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11. Tém tit cac két qua méi cia ludn an:

1. Muc dich:

Tong hop thanh cong cac vat litu xuc tac (CoFeOs, MIL-101(Fe), hé
CoFe204/MIL-88A, hé CoFe,04/MIL-101(Fe)/rGO), danh gia dugc hiéu qua cua ching
trong qua trinh xtr 1y du lugng khang sinh tetracycline trong nuéc bang qua trinh kich
hoat pesulfate va lam o dugc co ché, dong hoc cua qua trinh phan huy TC, kha nang tai
st dung va do bén cua vt liéu xuc tac trong qua trinh xtr 1y TC.

2. Béi tugng:

Céc vat liéu xuc tac: CoFe;Os, MIL-88A, MIL-101(Fe), CoFe.O4/MIL-88A,
CoFex04/MIL-101(Fe) va CoFe204/MIL-101(Fe)/rGO; Du lugng khang sinh tetracylin;
(iii) Nudrc thai thyuc té: Nudc thai chin nudi tir trang trai.

3. Cac phuong phap nghién ctru da st dung

Phuong phép phan tich va tong hop 1y thuyét; Phuong phap ké thira; Phuong phap
quan sat khoa hoc (Tong hop vat liéu (thuy nhiét, nung, siy kho; Panh gia cau trac, tinh
chat hod 1y (XPS, XRD, SEM/EDX, FT-IR, BET, tir tinh VSM...; Po ndng d¢ chat 6
nhiém trén may quang phd UV-Vis, may pha mau phan tich COD, may sac ky long khoi
ph6 LC-MS, sic ky ion, quang pho hip thu nguyén tir AAS; Xir 1y s6 lidu thong ké, su
dung phan mém xur 1y dir liéu XPS, XRD, FT-IR, EDX...).

4. Cac két qua chinh va két luan

4.1. Cdc két qua chinh
- Tinh chat cdc vit liéu xiic tdc CoFe;04, MIL-101(Fe), va CoFe;04/MIL-101(Fe)/rGO.



Céac két qua XRD, SEM/EDX, FT-IR, XPS, VSM da xac nhan cac vat li¢u GO,
rGO, CoFe;04, MIL-101(Fe) va CoFe,04/MIL-101(Fe)/rGO dugc tong hop thanh cong
va c6 d0 tinh khiét cao; CoFe>04 c6 dang hinh cau co cum thanh céc tap hop hat 16n do
tu tinh cta vat liéu, trong khi MIL-101(Fe) c6 dang hinh lyc lang.

Céc tinh cht va cdu trac cua vat liéu CoFe,04/MIL-101(Fe) (CoM) phu thudc vao
cac diéu kién téng hop nhu ty 18 thanh phan, thoi gian va nhiét d6. O 110 °C trong 20
gio va ty 1¢ 1:1 1a cac diéu kién tdi uu dé tong hop vat liu CoM, va hé vt liéu ba thanh
phan CoFe204/MIL-101(Fe)/rGO (CoM/rGO). Vit liéu CoM/rGO ¢6 cau trac mao quan
trung binh, dién tich bé mit riéng dat 39,96 m?/g va c6 tir tinh cao (28,77 emu/g), dap
{rmg duoc nhu cau tach, thu hoi st dung nam cham.

- Két qua xir 1y duw heong khang sinh TC bang cdc vit liéu CoFe;04va MIL-101(Fe), va
CoFe;O4/MIL-101(Fe)/rGO.

Khi ghép MIL-101(Fe), CoFe;O4 va rGO da tao hé vat li¢u lai ghép lién hop, sinh ra
hiéu g cong hudng, cho phép ting cuong hiéu qua xir 1y 1én 1,20 dén 1,54 1an so véi cac
vat liéu don CoFe;O4, MIL-101(Fe). Qua trinh xtt Iy TC bi d&nh hudng cia cac thong )
phéan (mg nhu pH, thoi gian phan mg, lidu luong xuc tac, nong do PS, nong d6 TC, va
cac ion la. O céc diéu kién t6i uu, trén 97% TC 10 mg/L bi phan huy, trong d6 c6 trén
83% bi oxi hoa thanh CO; va H»O.

