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2. Muc tiéu

- Ché tao thanh cong cac vat liéu quang xtc tac nano Zn0O, Fes0, trén nén cacbon
tir phu pham nong nghiép bang phuong phap héa hoc uot.

- Ung dung vat liéu quang xtc tac, ché tao dugc dé xur li ton du thudc khang
sinh (nhém quinolone va nhém sulfonamid: Ciprofloxacin, Sulfamthoxazole...) trong
nudc thai (chan nuéi/bénh vién)

3. Tinh md¢i va sang tao

- Vit liéu cacbon xdp (nanocompozit SiO,/C - RH) ¢6 dién tich bé mit cao
(521,35 m?/g), thé tich 15 xbp 16n (5,2196 cm®/g) 1an dau tién dwoc ché tao tir vo trdu
theo hudng hoa hoc xanh, nhanh chong, dé dang thong qua ki thuat 1am ngudi va

nghién.

- Vat liéu quang xtc tdc nano ZnO, Fe30, trén nén cacbon Xép (RH) ché tao
dugc c6 kha ning xir 1i tot khang sinh (Ciprofloxacin, Sulfamthoxazole) tén du trong
nudc thai chan nudi/bénh vién dat tiéu chuan xa thai QCVN 40:2011/BTNMT. San
pham phan huy céc chat khang sinh Ciprofloxacin, Sulfamthoxazole bang phuong
phéap quang xdc tac than thién véi moi truong.

4, Két qua nghién ctru

- P& ché tao thanh cdng than trau sinh hoc theo phuong phap hoa xanh, nhanh
chong cho d6 x6p cao, dién tich bé mat riéng 16n tir vo trau.

- P ché tao thanh cong vat liéu nano ZnO, Fe;0O, trén nén cachon xép (RH)
theo phuong phap dong két tua c6 su hd trg cua siéu am.

- Pi nghién ciu céc tinh chat 1i hoa: dic trung cau tric, thanh phan hoa hoc,
hinh thai bé mit, kich thudc hat, do tir bdo hoa cua cac vat liu bang phwong phap
XRD, EDX, SEM, TEM, BET, tir ké rung, FT-IR, Raman, XPS...Két qua cho thiy, cac
vat lidu déu co cau trac, thanh phan, kich thuéc va tinh chat Ii héa phu hop vai cong
thire va tinh chét caa chang.

- Pi nghién ciru anh huong cua cac yéu té khac nhau nhu pH dung dich, nong
d6 dau cua céac chat khang sinh, khéi luong vat lidu dén hiéu suét xir Ii cac chat khéang
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sinh CIP, SMX. Két qua cho thay, cac yéu td nay anh huang kha nhiéu dén hiéu suat
xtr li khang sinh cua vat liéu.

- D4 nghién ctiru va dé xuét co ché qué trinh phan hay khang sinh CIP, SMX
trong nudc, san pham sau xir Ii khang sinh than thién thién méi truong.

- ba tng dung vat licu RHZ, RHF xtr 1y nudc chira khang sinh cta thai bénh
vién va nudi tom, két qua cho thiy hiéu suit xir 1i khang sinh déu dat >90%.

- Pi thiét ké, lap dat va van hanh hé théng xir Iy nuéc thai chira khang sinh caa
bénh vién theo cdng nghé quang xuc tac hap phu véi cac diéu kién di 1ap o trén, st
dung vat liéu RHZ, RHF. Hi¢u qua xir Iy dat QCVN40-2011/BTNMT
5. San pham
5.1. San pham khoa heoc (cac bai bao céng bd)

5.1.1. Bai bao qudc té : 02 bai Q1

1. Tran Quoc Toan, Do Tra Huong, Tran Kim Ngan, Le Phuoc Anh, Nguyen
Thi Thuy, Nguyen Nhat Huy, Dang Van Thanh, Nguyen Manh Khai, Nguyen Thi Mai
(2023), Green and facile synthesis of porous SiO2@C adsorbents from rice husk:
preparation, characterization and its application in removal of Reactive Red 120 in
aqueous solution. ASC Omega, 8(11), 99049918 (SCIE, Q1, IF=4,132) (acepted 28-
2-2023), https://doi.org/10.1021/acsomega.2c07034

