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11. Tom tat cac két qua mdi cua luédn an:
Muc dich va doi twong nghién cuu cua ludn dn

e Nghién ctru dé tim ra quy trinh ché tao thanh cong cac vat litu TiOz:Fe*”,
SnO2:Fe**, TiO2:Fe*/Sn0,2-0Vs va OVs-Ti02/g-C3Na4 ¢b cac tinh chat nhu mong
mudn nham ting cuong va md rong kha ning ing dung ctia chiung vao thyc té.

e Panh gia sy anh huong cua diéu kién ché tao mau, ndng do tap chat Fe>* dén cac
tinh chét cAu trac, hinh thai hoc, tinh chit quang va quang dién céac vat li¢u
TiO2:Fe**, SnO2:Fet, TiO2:Fe**/Sn0,-OVs va OVs-TiO2/g-C3Na.

e Tim cac diéu kién tdi wu cho hiéu qua quang xuc tic tot nhat cua cac vat lidu
TiO2:Fe**, SnO2:Fe**, TiO2:Fe**/Sn0,-OVs va OVs-Ti02/g-C3N4 qua khao sat
su phan huy cac chat 6 nhiém RhB hodc CIP trong méi truong nudc dudi su kich
thich cua anh sang.

Cdc phuwong phap nghién ciru da su dung

e Luan an st dung phuong phap thuy nhiét dé ché tao cac hé mau

e Phan tich cAu tric tinh chit cta vat liéu da ché tao béng cac cong cu hién dai nhu
gian dd nhiéu xa tia X, phé tan xa Raman, anh FESEM, anh TEM, Pho XPS.....

e Su dung tinh toan 1y thuyét DFT dé phan tich cau triic dién tir cia cac hé vat lidu

Cdc két qua chinh



D3 nghién clru va tim ra cac quy trinh ché tao thanh cong cac vat liéu TiO2:Fe*”,
Sn0,:Fe**, TiO2:Fe**/Sn0,-0OVs va OVs-TiO,/g-C3N4 v6i cac nong do tap Fe*
khéc nhau.

Tap chit Fe’* gy ra hién twong gidn mang, mé rong va dich chuyén cac mode
Raman dic trung cta TiO, va ting cudng qué trinh chuyén pha TiO: tir anatase
thanh rutile & diéu kién nhiét d6 thip. Mau TiOa pha tap Fe** voi ndng do 4 Y%mol
duoc tim thay c6 hiéu suit phan huy RhB cao nhit, cao hon mau TiO, khong pha
tap khoang 1,78 lan.

Tap chat Fe** lam giam céc thong s hang s6 mang, khién cdc mode Raman bi
mo rong va mat d6 dong quang dién cua SnOs tang dang ké; tao cac muc nang
luong moi trong vung cam cua SnOx. Mau SnFe3 thé hién hiéu suit phan huy
CIP cao nhét, dat 98,23% sau 120 phut t1ep xUc v6i1 anh sang, cao hon 18,6 lan
so v61 SnO2 khong pha tap.

Céc két qua nghién ctru vé chuyen tlep di thé TiO»: F ¢**/Sn0,-OVs giup dua ra
mot phuong phap tiém nang dé thiét ké cac chuyen tlep di thé S-scheme cho qua
trinh photo-Fenton hiéu qua. Trong cdc mau, chuyén tiép di thé pha tap Fe** voi
ndéng do 7 %mol c6 hoat tinh quang xuc tac cao nhét v6i hang s6 téc do phan Gmg
bang 17,03 x 102 min™', cao hon 8,4 1an so véi cac don chat SnO2-OVs va 2,1
1an so v&i TiO pha tap Fe** cung ndng do.

Viéc md rong nghién ciru trén ddi tugng chuyén tiép di thé OVs-TiOa/g-C3Na
vira gitip phan huy chéit gdy 6 nhiém RhB hiéu qua vira tao ning lugng xanh khi
Ha. Trong cac miu, OVs-TCN10 cho hoat tinh quang xuc tac cao nhat, voi hang
s6 toc d6 0,021 phut™!, cao hon 12,17 14n so voi g-C3N4 va 5,75 1an so véi OVs-
TiO,. Tc do san xuat Hy d6i voi OVs-TCN10 bang 150 umol h' va AQY bang
15,4% dudi anh sdng c6 budc song 420 nm. Céc gia tri nay cao hon khoang 9 va
3 1an so v6i cac don chat OVs-TiO, va g-C3Na.

