DAl HOC THAI NGUYEN CONG HOA XA HOI CHU NGHIA VIET NAM
TRUONG DAl HQC SU PHAM Péc 1ap — Tw do — Hanh phc

THONG TIN KET QUA NGHIEN CUU

1. Thong tin chung

- Tén dé& tai: “Tong hop, nghién ctru dic trung va kha ning xu ly khang sinh
Ciprofloxacine trong nudc cua cac vat lidu hydrotalcite bién tinh bang ion Co%*”.

- M4 s6: TNUE-2024-13.

- Chi nhiém dé tai: TS. Vii Van Nhuong.

- T6 chuc chi tri: Truong PHSP — DH Thai Nguyén.

- Thoi gian thyc hién: Tir thang 6 nim 2024 dén thang 11 nam 2025 (c6 06
thang gia han).

2. Muc tiéu

- Tong hop duoc cac mau vat lieu moi c6 kha ning xtr Iy tot khang sinh

Ciprofloxacine trong moi trudong nudc.

- Panh gia dugc hiéu qua xt Iy khang sinh caa cac mau vat liéu téng hop.

- Lwa chon duoc céc vat liéu cd hoat tinh tot dé nghién xtu xir Iy nuée thai thuc
té (nudc thai cia bénh vién hoic cua cac co sé chan nudi).
3. Tinh méi va sang tao

- Lan dau tién d3 nghién ctu tong hop mot cach day du, hé thdng cac vat lidu
hydrotalcite bién tinh bang ion Co? va céc vat liéu hydroxide 16p kép CoAl-LDH. Pa
nghién ciru cac dic trung, tinh chat cho cac day vat liéu tong hop dé chang to chling c6 kha
ning hap phu va cd hoat tinh quang XUc tac cao.

- Céc day vat lidu tong hop déu cho thay kha ning hap phu ciprofloxacin tét. Dac biét,
cac vat lieu 1,5CoMgH, 1,5CoMgH500 trong ddy Co?*»Mg?*7.nAI*3(OH)2(COs%)a2.mH20
va 1,0CoZnH, 2,0CoZnH500 trong ddy Co?*nZn?*7.,APR*3(OH)2(CO3?)32.mH20 c6 hoat tinh
quang x1c tac cao khi duoc hoat ha bang persulfate.

4. Két qua nghién ciru
1. Bay vat liéu Co?"'nMg?*7-nAP*3(OH)2(CO3%)32.mH20 (ki hiéu 1a nCoMgH) da
dugc tong hop thanh cong bang phuong phap dong két tiia theo cac ti 1& mol

Co:Al = (0-0,5-1,0-1,5-2,0-2,5-3,0):3,0. Céc vat lidu da dugc nghién ctru mot

cach hé thong dic trung, tinh chat bang cac phuong phap vat Iy nhu gian d6

XRD, anh SEM, ph6 EDS, cac dudng cong hap phu/giai hap phu N2, phé UV-

Vis DRS. Hiéu suét hip phu tot nhat thuéc vé mau 1,5CoMgH véi dung luong

hap phu dat 158,7 mg/g tai pH = 10. Hoat tinh quang xlic tac clia miu

1,5CoMgH co nhét trong day khi str dung persulfate hoat hoa. Mau 1,5CoMgH



¢6 thé xur Iy CIP 10 ppm, 20 ppm v&i hiéu sudt dat téi 91,9% va 91,5%. pH moi
truong t6i wu dé hip phu va phan huy quang xtc tac cho mau 1,5CoMgH & pH
= 10,0. Ngoai ra, miu 0,5CoMgH cho thdy kha ning phan hiy quang xdc tic
CIP t6t nhit trong day véi hiéu suat phan hay CIP 25 ppm dat 51,1%. Két qua
nghién ctru d3 gop phan céng bd 02 bai bao trén Tap chi Phan tich Ly, Hoa va
Sinh hoc (2024) va Tap chi Xtc tac va Hip phu Viét Nam (2025).

