°C and
74 compared with a standalone PMS system under identical conditions. Experimental

75 results revealed that this method restored catalytic efficiency to over 70% of its initial

76 level (Fig. S1), highlighting its remarkable reusability and practical applicability.
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77
78 Fig. S1. Effects of used CoFe,0,4-EG after thermal activation regeneration.
79
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Text S4. TC degradation pathway.

To further investigate the reaction mechanism of TC, the intermediates were
analyzed using UHPLC-QTOF/MS, and possible molecular structures were shown in
Fig. 12. In the CoFe,04-EG/PMS system, eleven major intermediates were detected
with mass peaks at 460 (P1), 477 (P2), 379 (P3), 427 (P4), 371 (P5), 320 (P6), 302 (P7),
219 (P8), 279 (P9), 228 (P10), and 150 (P11). Based on the intermediates from the
degradation of TC, a degradation pathway for TC was proposed. TC molecules were
attacked by SO,~, HO", and '0,, leading to the formation of low-molecular-weight
products. TC under ultimate oxidation conditions, TC molecules might be oxidized and
decomposed into two intermediate products, P1 and P2. During the reaction, TC
molecules lose hydroxyl (-OH) groups, forming a new intermediate product P4.
Simultaneously, P4 is converted to P3 by introducing an amino (-NH,) group. P4
molecules were further oxidized to form P5. P4 and P5 molecules underwent ring-
opening reactions to generate new intermediate products, P6 and P7. P7 underwent
catalytic oxidation to form smaller molecules P8, P9, P10, and P11. Some intermediates

were ultimately mineralized to CO, and H,O.
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99 The chemical properties and secondary mass spectra of 11 intermediates are listed
100 in Table S1.

101 Table S1. Possible TC degradation intermediates in the CoFe,04-EG/PMS system.

Molecular m/z
Compound Molecular structure
formula (Molecular weight)
P1 C22H24N209 460.44 onll on
OH 0O O O O
~
HO
o
NH
P2 C2H2N>01g 476.44 i iy S
OH O 0 o
o NH,
HO
P3 Ci9H7NO; 371.35 O“‘
OH

P4 C15H21NO4 279.34
OH

OH

RS 6 00 0
OH

P6 C17H21NOs 319.36 O“ on



302.33

P7 C7H 15305

219.33

P8 C11H2sNO;
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P9 CisH1NO4
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(04 TOF MSMS (20 - 600) from 1.321 min Precursor: 371.2 0a, =1, C&: 35.0, CES: 15.0
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