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2. Muc tiéu

- Phan tich duoc ciu tric va su bién doi ciu trac cua cua oxit SiO, pha
cac tap alkali thong qua cac k¥ thuat phan tich ciu tric sir dung cac da dién
hinh hoc, ham phéan b xuyén tdm, phan b sé phdi tri, nang luong, thong ké
cac don vi ciu tric va truc quan hoéa 3 chiéu;

- Nghién ctru dugc tinh chat khuéch tan, dan dién va tinh chét co cua oxit
SiO; pha céac tap alkali theo ap suét va nhiét do;
3. Tinh mdi va sang tao

Trong vt liéu 6xit SiO, pha tap alkali (sodium) Thé tich trung binh cta
mdi khéi da dién hinh hoc ting dan theo thwr tu: khéi da dién Si — khdi da
dién BO — khdi da dién NBF. Thé tich cua da dién Si chi chiém khoang 12%,
con cac da dién BO va NBF chiém nhiéu hon, khoang 88% thé tich cua hop
mo phong.

Céc da dién Si khong chira bat ky nguyén tir Na nao, cac da dién O co
thé chtra hodc khong chtra Na. Ty 18 Ngo1/No, Nere/No ting khi nhiét do ting.
Nguoc lai, Ngoo/No Va Nngra/No giam dang ké khi nhiét do tang. Khi néng do
pha tap thay doi thi cac ty 1& nay thay doi khong dang ké.

Su khuéch tan cta cac nguyén tir Na dugc thuc hi¢n béng hai cach: (1)
chuyén dong nhay mot minh trong ca hai loai da dién hinh hoc BO va NBF
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nhung chu yéu tir NBF sang NBF khac; (ii) Chuyén dong tap thé trong cac da
dién hinh hoc NBF. Thoi gian trung binh giita hai 1an nguyén tir Na nhay lién
tiép giam khi nhiét do ting. Con dudng khuéch tan ctia nguyén tir Na bao gom
cac khdi da dién hinh hoc NBF canh nhau.

4. Két qua nghién ciru

Chung t61 da cho théy anh huong cua nhiét 4o va néng do dén cau tric
khong dong nhat cta vat liéu 6xit SiO, pha cac tap alkali, day chinh la nguyén
nhan ctia dong hoc khong dong nhat trong cac hé oxit nhiéu thanh phan. Pong
thoi, chiing t6i d3 quan sat thdy, Thé tich cua da dién Si chi chiém khoang
1/10, con céc da dién BO va NBF chiém nhiéu hon thé tich cia hop mo
phong. Cac da dién Si khong chira bat ky nguyén tir Na nao, cac da dién O ¢6
thé chira hodc khong chira Na. Ty 1& da dién BO tang khi nhiét do ting.
Nguoc lai, #y Ié da dién NBF giam dang ké khi nhiét d6 tang. Khi ndng do pha
tap thay doi thi cac ty 18 nay thay d6i khéng dang ké. Thoi gian trung binh
giita hai lan nguyén tir Na nhay lién tiép giam khi nhiét d6 ting. Con duong
khuéch tan cta nguyén tir Na bao gém céc khdi da dién hinh hoc NBF canh
nhau.

5. S4n pham:

5.1. Sidn pham khoa hoc
Cong bd 03 bai bao khoa hoc: 01 bai ISI va 01 bai Qudc té thuong va 01 bai
béo Hoi nghi Qudc té, cuy thé:

1. Kien, P. H.,, & Trang, G. T. T. (2024). The Characteristics of
Structural Properties and Diffusion Pathway of Alkali in Sodium Trisilicate:

Nanoarchitectonics and Molecular Dynamic Simulation. International Journal
of Molecular Sciences, 25(11), 5628.

2. Trang, G. T. T., Kien, P. H., Tuyet, X. T., Nhu, T. T. Q., & Quang, P.
D. (2024). Study on Micro Structural Properties of Alkali-Doped SiO, Melt
Using Molecular Dynamics Simulation. Asian Journal of Applied Chemistry
Research, 15(4), 71-78.