. Sau vat liéu nung tor Co?'nMg?*7-nAIR*3(OH)2(CO3%)32.mH20 (ki hiéu 1a
MgH500, nCoMgH500) thu dugc sau khi nung ¢ 500 °C, trong 5 gid tur cac vat
liu MgH, nCoMgH tong hop bang phuong phap dong két tia. Pic trung cu
trc, tinh chét caa sau vat liéu duoc thé hién qua cac két qua phan tich gian dd
XRD, anh SEM, phd EDS, cic dudng cong hip phu/giai hip phu N2, phé UV-
Vis DRS. Hiéu suat xtr Iy CIP 10 ppm tot nhat thudc vé mau 1,5CoMgH500
(hiéu suét xtr 1y CIP trong khoang 72,8 + 79,6% sau 300 phut khao sat). Hoat
tinh xtic tac ctia mau 1,5CoMgH500 dugc nang cao trong swr c6 mit ciia S,08>
2 MM + 4 mM, duogc duy tri & mic cao sau 4 1an st dung (hiéu suét xir Iy CIP
dat duoc 62,7%). Ngoai ra, cAu tric cua vat liéu 1,5CoMgH500 it bi thay doi
sau ba 1an tai str dung vat liéu. Két qua nghién ciru da dugc ding tai 01 bai bao
trén Tap chi Xuc tac va Hap phu Viét Nam (2025).

. Sau vat liéu khong nung Co?*nZn?*7.,AI¥*3(OH)2(CO3%)32.mH20 va sau vat liéu
nung ZnAl-hydrotalcite duoc bién tinh bang ion Co?* di dugc tong hop thanh
cong bang phuong phap dong két tia (ki hiéu 1a nCoZnH va nCoZnH500). Tat
ca 12 vat liéu khong nung va nung déu duoc dic trung, phan tich tinh chat bang
cac phuong phap vat 1y hién dai: gian @6 XRD, anh SEM, pho EDS, céc duong
cong hdp phu/giai hap phu Nz, phé UV-Vis DRS. Céc thi nghiém hap phu va
quang xuc tac cho théy loat vat li¢u chua nung hoat dong tdt hon céac vat liéu da
nung ¢ cung ty 1€ Co:Zn:Al. Cuy thé, 1,0CoZnH thé hién su phan huy CIP cao
nhat (~76% sau 300 phut), vuot trdi hon 2,0CoZnH500 (~71%). Hiéu suat xu 1y
CIP 10 ppm chiu chi phdi manh m& béi d6 pH va ndng do persulfate, voi didu
kién t6i uu gan pH tir 4,0 — 8,0 va 2 mM persulfate. Két qua nghién ctru di gop
phﬁn dao tao 01 SV lam Khoa luan tot nghi¢m va bao v¢ thanh cong trudc Ho1
ddéng chim khoa luan nim 2025 va ding tai 01 bai bao SCI Q2 trén Tap chi
Physica Scripta.

. Sau vat liéu hydroxide 16p kép Co?*nAl¥*3(OH)2(CO3%)s2.mH20 (ki hiéu la
CoAI-LDH) di duogc tong hop thanh céng bang phuong phap dong két tia theo
cac ti 1€ mol Co:Al = (1,0 - 2,0 — 3,0 — 4,0 — 5,0 - 6,0):3,0. TAt ca 06 vat liéu
déu duogc dic trung, phan tich tinh chat bang cac phuong phap vat 1y hién dai:



gian d6 XRD, anh SEM, phd EDS, cic duong cong hap phu/giai hip phu No,

phd UV-Vis DRS. Két qua nghién ctru hoat tinh hip phu, quang xtc tic cho

thdy vat liéu 2CoAl-LDH c6 kha ning xu 1y CIP 25 ppm t6t nhit véi hiu suat
xir Iy CIP dat khoang 80% sau 240 phut chiéu sang, st dung H202 30%. Két
qua nghién ctru di gép phan dao tao 01 SV lam dé tai NCKHSV 2024-2025 dat
két qua tot.