2. Tran Quoc Toan, Nguyen Thi Mai, Hoang Minh Trang, Nguyen Van Hao,
Do Danh Bich, Dang Van Thanh (2023), A facile one-spot method to produce
magnetic recyclable Fe;O4/rice huck biochar photocatalysts for ciprofloxacin
photodegradation in aqueous solution , RSC Advance (SCIE, Q1, IF=4,036) (acept
ngay 30/3/2023)

5.1.2. Bai bao trong nwoc: 03

3. Tran Quéc Toan, Pong Puc Thién (2022), Tong hop vat liéu nano ZnO trén
nén than sinh hoc ing dung phéan huy khang sinh trong méi truong nude, Tap chi Phan
tich Hoa, Ly va Sinh hoc, 27(3), tr. 78-83.

4. Tran Quéc Toan, Mai Thi Phuong Ly, Tran Thi Phuong Anh, Ha Xuan
Linh, Ping Vin Thanh, Nguyén Manh Khai, Nguyén Nhat Huy, Nguyén Thi Mai
(2022), Nghién ctru ché tao vat liéu té hop cau tric nano than trau/Fe;O, bang phuong
phap hoa siéu &m va quang xuc tac xi Iy khang sinh Sulfamethoxazole trong nudc thai
bénh vién qui md thi nghiém, Tgp chi Néng nghiép va Phat trién nong thon, thang
712022, tr. 73-79, ISSN: 1859-4581

5. Tran Quéc Toan, Téng Thi Loan (2022), Nghién ctu téng hop vat liéu
ZnO-Biochar bang phuong phap hoéa siéu am, tng dung dé thir nghiém xir ly khang
sinh Ciprofloxacin trong nudc, Tgp chi Phan tich Hoa, Ly va Sinh hoc, 27(4)

5.2. San pham dao tao
- Hwéng dan 04 luan viin thac si:

1. Téng Thi Loan (2022), Nghién ctu ché tao vat liéu nano ZnO trén nén than
hoat tinh ing dung xtr 1i Ciprofloxacin trong moi truong nuwdc. Luan van thac si,
Truong Pai hoc Su pham — Dai hoc Thai Nguyén.
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2. Mai Ha Quynh Anh (2022), Tong hop, nghién ciu tinh chat phic chat hdn
hop phéi tir Genzoic va 2,2’-dipiridyl N-oxit cua mot sé nguyén té dat hiém nhe. Luan
van thac si, Truong Pai hoc Su pham — DPai hoc Thai Nguyén.

5.3. San pham &ng dung

- 5 kg Vat liéu td hop nano ZnO, Fe;0O, trén nén cacbon.

- 01 M6 hinh hé théng xt 1y khang sinh trong nudc thai (chin nudi/bénh vién)
qui md phong thi nghiém cong suét 50 lit/ngay dém

- 01 Quy trinh cong nghé xtr 1y khang sinh trong nudc thai (chan nudi/bénh
vién) bang hap phu va quang xuc tac.

6. Phuong thirc chuyén giao, dia chi ing dung, tac dong va lgi ich mang lai cia
két qua nghién ciru
6.1. Phwong thirc chuyén giao

Két qua nghién cau cua dé tai gom cac vat lieu nano ZnO, Fe;O, trén nén
cacbon, quy trinh xir Iy ton du thudc khang sinh trong nudc thai ¢é thé chuyén giao
cho cac co s& chan nu6i, bénh vién.

6.2. Dia chi wng dung

- Bénh vién trén dia ban tinh Thai Nguyén (bénh vién Truong Pai hoc Y Duogc-
Théai Nguyén ...)

- Trang trai chan nudi trén dia ban tinh Thai Nguyén

- Ngoai ra, két qua nghién ctru ctia dé tai s& 1a tai liéu tham khao quan trong cho
sinh vién, hoc vién cao hgc, nghién ctru sinh nganh hoéa hoc, hdéa méi truong, cong
nghé hoa hoc.