3. P. H. Kien, V. T. V. Anh, T. T. Q. Nhu, N. X. Vinh, D. T. Huong, P.
D. Quang and G. T. T. Trang (2023). The study of structural properties and
the degree of polymerization in Mg,SiO4 liquid under compression. The
Proceedings of The 4™ International Workshop on Advanced Materials and
Devices — IWAMD 2023, Thai Nguyen, Vietnam

5.2. Sdn pham dao tao



Huéng dan thanh cong 01 luan vin thac si va 01 khéa ludn tot nghiép sinh
vién, cu thé:

1. Thonchit Monesaykham, Sir dung ki thudt phan tich cdc da dién hinh
hoc dé nghién cuu anh huong cua nhiét do dén cdu tric va co ché khuéch tan
trong sodium silicate, Luan van thac si 2023 Dai hoc Su pham Thai Nguyén.
Piém 9,3.

2. Ngo Thi Thu Giang, Khdo sdt cdu triic va sw phdn bé ciia nguyén tir
Na trong khong gian cua vat liéu Na,SiOz, Khoa luan tdt nghi¢p 2024, bai
hoc Su pham Thai Nguyén. Piém 9.4.

6. Phuong thirc chuyén giao, dia chi wng dung, tic dong va loi ich
mang lai ciia két qua nghién ctru:

- Phuong thirc chuyén giao: Truc tiép hodc qua thu dién tir

- bia chi tng dung: Truong Pai hoc Su pham — Pai hoc Thai Nguyén

- Tac dong va lgi ich mang lai cua két qua nghién cau:

- Béi voi linh vuc gido duc va dao tao

Két qua dé tai cung cap nhiing théng tin va hiéu biét can thiét vé vi cau
trdc, tinh chat nhiét dong trong vat liéu dxit SiO, pha tap Na,O va khdng pha
tap.

- B6i véi linh vuc khoa hoc va cdng nghé c6 lién quan:

+ M6 phong co thé cung cap cac s lieu va thong tin du doan trudc vé
Cau trdc va cac tinh chat cua vat liéu Oxit SiO, pha tap Na,O cho nha nghién
ctru thuc nghiém va ly thuyét.

+ Két qua md phong cung cap s liéu can thiét vé cau tric va cac co ché
vat ly xay ra trong vat liéu 6xit SiO, pha tap Na,O dé cac nha nghién cau (ng
dung va cdng nghé doi chiéu.

- B4i vai t6 chue chu tri va cac co sé ung dung két qua nghién ctu:

Két qua cua dé tai gop phan phat trién khoa hoc va cong nghé cua Nha
truong. Dé tai cling 12 mot tai liéu tham khao bé ich ddi véi hoc vién cao hoc,
sinh vién nghién cttu khoa hoc va gop phan dang ké trong dinh huéng doi moi
gido duc trong linh viec md phong.



SUMARY OF STUDY RESULTS OF SCIENCE AND TECHNOLOGY

1. General information

Project title: Simulation of anisotropic structure and mechanical-electrical
properties in SiO, oxide doped with alkali impurities

Code number: DH2023-TN04-04
Coordinator: Dr. Giap Thi Thuy Trang
Tel.: 0280 3856 893; Mobi: 0337763699

E-mai: tranggtt@tnue.edu.vn

Implementing Institution: Thainguyen University of Education
2. Objective

- Analyze the structure and structural transformation of SiO, oxide
doped with alkali impurities through structural analysis techniques using
geometric polyhedrons, radial distribution functions, coordination number
distribution, energy, statistics of structural units and 3D visualization.

- Study the diffusion, electrical conductivity and mechanical properties
of SiO, oxide doped with alkali impurities according to pressure and
temperature.

3. Creativeness and innovativeness:

The geometric polyhedra increase in the order: Si— BO— NBF
polyhedra. The volume of Si polyhedra only accounts for about 12%, while
BO and NBF polyhedra occupy more, about 88% of the simulation box
volume.