Qua trinh xir Iy TC tuan theo mo hinh déng hoc bac 2, véi hang sb toc do phan tmg phu
thudc néng do va c6 do 16n nam trong khoang 0,003-0,365 L. mol”'.mg™". Qu4 trinh phan
huy TC chu yéu do cac goc tu do SO4~ va HO' sinh ra do cac tim Fe**/Fe** va Co**/Co**
theo 02 con dudng chinh 1a khir cac nhém amin, loai bd nhom thé va oxi hod trong phan tir
TC. Vit liéu xtic tic ché tao duge co kha nang thu hdi, ti sinh d& dang va van cho hoat tinh
xuc tac tot sau 5 chu ky lién tiép (duy tri hidu suét trén 86% sau 5 vong xir Iy TC 10 mg/L).
Trén 61,36% chét 6 nhiém hitu co trong nudc thai chin nudi bi khoang hoa khi xir 1y bang
qua trinh kich hoat PS .

4.2. Két lugn

- ba téng hop thanh cong céc vat ligu xtic tac CoFe2O4, MIL-101(Fe), CoM va
CoM/rGO 6 cac diéu kién khac nhau (ty 18 thanh phan, thoi gian va nhiét do).

- ba danh gia dugc hi€u qua cua qua trinh xur Iy du lugng khang sinh TC trong
nude bai cac vat lidu xuc tac ché tao duge: tim diéu kién tdi wu cho qué trinh x1r 1y (pH,
thoi gian phan ung, lidu luong xuc tac, nff)ng do PS, nff)ng do TC).

- Pa chtg minh dugc co ché, dong hoc va con dudng phan huy TC boi qua trinh
kich hoat persulfate vdi chét xuc tac di thé ba thanh phﬁn CoM/rGO.

- P danh gia duoc kha nang thu hoi, tai sinh, tai sir dung hé xtic tac di phat trién
duoc; danh gia dugc kha ning Gmg dung xtr 1y nude thai thuc té (nude thai chian nubi).
Hau hét chat 6 nhiém bj khoang hoa thanh CO» va nudc (83,20%).

5. Cac hudng nghién ctru tiép theo:

- Panh gia doc tinh cta cac chit trung gian tao ra trong qua trinh xt 1y.



- X4y dung hé pilot dé xir Iy nude thai thuc té tir qua trinh chin nudi va nudc thai
bénh vién.
- Panh gi4 hiéu qua kinh té va méi truong khi so sanh véi cac ki thuat AOP khac.
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12. Summary of the new findings of the thesis:
1. Objectives

The dissertation successfully synthesized catalysts (CoFe.Os, MIL-101(Fe), the
CoFe204/MIL-88A composite, and the ternary CoFe:04/MIL-101(Fe)/rGO system),
evaluating their efficiency in the removal of residual tetracycline antibiotics in aqueous
solutions through persulfate activation process, and elucidating the degradation
mechanism and kinetics of the tetracycline decomposition process. Additionally, the
reusability and stability of the catalytic materials during the treatment process were
evaluated.
2. Research Subjects

Catalytic materials including CoFe.0s, MIL-88A, MIL-101(Fe), CoFe:04+/MIL-
88A, CoFe:04/MIL-101(Fe), and CoFe.O+/MIL-101(Fe)/rGO; Residual tetracycline
antibiotics; Real wastewater samples originating from livestock farming.
3. Research methods employed

Analytical and theoretical synthesis methods; Inheritance and comparative
methodology; Scientific observation methods, including: hydrothermal synthesis,
calcination, drying; physicochemical characterization (XPS, XRD, SEM/EDX, FT-IR,
BET, VSM magnetic analysis); quantification of pollutant concentrations using UV-Vis
spectrophotometry, COD digestion analysis, LC-MS, ion chromatography (IC), and
AAS; statistical processing and data analysis software for XPS, XRD, FT-IR, and EDX
interpretation.
4. Main Results and Conclusions
4.1 Main Results
- Properties of CoFe:04, MIL-101(Fe), and CoFe:04/MIL-101(Fe)/rGO catalysts



XRD, SEM/EDX, FT-IR, XPS, and VSM analyses confirmed the successful
synthesis of GO, rGO, CoFe20s, MIL-101(Fe), and CoFe204/MIL-101(Fe)/rGO with
purity. CoFe204 exhibited spherical form agglomerated due to magnetic interactions,
while MIL-101(Fe) displayed a hexagonal structure.