6.3. Tac dong va loi ich mang lai cia dé tai
6.3.1. P6i véi linh vire gido duc va dao tao:

Dé tai da gop phan dao tao 04 Thac sy chuyén nganh Hoéa hoc, dong gop vao
su phét trién gido duc va dao tao cia Pai hoc Thai Nguyén. Két qua nghién ciu cua
dé tai 1a tai liéu phuc vu nghién ctru, dao tao sinh vién, hoc vién cao hoc nganh hoa
hoc, héa moéi trudng, khoa hoc vat liéu. Dic biét bdi dudng kha ning nghién ctru cua
cac giang vién tré, gop phan nang cao chat lugng, hiéu qua dao tao va nghién ciu
khoa hoc cua Truong Pai hoc Su pham - Dai hoc Thai Nguyén.

6.3.2. Poi véi linh vire khoa hoc va cong nghé c6 lién quan:

- Két qua cua dé tai 1a tai liéu tham khao cho cac don vi nghién ciu, co s&
chan nudi, bénh vién

- Két qua nghién ciru cia dé tai duoc cong bd trén cac tap chi khoa hoc chuyén
nganh uy tin va trén tap chi quéc té. Pay ciing 1a co hoi tot dé mé rong hop tac véi cac
trurong, trung tdm nghién cuu ¢ Viét Nam va nudc ngoai.

6.3.3. P6i véi phat trién Kinh té - xa hoi:

- Pé tai nghién ctu, thir nghiém thanh cong sé c6 ¥ nghia vé kinh té - xa hoi, gop
phan dua khoa hoc ¢6ng nghé gan lién vai cong tac bao dam phat trién kinh té 6n dinh,
bén viing, bao vé méi truong.

- Ap dung thanh cong két qua nghién ctru dé xu Iy ton du thude khang sinh trong



nudc thai s& dong gop mot cong nghé xir Iy méi truong mai dat tiéu chuan xa thai quy
dinh, c6 gia thanh hop Ii.

6.3.4. Poi v6i to chire chii tri va cac co sé ing dung két qua nghién ciru:

- P6i vi 16 chike chii tri, cd nhdn tham gia thyc hién dé tai:

+ Nang cao trinh d6 nghién ctru, cai tién cong nghé cho cic can bd tham gia thuc hién
dé tai trong linh vuc xir Iy tdn du khang sinh trong nude thai néi riéng va céng nghé xur
Iy moi1 truong ndi chung.

+ Két qua nghién ctru cua dé tai 1a tai liéu phuc vu nghién ciru, dio tao sinh vién,
hoc vién cao hoc nganh su pham ctir nhan héa hoc cua Truong Pai hoc Su pham -
bai hoc Thai Nguyén.

+ Cac cong trinh cong bd trong nudc va quoc t& s& gop phan nang cao chat luong
nghién ctru ctia cac giang vién tré, gop phan nang cao chat luong, hiéu qua dao tao va
nghién ctru khoa hoc ctia Pai hoc Thai Nguyén, tiép can véi trinh d6 nghién ctru khoa
hoc ctia khu vuc va thé gidi.

- P6i véi co 6 tng dung két qud nghién ciru

+ Nang cao dugc chét luong, 6n dinh cong nghé, giam gia thanh 1a nhiing diéu

kién quan trong ap dung cong nghé vao thuc tién cta cic cong ty san xuat.

+ Két qua cta dé tai s& 12 hudng nghién ctru va trién khai 1au dai nham phuc vu cho

viéc st dung vat liéu quang x1c tac két hop hép phu nano ZnO, Fe30, trén nén cacbon,
g6p phan lam sach va bao vé mdi truong.
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1. General information

Project title: Research on fabrication of ZnO, Fe;O, nanophotocatalyst
materials on carbon base to treat antibiotic residues in wastewater.
Code: B2021- TNA-15

Project leader: Dr. Tran Quoc Toan
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Phone: 0978.553.908

Host institution: Thai Nguyen University

Implementation period: From January 2021 to December 2022
2. Goals

- Fabrication of ZnO, Fe;0, nanophotocatalyst materials based on carbon from
agricultural by-products by wet chemical method.

