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11. TOm tit cac két qua moi ctia luan an:

- Ché tao vat lidu t6 hop da thanh phan FexOy/graphene va MnOx/graphene sir dung phuong
phép dién hoa plasma, img dung trong quang xtc tac xir ly mai truong va lam dién cuc si€u tu.

- Vat liéu t6 hop oxit sét, oxit mangan/ graphen dugc minh ching giup ting cudng hiéu
suat phan hiy xanh methylen va kha ning dién hoa ciia vat liéu so v6i vat lieu khong chira
graphen.

- Su két hop dong thoi nhiéu thanh phan nhu graphen, thanh phan quang xuc tac va FesOs
dé tao thanh vt liéu to hop da tinh nang vira c6 hi¢u Suat hép thu quang xuc tac 16n, vira c6 kha
nang thu hdi tir tt, img dung trong xtr Iy moi trudng.

12. Kha ning tmg dung thuc tién:

Nghién ciru nay dinh hudéng ché tao vat liéu to hop da thanh phan sir dung phuong phap
dién hoa plasma. Phuong phap dién hoéa plasma két hop dong thoi qua trinh dong két tia cua
céc hat nano 6 xit trong mdi truong kiém vai qué trinh boc tach graphen thong qua su dién ké
clia cac ion. Nang lugng plasma gitip “gan két” cac hat nano 6 xit voi mang graphen thong qua
cac nhom chirc chira oxy tao thanh vt lidu t6 hop da thanh phan dya trén graphen. Phuong
phap nay dap ung t6t cic yéu cau nhu dé thyuc hién, xay ra & diéu kién thuong, phan tng
nhanh, thiét bi don gian va it gy 6 nhiém thr cip. Mit khac, phuong phap nay cé thé ap dung

dé ché tao nhiéu loai vat liéu td hop dua trén graphen voi cac thanh phﬁn 0 xit khac nhau.



Vit liéu to hop da thanh phan nham tan dung tinh chat wu viét cta timg thanh phan da
dugc dinh hudng tng dung trong nhiéu linh vyc khac nhau. Vi vat liéu t6 hop da thanh phan
dua trén graphen, mang graphen dong vai trd mot “nén” chtra cac hat nano. Vat liéu to hop da
thanh phan dua trén graphene duoc coi nhu mot phuong phap hiru hiéu dé giam su két tu cua
cac hat nano trong dung dich, va lam tang dién tich tiép xuc giita dién cuc va chat dién phan.
Do d6 linh dong hat tai 1én, mang graphen ciing dong vai trd ting kha ning truyén dan dién
tich. Su két hop nhiéu thanh phan vat liéu dang 6 xit tao ra lién két di thé thudn loi cho qua
trinh quang xuc tac phan hiy chat 6 nhiém. Mit khac, sy két hop graphen dwoc minh ching
gitip ting cuong hiéu sudt phan huy va kha ning dién hoa cua vat liéu so véi vat lidu khong
chtra graphen.

Thong thuong, vat liéu quang xtic tac dugc thu hdi qua cac qué trinh ly tam hodc loc.
Thu héi bang cac phwong phép nay thuong ton thoi gian, ton hao vat lidu trong qué trinh thu
hoi. Su két hop thém thanh phan FesOa trong vat liéu to hop da thanh phan dam bao thu hoi dé
dang bang nam cham, do vay khong giy nhiém ban thi cip. Pic biét, su két hop dong thoi
nhiéu thanh phan nhu graphen, thanh phan quang xuc tac va Fe304 dé tao thanh vat liéu t6
hop da tinh ning vira c6 kha ning quang xuc tac, vira ¢6 kha nang thu hoi tir ing dung trong
xtt Iy méi trudng hién nay van con 1 van dé méi ¢ trong nude. S6 lugng cac cong trinh nghién
ctru vé ho vat liéu ndy con rat han ché. Anh hudng cua thoi gian phong dién plasma, luong vat
ligu xtc tac cling duge danh gid. Cac nghién cuu vé dién hoa cling dugc thuc hién thém dé
danh gid kha ndng ing dung.