5. San pham

5.1. San pham khoa hec

5.1.1. 01 bai b4o Qudc té thudc danh muc SCIE;

Vu Van Nhuong, Vu Thi Hau, Ngo Thi Mai Viet, Tran Thi Hue, Vuong Truong
Xuan® (2025), Enhanced Visible-Light Photodegradation of Ciprofloxacin via Co**-
Doped Zn-Al LDH with Persulfate Activation, Phys.Scr. 100(2025)105018.
https://doi.org/10.1088/1402-4896/ae0ech.

5.1.2. Bai bao dugc ding trén tap chi c6 diém tir 0,75 tré 1én theo HDGSNN:

1. Vi Van Nhuong*, Pham Thi Ha Thanh (2024), “Nang cao hiéu qua xu ly
khang sinh ciprofloxacin trong moi trudng nudc cua cac vat lieu hydrotalcite bién tinh
bang ion Co*"", Tap chi phan tich Hoa, Ly va Sinh hoc, Tap 30, s 2A/2024 (10-07-
2024), Tr.64-73.

2. Vi Van Nhuong (2025), Nang cao hiéu qua phan hay quang xic tac
ciprofloxacin trong méi trudng nudc cua cac vat lisu MgAl-hydrotalcite bién tinh bang
ion Co?* sir dung persulfate hoat héa, Vietnam Journal of Catalysis and Adsorption, 14
—issue 3 (2025) 37-43. https://doi.org/10.62239/jca.2025.035.

3. Vi Van Nhuong (2025), Nghién cau xu 1y ciprofloxacin trong moi truong
nudc cua cac vat liéu thu duoc tir cac vat lisu MgAl-hydrotalcite bién tinh bang ion
Co?* sau khi nung, Vietnam Journal of Catalysis and Adsorption, 14 — issue 3 (2025)
98-104. https://doi.org/10.62239/jca.2025.045.

5.2. San pham dao tao: P& tai nghién ciru khoa hoc sinh vién/khda luan tét nghiép
5.2.1. Khoa luan tot nghiép

Pao Khanh Chi (2025), “Téng hop, nghién ciru dic trung cdu tric, tinh chdt cia
cdc vdt liéu hydrotalcite ZnAICOg3 bién tinh bang ion Co®* dé xir Iy ciprofloxacin trong
mdi trong nude”, Khéa ludn t6t nghiép dai hoc. Da nghiém thu dat loai suat sac.

5.2.2. Dé tai NCKHSV
Lé Huwong Giang (2025), “Téng hop vdt liéu hydroxide 16p kép bién tinh bang

ion Co?" va nghién ciru tinh chat, khd nang xir 1y ciprofloxacin trong mdi trwong
neéc”, Dé tai NCKHSV. Pa nghiép thu xép loai Tét.


https://doi.org/10.1088/1402-4896/ae0ecb
https://doi.org/10.62239/jca.2025.045

5.3. San pham #ng dung

5.3.1. 05 day vat liéu tong hop. Mdi day vat liéu tir 3-5 gam vat liéu (9-15 gam vat
liéu). Co van ban chuyén giao cho 01 don vi (trudng THPT V& Nguyén Giap).
5.3.2. 01 so d6 c6ng nghé xir Iy nudc thai thuc té. C6 vin ban chuyén giao cho 01 don vi
(truong THPT VG Nguyén Giap).
6. Phuong thirc chuyén giao, dia chi &ng dung, tac déng va lgi ich mang lai caa
két qua nghién ciru:
6.1. Phwong thirc chuyén giao

Chuyén giao cac mau vat liéu tong hop, quy trinh xir ly khéng sinh trong méi
truong nudc cho Co sd gido duc hodc don vi theo quy dinh cua co sd, don vi. Du kién
cac don vi chuyén giao 1a cac Khoa/Truong dai hoc hoic cac truong THPT.
6.2. Dia chi irng dung

Truong Dai hoc Su pham — Dai hoc Thai Nguyén va cac co sd/don vi trén dia
ban tinh Thai Nguyén.
6.3. Tdc dong va lgi ich mang lai ciia két qud nghién ciru
6.3.1. Ddi véi linh vuc gido duc va dao tao