- Application of photocatalyst materials, manufactured to treat residues of
antibiotics ~ (quinolone  group and  sulfonamide group: Ciprofloxacin,
Sulfamthoxazole...) in wastewater (animal husbandry/hospital)

3. Novelty and creativity

- Porous carbon material (nanocomposite SiO,/C - RH) with high surface area
(521.35 m2/g), large pore volume (5,2196 cm3/g) was first made from rice husk. in the
direction of green chemistry, quickly and easily through cooling and grinding
techniques.

- The fabricated ZnO, Fe3;0, nanophotocatalyst materials on a porous carbon
(RH) base have good ability to treat antibiotics (Ciprofloxacin, Sulfamthoxazole)
residues in livestock/hospital wastewater meeting discharge standards QCVN 40
:2011/BTNMT. The product decomposes the antibiotics Ciprofloxacin,
Sulfamthoxazole by environmentally friendly photocatalytic method.
4, Research results
- Successfully made bio-husk charcoal by greening method, quickly for high porosity,
large specific surface area from rice husk.
- Successfully fabricated ZnO, Fe;O4 nanomaterials on porous carbon (RH) base by
ultrasonic-assisted co-precipitation method.
- Studied physicochemical properties: structural characteristics, chemical composition,
surface morphology, particle size, saturation magnetism of the materials by XRD,
EDX, SEM, TEM, BET methods, vibrating magnetometer, FT-IR, Raman, XPS...The
results show that the materials have structure, composition, size and physicochemical
properties consistent with their formula and properties.



- Researched the influence of different factors such as solution pH, initial
concentration of antibiotics, weight of materials on the treatment efficiency of CIP,
SMX antibiotics. The results show that these factors greatly affect the antibiotic
treatment efficiency of the materials.

- Researched and proposed a mechanism for the decomposition of CIP and SMX
antibiotics in water, environmentally friendly antibiotic products after treatment.

- Using RHZ and RHF materials to treat antibiotic-containing water from hospital
waste and shrimp farming, the results show that antibiotic treatment efficiency is
>90%.

- Designed, installed and operated the hospital's antibiotic-containing wastewater
treatment system by photocatalytic adsorption technology with the conditions set out
above, using RHZ, RHF materials. Treatment efficiency reaches QCVN40-
2011/BTNMT

5. Products

5.1. Scientific products:

1. Tran Quoc Toan, Do Tra Huong, Tran Kim Ngan, Le Phuoc Anh, Nguyen
Thi Thuy, Nguyen Nhat Huy, Dang Van Thanh, Nguyen Manh Khai, Nguyen Thi Mai
(2023), Green and facile synthesis of porous SiO2@C adsorbents from rice husk:
preparation, characterization and its application in removal of Reactive Red 120 in
aqueous solution. ASC Omega, 8(11), 9904-9918 (SCIE, Q1, 1F=4,132) (acepted
February 28, 2023), https://doi.org/10.1021/acsomega.2c07034

2. Tran Quoc Toan, Nguyen Thi Mai, Hoang Minh Trang, Nguyen Van Hao,
Dang Van Thanh (2023), A facile one-spot method to produce magnetic recycled
Fe304/rice huck biochar photocatalysts for ciprofloxacin photodegradation in agueous
solution , RSC Advance (SCIE, Q1, 1F=4,036) (accept 30/3/2023)

3. Tran Quoc Toan, Dong Duc Thien (2022), Synthesis of zno nanomaterials
on biochar and application of antibiotic degradation in aqueous solution, Journal of
Analytical Sciences, 27(3) , p. 78-83.