Bang cach két hop phan tich cac két qua thuc nghiém va tinh toan DFT, vai tro
ctia OVs, tdm tap Fe’* dén su tang cuong hi¢u sudt quang xuc tac cua cac vat liéu
da duoc lam rd. Qua trinh truyén dién tich trén cac 10p cdu trac di thé da duoc
nghién ctru. Cac co ché quang xuc tac cua cac hé vat liéu da duoc xay dung. Bo
6n dinh va kha ning tai st dung ctia cac vt lidu quang xuc tac di duoc danh gia.

Dong gop moi cua lugn an

D3 xiy dung va tdi wu quy trinh tong hop cac vat liéu quang xtc tic moi
(TiO2:Fe*t, Sn02:Fe**, TiO2:Fe**/Sn02-OVs va OVs-TiO2/g-C3Na)voi kiém soat
hiéu qua noéng do tap Fe** va khuyét oxy, lam 16 vai trd ciia chiing trong diéu
chinh cdu tric va ting cudng hoat tinh quang xuc tac.

Phat hién vai tro trung tdm hoat tinh cua Fe** trong viéc hinh thanh cac mirc nang
lugng méi, thuc déy qua trinh tach va truyén dién t, lam gidm tai hop e —h"*, tu
d6 nang cao hiéu sut quang xiic tic trong phan hiy chat 6 nhiém hiru co va san
sinh hydro.

Lan dau tién thiét 1ap thanh cong hé chuyén tiép di thé S-scheme trén nén vt liéu
pha tap Fe** va khuyét oxy, ching minh hiéu qua vuot trdi trong tng dung photo-
Fenton xtr Iy 6 nhiém hitu co va san xuit ning luong xanh.

Két hop thuc nghiém va tinh todn DFT dé 1am 3 co ché truyén tai dién tich, xay
dung so d6 co ché quang xuc tac phit hop cho timg hé vat liéu.



Két lugn

b3 nghién clru va tim ra quy trinh ché tao thanh cong céac vt liéu TiO2:Fe’”,
SnO,:Fe**, TiO2:Fe**/Sn02-OVs va OVs-Ti02/g-C3Na.

Tap chat Fe’* giy ra hién twong giin mang, mé rong, dich chuyén cic mode
Raman dic trung ctia TiO» va ting cudng qué trinh chuyén pha TiOs tir anatase
thanh rutile & ngay diéu kién nhiét d6 thap. Sau 120 phut chiéu anh sang kha
kién, cac két qua khao sat da chi ra mau TiO2:Fe** 4 %mol Fe** cho hiéu suat
phan hity RhB cao nhat, dat 58,80%, cao hon mau TiO» khong pha tap 1,78 lan.

Tap chit Fe** 1am giam céc thong sé hang s6 mang, khién cic mode Raman bi
mo rong va khién mat do dong quang dién cua SnO: tang dang ké; tao cac murc
nang lugng moi trong vung cam cua SnOz. Sau 120 phat chiéu anh sang UV,
mau SnO2:Fe** 6 %mol Fe** cho hiéu suat phan huy CIP cao nhat, dat 98,23%,
cao hon mau SnO, khong pha tap 4,79 lan.

Tap chat Fe** lam tang ty 1€ ham lugng thanh phan pha SnO> so vé6i TiO; trong
cac mau TFS-X; 1am gidm ning luong ving cAm quang. V&i su c6 mit cliia HzOz,
hoat tinh xtic tac photo-Fenton ddc biét cia Fe-Ti0,/Sn0>-OVs da dugc thé hién
d6i v6i qua trinh phan hiy RhB duéi anh sang kha kién. Mau TFS-7 ¢6 hiéu suat
loai bé RhB cao nhét, dat 95,5% trong 180 phut véi hang s6 téc do phan ung
ctia mau TFS-7 xéac dinh bang 17,03 x 1073 phat™!, cao hon 8,4 1an so v&i SnO»-
OVs va 2,1 lan so véi TF-7.

Nong d6 OVs trong chuyén tiép di thé OVs-TCN c¢6 thé diéu khién duoc bang
viéc thay dbi ty 1¢ khoi lugng gitra g-C3N4 va TiO». Hiéu suat quang xiic tac
phan hity RhB ctia OVs-TCN10 dat 97,2%, v6i hang s6 toc d6 biéu kién 14 0,021
phat™, cao hon 12,17 1an so voi g-C3Na va 5,75 1an so voi OVs-TiOa. Pang chi
¥, trong san xuat Ha khi str dung OVs-TCN10 dat dugc toc dd 150 pmol h™! va
AQY bing 15,4% duéi anh sang c6 bude séng 420 nm.