Két qua nghién ctru ciia dé tai s& phuc vu dic luc cho Hoc vién, sinh vién bao vé
thanh c6ng luan vin cao hoc va cac dé tai NCKHSV. Céc két qua nghién ciu s& duoc
cong bé trén cac Tap chi khoa hoc uy tin, gop phan khang dinh két qua nghién cau cua
dé tai. Ngoai ra, cac két qua nghién cau s& duoc van dung trong qua trinh giang day
cua giang Vvién, hoc vién va sinh vién nganh Hoa hoc va la kénh tham khao co gié tri
cho céc hoc vién, sinh vién khoéa sau.
6.3.2. B4i véi linh vuc khoa hoc va céng nghé ¢ lién quan

Dé tai nay lién quan téi nhiéu linh vic khoa hoc: Hoa vé co, hitu co, phan tich,
moi trudng, hoa hoc vat liéu... Két qua nghién ctiu con gop phan xt 1y nudc thai thyc
té, gop phan bao vé moi truong.
6.3.3. D4i véi phét trién kinh té-xa hoi

Dé tai s& gop phan giai quyét van dé xt 1y nuéc thai néi chung va nudc thai caa
céc co s& chan nudi, bénh vién chira cac loai thudc khang sinh néi riéng, gop phan to
I6n vao cong tac bao vé moi truong ¢ dia phuong.
6.3.4. B4i véi t6 chirc chu tri va cac co s¢ tng dung két qua nghién ctu
Dé tai s& gop phan vao cong tac dao tao dai hoc va Sau dai hoc cua trudong Pai hoc Su
pham — Dai hoc Thai Nguyén. Viéc dang tai cac bai bdo trén Tap chi trong va ngoai
nudc s& nang cao vi thé caa Nha trudng, nang cao chat luong do6i ngii va cac san pham

dao tao cua nha truong. Ngay  thang 10 nam 2025
T6 chirc chi tri Chii nhiém dé tai

ul

TS. Vi Van Nhugng



THAI NHUYEN UNIVERSITY
THAI NGUYEN UNIVERSITY OF EDUCATION

RESEARCH RESULTS INFORMATION

1. General information
- Project name: “Synthesis, study of characteristics and ability to treat the antibiotic
Ciprofloxacine in water of hydrotalcite materials modified by Co?*ions”.
- Code: TNUE-2024-13.
- Project leader: Dr. Vu Van Nhuong.
- Host organization: Thai Nguyen University of Education.
- Implementation period: From June 2024 to November 2025 (with 06 months
extension).
2. Objectives
- Synthesize new material samples that can effectively treat the antibiotic
Ciprofloxacine in water environment.
- Evaluate the effectiveness of antibiotic treatment of synthesized material samples.
- Select materials with good activity to study the treatment of actual wastewater
(wastewater from hospitals or livestock facilities).
3. Novelty and creativity
- For the first time, a comprehensive synthesis of the Co?* ion-modified hydrotalcite
and CoAl-LDH double-layer hydroxide materials has been studied. The characteristics
and properties of the synthesized material series have been studied to demonstrate their
high adsorption capacity and photocatalytic activity.
- The synthesized material series all show good ciprofloxacin adsorption capacity. In
particular, the materials 1,5CoMgH, 1,5CoMgH500 in the Co?"\Mg?*s.
nAR*3(0H)2(C0O3%)32.mH20 series and 1,0CoZnH, 2,0C0ZnH500 in the Co%*nZn?*7.
nAlR*3(0OH)2(COs?)32.mH-0 series have high photocatalytic activity when activated by
persulfate.
4. Research results

1. Seven Co?"'1Mg?*7.nAIRP*3(OH)2(CO3%)32.mH20 (coded by nCoMgH)
materials were successfully synthesized by the co-precipitation method with molar
ratios Co:Al = (0-0.5-1.0-1.5-2.0-2.5-3.0):3.0. The materials were systematically
characterized and characterized by physical methods such as XRD patterns, SEM
images, EDS spectra, N2 adsorption/desorption curves, UV-Vis DRS spectra. The best
adsorption efficiency belonged to sample 1.5CoMgH with an adsorption capacity of