Si polyhedra do not contain any Na atoms, O polyhedra may or may
not contain Na. The ratioS Ngoino, Nnsromo INCrease with increasing
temperature. In contrast, ngoomno and nNyeramo decrease significantly with
increasing temperature. When the doping concentration changes, these ratios
do not change significantly.

The diffusion of Na atoms is carried out in two ways: (i) solitary
hopping motion in both BO and NBF polyhedra but mainly from NBF to
other NBF; (ii) Collective motion in NBF polyhedra. The average time
between two consecutive Na atom jumps decreases with increasing
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temperature. The diffusion path of Na atoms consists of adjacent NBF
geometric polyhedra.

4. Research results:

We have shown the influence of temperature and concentration on the
heterogeneous structure of SiO, oxide materials doped with alkali impurities,
which is the cause of heterogeneous Kkinetics in multicomponent oxide
systems. At the same time, we have observed that, Thevolume of Si polyhedra
is only about 1/10, while BO and NBF polyhedra occupy more than the
volume of the simulation box. Si polyhedra do not contain any Na atoms, O
polyhedra may or may not contain Na. The ratio of BO polyhedra increases
with increasing temperature. In contrast, the ratio of NBF polyhedra decreases
significantly with increasing temperature. When the doping concentration
changes, these ratios do not change significantly. The average time between
two consecutive Na atom jumps decreases with increasing temperature. The
diffusion path of Na atoms consists of adjacent NBF polyhedra.

5. Products:
5.1. Science products

1. Kien, P. H.,, & Trang, G. T. T. (2024). The Characteristics of
Structural Properties and Diffusion Pathway of Alkali in Sodium Trisilicate:
Nanoarchitectonics and Molecular Dynamic Simulation. International Journal
of Molecular Sciences, 25(11), 5628.

2. Trang, G. T. T., Kien, P. H., Tuyet, X. T., Nhu, T. T. Q., & Quang, P.
D. (2024). Study on Micro Structural Properties of Alkali-Doped SiO, Melt
Using Molecular Dynamics Simulation. Asian Journal of Applied Chemistry
Research, 15(4), 71-78.

3. P. H. Kien, V. T. V. Anh, T. T. Q. Nhu, N. X. Vinh, D. T. Huong, P.
D. Quang and G. T. T. Trang (2023). The study of structural properties and
the degree of polymerization in Mg,SiO4 liquid under compression. The
Proceedings of The 4" International Workshop on Advanced Materials and
Devices — IWAMD 2023, Thai Nguyen, Vietnam

5.2. Training results
We have trained 01 master and 01 student, specifically:

1. Thonchit Monesaykham, Using the technique of analyzing geometric
polyhedra to study the effect of temperature on the structure and diffusion



mechanism in sodium silicate, Thesis 2023, Thai Nguyen University of
Education. Point 9.3.

2. Ngo Thi Thu Giang, Surveying the structure and distribution of Na
atoms in space of Na,SiO; material, Graduation thesis 2024, Thai Nguyen
University of Education. Score 9.4.

6. Transfer alternatives, application institutions, impacts and benefits of
research results:

- Transfer alternatives: Directly or via email
- Application address: University of Education - Thai Nguyen University
- Impacts and benefits of research results:

For education and training

* The results of the research provide necessary information and understanding
about microstructure, thermodynamic properties in Na,O-doped and undoped
liquid SiO, oxide materials.

* Report of the topic is a reference for graduate students in physics.
For related fields of science and technology

 Simulation can provide predictable data and information about the structure
and properties of Na,O-doped liquid SiO, oxide materials to experimental and
theoretical researchers.

 Simulation results provide necessary data on the structure and physical
mechanisms that occur in Na,O-doped liquid SiO, oxide materials for
researchers to apply and contrast technology.

For socio-economic development

* The results of the project significantly contribute to the passion for
participation in research and scientific discovery of graduate students and
students.

For host organizations and research application establishments

* The results of the project contribute to the development of science and
technology of the University. The topic is also a useful reference for graduate
students, scientific research students and significantly contributes in the
direction of educational innovation in the field of simulation.