Hé vat liéu t6 hop graphen/6 xit kim loai duoc dinh hudng tmg dung trong quang xtic
tac xur Iy moi truong va lam dién cuc si€u ty. Cac két qua dat dugc la budc dau tién trong
nghién ctru ché tao vat liéu da thanh phan bang phuong phap dién héa plasma. Cac hé thong
vat liéu v6i cac thanh phan oxit khac nhau dang dugc phat trién dé cai thién hiéu sudt phan huy
quang xuc tac hodc dién hoa cua vat ligu.

13. Cac hudng nghién ctru tiép theo:

Céc nghién ciru ciia luan an 1a budc dau tién trong nghién ciru ché tao vat lidu to hop
graphen/ 6 xit kim loai dinh hudng ing dung trong quang xuc tac xir Iy moi truong va st dung
lam dién cyc siéu tu bang phuong phap dién hoa plasma. Cac két qua nay s& dugc phat trién
hon nira voi cac thanh phan 6 xit khic ¢ dic tinh tot két hop graphen dé ting cuong hiéu suat
cua vat liéu.

Su két hop graphene va vat liéu nano c6 thé dugce nghién ctru cho cac tmg dung cam

bién do nhay cao.



14. Cac cong trinh cong bé lién quan dén luan an:

[1]. Nguyén Long Tuyén, Pham Qudc Triéu, Nguyén Ngoc Dinh, Ha Xuan Linh, Phan Ngoc
Hong, Phan Ngoc Minh, Pang Van Thanh (2020), "Ché tao vat liéu t6 hop graphen/MnsOa
bang phuong phap héa siéu 4m két hop plasma ung dung cho quang xdc tac phan hay thudc
nhuom da cam trong nudc”, Vietnam J. Chem. 58 (6E12), 196-200.

[2]. Nguyén Long Tuyén, Pham Quéc Triéu, Nguyén Ngoc Binh, Nguyén Quéc Diing, Lé
Trong Lu, Phan Ngoc Minh, Nguyén Dinh Diing, Nguyén Tuan Hong, Phan Ngoc Hong
(2020), "Nghién ciru ché tao vat liéu to hop MnsOa/graphen bang phuwong phap dién hoa
plasma duéi su hd tro cua siéu am dinh huéng ung dung lam dién cuc cho siéu ty", Vietnam J.
Chem. 58 (5E12), 265-2609.

[3]. Nguyén Long Tuyén, Pham Québc Triéu, Nguyén Ngoc Binh, Nguyén Thanh Trung
(2021), “Ché tao vat liéu composite graphene/MnO2 bang phuong phép dién héa c6 sy hd tro
cua plasma @ng dung trong quang xGc tac phan huy thudc nhuém cam trong nudc”,
Proceeding of Advances in Optics, Photonics, Spectroscopy & Applications XI.

[4]. Nguyen L.T., Pham Q.T., Nguyen N.D., Nguyen T.T., Dang V.T. (2022), "Synthesis of
MnO2/Graphene Nanocomposites using Plasma Electrolysis Method for Photocatalytic
Degradation of Methyl Orange Dye in Water", VNU Journal of Science: Mathematics-Physics
Vol. 38 (2). https://doi.org/10.25073/2588-1124/vnumap.4679

[5]. Tuyen N.L., Toan T.Q., Hung N.B., Trieu P.Q., Dinh N.N., Do D.B., Van Thanh D.,
Nguyen V.-T. (2023), "Simultaneous precipitation and discharge plasma processing for one-
step synthesis of a-Fe>Os-Fe3Os/graphene visible light magnetically separable photocatalysts”,
RSC advances Vol. 13 (11), pp. 7372-7379. Doi: 10.1039/D2RA06844C.