158.7 mg/g at pH = 10. The photocatalytic activity of sample 1.5CoMgH was the
highest in the series when using activated persulfate. Sample 1.5CoMgH can treat CIP
10 ppm, 20 ppm with efficiencies reaching 91.9% and 91.5%. The optimal pH
environment for photocatalytic adsorption and degradation of 1.5CoMgH sample was
at pH = 10.0. In addition, the 0.5CoMgH sample showed the best photocatalytic
degradation of CIP in the series with a CIP degradation efficiency of 25 ppm reaching
51.1%. The research results contributed to the publication of 02 articles in the Journal
of Physical, Chemical and Biological Analysis (2024) and the Journal of Catalysis and
Adsorption of Vietnam (2025).

2. Six synthetic materials MgH500, nCoMgH500 were obtained after
calcination at 500 oC for 5 hours from MgH, nCoMgH materials synthesized by the
co-precipitation method. The structural and property characteristics of the six materials
were shown through the results of XRD analysis, SEM images, EDS spectra, N>
adsorption/desorption curves, and UV-Vis DRS spectra. The best 10 ppm CIP
treatment efficiency belongs to sample 1.5CoMgH500 (CIP treatment efficiency in the
range of 72.8 - 79.6% after 300 minutes of investigation). The catalytic activity of
sample 1.5CoMgH500 was enhanced in the presence of S:0s>” 2 mM - 4 mM,
maintained at a high level after 4 uses (CIP treatment efficiency achieved 62.7%). In
addition, the structure of material 1.5CoMgH500 was little changed after three reuses
of the material. The research results were published in 01 article in the Vietnam
Journal of Catalysis and Adsorption (2025).

3. Six uncalcined materials Co?*nZn?*7.,AlI¥*3(OH)2(CO3%)32.mH20 and six
calcined materials modified with Co?* ions were successfully synthesized by the co-
precipitation method. All 12 unburned and calcined materials were characterized and
analyzed by modern physical methods: XRD patterns, SEM images, EDS spectra, N>
adsorption/desorption curves, UV-Vis DRS spectra. Adsorption and photocatalytic
experiments showed that the series of unburned materials performed better than
calcined materials at the same Co:Zn:Al ratio. Specifically, 1.0CoZnH exhibited the
highest CIP degradation (~76% after 300 min), outperforming 2.0CoZnH500 (~71%).
The 10 ppm CIP treatment efficiency was strongly influenced by pH and persulfate
concentration, with optimal conditions near pH 4.0 — 8.0 and 2 mM persulfate. The
research results have contributed to the training of 01 student to write a good thesis
and successfully defend it before the thesis evaluation board in 2025 and publish 01
SCIE Q2 article in Physica Scripta Journal.

4. Six Co?*,AlF*3(0OH)2(C0O3%)32.mH,0 (noted by CoAl-LDH) double layer
hydroxide materials have been successfully synthesized by the co-precipitation method



at the molar ratios Co:Al = (1.0 - 2.0 - 3.0 - 4.0 - 5.0 - 6.0):3.0. All 06 materials were
characterized and analyzed by modern physical methods: XRD diagrams, SEM
images, EDS spectra, N2 adsorption/desorption curves, UV-Vis DRS spectra. The
results of the study on adsorption and photocatalytic activity showed that 2CoAl-LDH
material has the best ability to treat CIP 25 ppm with CIP treatment efficiency
reaching about 80% after 240 minutes of illumination, using 30% H20>. The research
results have contributed to the training of 01 student to do the research topic of the
2024-2025 with good results.

5. Products

5.1. Scientific products

5.1.1. 01 international article in the SCIE category:

Vu Van Nhuong, Vu Thi Hau, Ngo Thi Mai Viet, Tran Thi Hue, Vuong Truong
Xuan* (2025), Enhanced Visible-Light Photodegradation of Ciprofloxacin via Co?*-
Doped Zn-Al LDH with  Persulfate  Activation, Physica  Scripta.
https://doi.org/10.1088/1402-4896/ae0ech.