4. Tran Quoc Toan, Mai Thi Phuong Ly, Tran Thi Phuong Anh, Ha Xuan
Linh, Dang Van Thanh, Nguyen Manh Khai, Nguyen Nhat Huy, Nguyen Thi Mai
(2022), Research and manufacture nanostructured composite materials Rice husk
charcoal/Fe304 by ultrasonic chemistry and photocatalytic treatment of
Sulfamethoxazole antibiotics in hospital wastewater on experimental scale, Journal of
Agriculture and Rural Development, July 2022, p. 73-79, ISSN: 1859-4581

5. Tran Quoc Toan, Tong Thi Loan (2022), Research on synthesis of ZnO-
Biochar materials by ultrasonic chemistry method, application to test treatment of
antibiotics Ciprofloxacin in water, Journal of Analytical Sciences, 27(4).

5.2. Training products

- Guide to 04 master's theses:

1. Tong Thi Loan (2022), Research and manufacture ZnO nanomaterials based
on activated carbon using Ciprofloxacin treatment in water environment. Master's
Thesis, University of Education - Thai Nguyen University.



2. Mai Ha Quynh Anh (2022), Synthesis and study of complex properties of
Genzoic ligands and 2,2'-dipiridyl N-oxides of some light rare earth elements. Master's
Thesis, University of Education - Thai Nguyen University.

5.3. Application products

- 5 kg of ZnO, Fe;0, nanocomposite materials on carbon base.

- 01 Model of antibiotic treatment system in wastewater (animal
husbandry/hospital) laboratory scale with capacity of 50 liters/day

- 01 Technological process of antibiotic treatment in wastewater (animal
husbandry/hospital) by adsorption and photocatalysis.

6. Method of transfer, application address, impact and benefits of research results
6.1. Transfer method

Research results include carbon-based ZnO and Fe;O, nanomaterials, and the
antibiotic treatment process in wastewater can be transferred to livestock facilities and
hospitals.

6.2. Application address

- Hospital in Thai Nguyen province

- Livestock farms in Thai Nguyen province

- This research result is a reference for students, graduate students, PhD
students in chemistry, environmental chemistry, chemical technology.

6.3. Impact and benefits of the project
6.3.1. For the field of education and training:

The project has contributed to training 04 Masters in Chemistry, contributing to
the development of education and training of Thai Nguyen University. The results of
this study are documents for research and training of students and graduate students in
chemistry, environmental chemistry, and materials science. Fostering the research
ability of young lecturers, contributing to improving the quality and effectiveness of
training and scientific research of Thai Nguyen University of Education.

6.3.2. For relevant science and technology fields:

- The results of the project are references for research units, breeding facilities,
and hospitals

- The research results of the topic are published in prestigious specialized
scientific journals and in international journals. This is also a good opportunity to
expand cooperation with universities and research centers in Vietnam and
internationally.

6.3.3. For socio- economic development:

- Successful research and experiment project will have socio-economic
significance, contributing to bringing science and technology associated with the work
of ensuring stable and sustainable economic development, and environmental
protection.

- Successfully applying research results to treat antibiotic residues in
wastewater, which will contribute to a new environmental treatment technology that
meets the prescribed discharge standards and is reasonably priced.



6.3.4. For the lead organization and research results application establishments:

- For the lead organization and individual participating in the project
implementation:

+ Improve the level of research for staff participating in the implementation of
the topic in the field of antibiotic residue treatment in wastewater in particular and
environmental treatment technology in general.

+ The research results of the project are documents for the research and training
of students and graduate students in pedagogy with a bachelor's degree in chemistry of
the University of Pedagogy - Thai Nguyen University.

+ Nationally and internationally published works will contribute to improving
the research quality of young lecturers, contributing to improving the quality and
effectiveness of training and scientific research of Thai Nguyen University,
approaching with the scientific research level of the region and the world.

+ For the basis of application of research results:

+ Improving quality, stabilizing technology, reducing costs are important
conditions for applying technology to the practice of manufacturing companies.

+ The results of the project will be a long-term research and development
direction to serve the use of photocatalyst materials combining ZnO, Fe;O, nano-
adsorption on carbon, contributing to cleaning and environmental protection.