Physicochemical properties of the CoFe.04/MIL-101(Fe) composite (CoM) were
dependent on synthesis parameters such as precursor ratio, duration, and temperature.
Optimal synthesis conditions were 110 °C for 20 hours at a 1:1 ratio, yielding both CoM
and the ternary CoM/rGO material. CoM/rGO possessed mesoporous structure, with a
specific surface area of 39.96 m?/g, and high magnetization (28.77 emu/g), enabling
magnetic separation and recovery.

- Results of TC removal efficiency using CoFe:04, MIL-101(Fe), and CoFe:0+/MIL-
101(Fe)/rGO

The hybridization of MIL-101(Fe), CoFe204, and rGO generated a synergistic
catalytic system, enhancing tetracycline degradation efficiency by 1.20-1.54 times
compared with individual catalysts. The degradation efficiency was influenced by pH,
reaction time, catalyst dosage, PS concentration, TC concentration, and interfering ions.
Under optimal reaction conditions, more than 97% of 10 mg/L tetracycline were
degraded, with over 83% mineralized into CO: and H-O.

The degradation followed a second-order kinetic model with concentration-
dependent rate constants ranging between 0.003-0.365 L-mol!'-mg"'. The
decomposition pathway was governed by SO.” and HO® radicals generated from
Fe**/Fe** and Co*'/Co*" redox cycling via amine reduction, dealkylation, substituent
removal, and oxidative molecular cleavage. The catalyst demonstrated very good
recyclability, maintaining >86% efficiency after five consecutive treatment cycles.
More than 61.36% of organic pollutants in livestock wastewater were mineralized
through PS activation.

4.2 Conclusions

- Successfully synthesized catalytic materials CoFe204, MIL-101(Fe), CoM, and
CoM/rGO under optimized ratios, duration, and temperature.

- The efficiency of removing tetracycline residues from water using the as-
synthesized catalysts and optimal treatment conditions (pH, reaction time, catalyst
dosage, PS concentration, TC concentration) were evaluated and figured out.

- The TC degradation mechanism, kinetics, and decomposition pathways through
persulfate activation using the ternary heterogeneous catalyst CoM/rGO were revealed.

- The catalyst recoverability, regeneration, reusability, and applicability to real
wastewater treatment were assessed. More than 83.20% of organic pollutants were
mineralized into CO: and water.

5. Future Research Directions

- Assessment of toxicity of intermediates formed during the TC degradation

process.



- Development of pilot-scale systems for livestock and hospital wastewater
treatment.

- Evaluation of economic and environmental performance compared with other
AQP technologies.
6. Thesis-related publications:
1. Tran, D-T., Bui, T-T-U., Phan, A-T., Pham T-B., 2024. Boosting tetracycline
degradation by integrating MIL-88A (Fe) with CoFe>O4 persulfate activators.
Environmental Technology & Innovation, 33, 103502.
https://doi.org/10.1016/j.et1.2023.103502 (IF = 7.2, Q1).
2. Phan Anh Tuan, Pham Tran Bao, Thi-Cuc Nguyen, Le Quynh Anh, Tran Dinh Trinh
(2025). Influence of synthesis conditions on crystal structure and catalytic performance

of CoFe:04 nanoparticles for tetracycline degradation by persulfate activation process.
VNU Journal of Science: Natural Sciences and Technology. 9, 2025, 1-
13. https://doi.org/10.25073/2588-1140/vnunst.5921

3. Dang V. C, Tran D.T, Phan A.T, Pham N.K, Nguyen V.N (2021). Synergistic effect
for the degradation of tetracycline by rGO-Co304 assisted persulfate activation. Journal
of Physics and Chemistry of Solids, 153, 110005.
https://doi.org/10.1016/1.1pcs.2021.110005. (IF = 4.3, Q1).

Date: / /2025

On behalf of academic supervisors PhD. Student

Assoc. Prof. Dr. TRAN Dinh Trinh Phan Anh Tuan


https://doi.org/10.1016/j.eti.2023.103502
https://doi.org/10.25073/2588-1140/vnunst.5921
https://doi.org/10.1016/j.jpcs.2021.110005