Ngay thang  nam 2023

Nguoi huwéng din luin an Nghién ctru sinh

Huéng din 2 Hwéng din 1

TS. Nguyén Ngoc Pinh PGS. TS. Pham Quéc Triéu



INFORMATION ON DOCTORAL THESIS

1. Full name: NGUYEN LONG TUYEN 2. Sex: Male
3. Date of birth: 13/02/1980 4. Place of birth: Phu Tho

5. Admission decision number: No. 3972/Qb-DHKHTN dated 24/11/2016, by Rector of VNU
University of Science.

6. Changes in academic process: Extension decisions number 567/QBb-BDHKHTN dated
14/2/2020 and 318/Qb-DHKHTN dated 01/2/2021 by Rector of VNU University of Science.

7. Official thesis title: Fabrication and investigation of some properties of iron and manganese
metal oxides/graphene composite nanomaterials

8. Major: Solid State Physics 9. Code: 9440130.02
10. Supervisors: Supervisors 1: Assoc. Prof. Dr. Pham Quoc Trieu

Supervisors 2: Dr. Nguyen Ngoc Dinh
11. Summary of the new findings of the thesis

- Fabrication of FexOy/graphene and MnOyx/graphene multicomponent composite
materials using plasma electrochemical method, applied in photocatalysts for
environmental treatment and as supercapacitor electrodes.

- The iron oxide, manganese oxide/graphene composites materials have been shown to
enhance the MB decomposition efficiency and the electrochemical properties compared
with the non-graphene materials.

- Simultaneous combination of many components such as graphene, photocatalyst and
FesOs to form a multi-functional composite material with both high photocatalytic
absorption efficiency and good magnetic recovery, applications in environmental
treatment.

12. Paratical applicability, if any:

The research's aims is to fabricate multi-component composite materials using plasma
electrochemical method. The plasma electrochemical method combines the co-precipitation of
oxide nanoparticles in an alkaline environment with the chemical exfoliate graphene through
the interstitial filling of ions. The plasma energy helps "bind" the oxide nanoparticles to the
graphene film through oxygen-containing functional groups to form a graphene-based
multicomponent composite material. This approach corresponds the requirements for easy

operation, happening in normal conditions, quick reaction, simple equipment, and little



secondary pollution. On the other hand, this approach may be used to create a wide range of
graphene-based composites with varying oxide components.

Multi-component composite materials to take advantage of the superior properties of
each component have been applied in many different fields. With graphene-based
multicomponent composites, the graphene film serves as a "substrate” containing the oxide
nanoparticles. Graphene-based multicomponent composites are considered to be an effective
method for reducing nanoparticle aggregation in solution and increasing the range of contact
between the electrode and the electrolyte. Due to the large carrier mobility, the graphene film
also plays a role in increasing the charge transfer capacity. The combination of many oxide
materials creates heterogeneous bonds that are favorable for the photocatalytic degradation of
pollutants. On the other hand, compared to non-graphene materials, it has been demonstrated
that the combination of graphene improves the material's degrading performance and
electrochemical properties.

Typically, the photocatalytic material is recovered through centrifugation or filtration
processes. Recovery by these methods is often time-consuming and wastes material during the
recovery process. The presence of FesO4 in the multicomponent composite provides simple
recovery by magnets, resulting in no secondary contamination. In particular, the combination
of many components such as graphene, photocatalyst and FesO4 at the same time to form a
multifunctional composite material with both good photocatalytic ability and magnet recovery
ability, applied in environmental treatment and is still a new problem in the country. The
quantity of investigations on this material family is very limited. The effect of plasma
discharge time, amount of catalyst material was also evaluated. Further electrochemical studies
were also performed to evaluate applicability.

The graphene/metal oxide composite material system is oriented for application in
photocatalysts for environmental treatment and as supercapacitor electrodes. The obtained
results are the first step in the research to fabricate multi-component materials by plasma
electrochemical method. Materials systems with varied oxide components are being developed

to improve the photocatalytic or electrochemical degradation performance of the materials.
13. Further research directions, if any

The research of the thesis is the first step in the research and fabrication of
graphene/metal oxide composites by plasma electrochemical method, which is applied in

photocatalysts for environmental treatment and as supercapacitor electrodes. These results will



be further developed with other well-characterized oxide components incorporating graphene
to enhance the material's performance.
The combination of graphene and nanomaterials can be investigated for high-sensitivity

sensing applications.
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