12. Cac hudng nghién ctru tiép theo:

Str dung vat li¢u da ché tao dugc nghién ctru thtr nghiém hi€u qua cia hé S-
scheme Ternary. Hé S-scheme ternary 1a cau tric di thé ba thanh phan véi cau
tric ving nang lugng duoc thiét ké so le nhau nham tao ra hiéu qua gap doi vé
kha nang oxy hoa khur cua vat liéu cAu trac di thé.

Két hop vat liéu SnO», TiO» da ché tao dugc véi cac vat lidu khac dé nghién ciru
ung dung pin Zinc-Air va siéu tu di¢n.
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11. Summary of the new findings of the thesis:

e Developed and optimized synthesis protocols for new photocatalytic materials
(TiO2:Fe**, SnO2:Fe¥, TiO2:Fe*'/Sn0,-OVs va OVs-TiO2/g-C3N4)  with
effective control over Fe*" doping concentration and oxygen vacancy content,
thereby clarifying their roles in structural modulation and enhancement of
photocatalytic activity.

o Identified the pivotal role of Fe*" as an active center in generating new energy
levels, promoting charge separation and transfer, reducing e —h* recombination,
and consequently improving photocatalytic efficiency for organic pollutant
degradation and hydrogen evolution.

e Established, for the first time, S-scheme heterojunction systems based on Fe*'-

doped and oxygen-vacancy-enriched materials, demonstrating outstanding



performance in photo-Fenton applications for organic pollutant removal and
green energy production.

Combined experimental investigations with DFT calculations to elucidate the
charge transfer mechanisms, constructing appropriate photocatalytic mechanism

diagrams for each material system.

12. Futher research directions:

13.

The synthesized materials have been utilized to experimentally evaluate the
effectiveness of the S-scheme ternary system. The S-scheme ternary system is a
heterojunction structure composed of three components, in which the energy
band alignment is designed in a staggered manner to achieve a synergistic
enhancement—doubling the redox capability of the heterostructured material.
The synthesized SnO; and TiO: materials have been combined with other
materials to investigate their potential applications in zinc—air batteries and
supercapacitors.

Thesis-related publications

Trinh Thi Loan, Yu Hoang Huong, Nguyen Thi Huyen, Lai Van Quyet, Ngac

An Bang, Nguyen Ngoc Long, (2021), "Anatase to rutile phase transformation of
iron-doped titanium dioxide nanoparticles: The role of iron content", Optical
Materials, (111), pp. 110651, (IF =3.8)

Vu Hoang Huong ,Van-Can Nguyen , Minh Ngoc Ha, Pham Van Duy , Nguyen
Thanh Binh, Yuan-Ron Ma , Ngac An Bang , Trinh Thi Loan, (2023)"A S-

scheme heterojunction Fe-doped TiO2/SnO; with rich oxygen vacancies for
photo-Fenton degradation of Rhodamine B under visible light illumination",
Optical Materials, (140), pp. 113864, (IF =3.8)

Vu Hoang Huong , Trinh Thi Loan , Khanh-Phong Pham , Minh Ngoc Ha ,

Quang Hoa Nguyen , Yuan-Ron Ma , An Bang Ngac , Van-Can Nguyen, (2024),
"Unveiling the Synergistic Interplay of Appropriate Oxygen Vacancies and S-
scheme Heterojunction Structures in OVs-TiO2/g-CsNy catalyst for Efficient RhB
Photodegradation and H> Production", Journal of Alloys and Compounds, (972),
pp. 172722, (IF =5.8)

Vu Hoang Huong, Van-Can Nguyen, Khanh-Phong Pham, Thanh Binh Nguyen,

An Bang Ngac, Trinh Thi Loan, (2024),"Construction dual active sites on



SnO; via Fe doping for effective Ciprofloxacin photodegradation", Journal of
Alloys and Compounds, (1005), pp. 176020, (IF =5.8)
Vu Hoang Huong, Nguyen Thanh Binh, Trinh Thi Loan, Ngac An Bang, Oxygen

vacancy related luminescence properties of SnO> nanorods and nanoparticles,
Advances in Optics, Photonics, Spectroscopy & Applications XII, ISBN: 978-
604-357-120.

Vu Hoang Huong, Trinh Thi Loan, A Comparison Study of Photocatalytic

Performance of TiO> Anatase Phase Prepared from Different Procedures, VNU
Journal of Science: Mathematics — Physics, Vol. 40, No. 3 (2024) 1-10.

Date: 06 June 2025

On behalf of academic supervisors PhD. Student

Assoc. Prof. Trinh Thi Loan Vu Hoang Huong