5.1.2. Articles published in journals with a score of 0.75 or higher:

1. Vu Van Nhuong*, Pham Thi Ha Thanh (2024), Enhanced efficiency of
ciprofloxacin antibiotic treatment in water environment of hydrotalcite materials
modified by Co?* ion, Journal of Analytical Chemistry, Physics and Biology, Vol. 30,
No. 2A/2024 (July 10, 2024), pp. 64-73.

2. Vu Van Nhuong (2025), Enhanced photocatalytic degradation efficiency of
ciprofloxacin in aqueous media of Co?" ion modified MgAl-hydrotalcite materials
using activated persulfate, Vietnam Journal of Catalysis and Adsorption, 14 — issue 3
(2025) 37-43. https://doi.org/10.62239/jca.2025.035.

3. Vu Van Nhuong (2025), Study on the treatment of ciprofloxacin in aqueous

media of calcined materials derived from Co?* modified MgAl-Hydrotalcite, Vietnam
Journal of Catalysis and Adsorption, 14 — issue 3 (2025) 37-43.
https://doi.org/10.62239/jca.2025.035.
3. Vu Van Nhuong (2025), Research on the treatment of ciprofloxacin in aqueous
environment of materials obtained from MgAl-hydrotalcite materials modified by Co?*
ions after calcination, Vietnam Journal of Catalysis and Adsorption, 14 — issue 3
(2025) 98-104. https://doi.org/10.62239/jca.2025.045.



https://doi.org/10.62239/jca.2025.045

5.2. Training products: Student scientific research topics/graduation thesis
5.2.1. Graduation thesis

Dao Khanh Chi (2025), “Synthesis, study of structural characteristics and
properties of ZnAICO3 hydrotalcite materials modified by Co?* ions to treat
ciprofloxacin in aqueous environment”, University graduation thesis has been
classified as excellent grade.
5.2.2. Research topic

Le Huong Giang (2025), “Synthesis of double layered hydroxide materials
modified by Co*" ions and study of properties and ability to treat ciprofloxacin in
aqueous environment”, Research topic has been classified as Good.
5.3. Applied products
5.3.1. 03 series of synthesized materials. Each series of materials is from 3-5 grams of
material (9-15 grams of material). There is a transfer document for 02 units.
5.3.2. 01 actual wastewater treatment technology diagram. There is a transfer
document for 02 units.
6. Transfer method, application address, impact and benefits of research results:
6.1. Transfer method

Transfer synthetic material samples, antibiotic treatment processes in water
environment to educational institutions or units according to the regulations of the
institution or unit. The expected transfer units are Faculties/Universities or high
schools.
6.2. Application address

Thai Nguyen University of Education and other facilities/units in Thai Nguyen
province.
6.3. Impact and benefits of research results
6.3.1. For the field of education and training

The research results of the topic will effectively serve students to successfully
defend their master's theses and research topics. The research results will be published
in prestigious scientific journals, contributing to affirming the research results of the
topic. In addition, the research results will be applied in the teaching process of
lecturers, students and students of Chemistry and will be a valuable reference channel
for students and students of the following courses.
6.3.2. For related fields of science and technology

This topic is related to many scientific fields: inorganic chemistry, organic
chemistry, analysis, environment, materials chemistry... The research results also



contribute to the treatment of actual wastewater, contributing to environmental
protection.
6.3.3. For socio-economic development

The topic will contribute to solving the problem of wastewater treatment in
general and wastewater from livestock farms and hospitals containing antibiotics in
particular, contributing greatly to environmental protection in the locality.
6.3.4. For the host organization and the facilities applying the research results

The topic will contribute to the undergraduate and postgraduate training of the
University of Education - Thai Nguyen University. Publishing articles in domestic and
foreign journals will enhance the position of the University, improve the quality of the
staff and training products of the school.

Date October 2025

Hosting organization Project leader

il

Dr. Vu Van Nhuong



