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2. Muc tiéu

- Lam chu cac cdng nghé ché tao vt liéu nano carbon tir than da Viét Nam; tng
dung lam dién cuc anot cho pin Li-ion dap ing dugc yéu cau tinh ning, k¥ thuat va vé
moi truong.

- Ché tao duoc nano carbon 1am vat liéu anode cho pin Li-ion, ¢6 tinh ning ky thuat
theo dang ky.

- Xéc 1ap 01 quy trinh ché tao vat liéu anode ldp ghép pin Li-ion.
3. Tinh md¢i va sang tao

Lan dau ap dung phuong phap Hummer cai tién va ap dung phuong phép thiy

nhiét két hop voi hoat hoa bang ZnCl, dé ché tao thanh cong vat liéu nano carbon tir
than da Viét Nam va ing dung lam anode trong pin Li-ion.
4. Két qua nghién ctru

1. Tir than d4 (than bitum) ciia Mo than Phan M& - Pha Luong - Thai Nguyén ché
tao thanh thanh cong vat li¢u nano carbon CDC, NCC theo phuong phap Hummer cai
tién. Céc vat liéu ché tao duoc co kinh thuéc nano, xop. Nhiét do, thoi gian khudy
trong qua trinh ché tao vat liéu bang phuong phap Hummer cai tién c6 anh huéng dén
kich thudc vat liéu va dién tich bé mit riéng vat liéu, duong kich 15 xp cua vat liéu.

Tir d6 da Iya chon duoc quy trinh ché tao vat liéu NCC theo phwong phap Hummer cai tién.



Tir than d4 (than bitum) cta M6 than Phan Mé - Pha Luong - Thai Nguyén
ché tao thanh thanh cdng vat liéu nano CP, PC theo phuong phap thuy nhiét két hop
hoat h6a ZnCl,. P Iya chon duoc ty 16 CD : ZnCly = 3:1 tbi vu cho qué trinh ché tao
vat liéu bang phuong phap thay nhiét. Vat liéu da bi oxi hda hoan toan thanh graphene
oxide. Vat lieu PC c6 cau tric xop 1a vat liéu nano phan 16p 2D, kich thuéc ¢& 5-10
nm. Dién tich bé mit riéng 348,00 m2/g. Khéi luong riéng 1a 0,5g/cm? Tir d6 lwa chon duoc
quy trinh ché tao vat liéu PC theo phuong phap thay nhiét két hop hoat héa ZnCl,.

2. Do kha ning chdng chay nd cua dién cyc trong dung dich LiPFs 1M pha
trong dung mai theo ty I& vé thé tich EC: DEC : DMC bang 1:1:1 véi céc luc ép 5 tan
va khi thay d6i thanh phan ti 1& khéi luong vat liéu nano carbon CP : graphite : carbon
nanotube : chat két dinh PVDF bang 70 : 10 : 10 : 10 va ti 18 khéi lugng vat liéu nano
carbon CP: carbon nanotube : chat két dinh PVDF bing 80 : 10 : 10. két qua cho thay
cho thay dung dich LiPFs c6 trong thanh phan cua dién cuc da giam sy mét khéi luong
cua dién cuc PC5A va PC5. biéu nay c6 thé duogc giai thich 1a do dung dich LiPFs co
trong thanh phan dién cuc da khuéch tan vao siu vao trong vat liéu nano carbon x6p
va 1am tang d6 bén cua dién cyuc hay 1am tang kha niang chong chay no cua dién cuc.
Su mat khéi luong dién cuc PC5 ¢6 nhd hon PC5A cho thiy dién cuc PC5 bén va kha
nang chong chéy no tt hon dién cuc PC5A.

3. Nghién cru do d6 bén nén cua dién cuc & céc luc ép 4,5,6 tan cua dién cuc
PC cho thay dién cuc véi luc ép 5 tan c6 do bén nén tot nhat.

4. Nghién ctu anh huong cua thanh phan vat liéu dién cuc, luc ép, nhiét do
say cua dién cuc dén kha ning luu trit, tich thoat ning lwong cua vat liéu nano carbon
cho thay luya chon ti 1& vat liéu nano carbon xdp : graphite : carbon nanotube : Polyme
Polyvinylidene fluoride (PVDF) bang 70:10:10:10, lyc ép 5 tan, nhiét do siy dién cuc
250 °C t6i wu cho qua trinh ché tao dién cuc anode.

5. Nghién ciu anh huong chat két dinh, dung moi hoa tan dén kha ning luu
trir, tich thoat nang luong cua vat li¢u nano carbon da lya chon dung moi N-
methylpyrrolidine, chat két dinh Polyme Polyvinylidene fluoride (PVDF) cho qué
trinh ché tao dién cuc anode.

6. Két qua do kha nang luu tri¥, tich thoat ndng lugng cua céc dién cuc
CDC, CDPC, NCC, CP, PC lya chon duge dién cuc NCC, CP va PC tét va on
dinh nhat. Cu thé;



- bién dung riéng ban dau cua dién cuc CP cao hon dién cuc NCC, CDC,
CDPC. Tuy nhién sau 500 va 1000 chu ky CV thi dién dung riéng cta dién cuc CP Ién hon
dién cuc CNN khong dang ké.

- Bing phuong phap phéng nap dong khong d6i tinh dugc dién dung riéng caa
CP la 275, NCC la 253F/g ¢ mat d6 dong 0,1A.g.

- Tinh dugc mat d6 nang lugng E cua CP la 6,4 Wh/kg tng v&i mat ¢6 dong la
1 A/g va 4 Wh/kg ung véi mat @6 dong la 5 A/g.

- Phuong phap do tong tré tinh duoc Re ciia PC, CP, NCC bang 0,2869, 1,34 va 2,15 Q.

7. Pa lya chon duoc quy trinh ché tao dién cuc anode tir vat lidu nano carbon
x6p CP, PC va NCC.

8. ba lap ghép dién cuc CDC, NCC, CP, PC thanh anode trong cell pin Li-
ion, cac dién cuc déu c6 kha nang luu trix ion Li*. Bién cuc NCC c6 dung lwong riéng
tai C/10 la 306,0 mAh/g, tai C/20 la 435,5 mAh/g. Bién cuc CP dung luong riéng tai
mat do dong tiéu chuan C/10 la 336,0 mAh/g, tai C/20 1a 425,5 mAh/g. Dién cuc PC
c6 dung luong riéng tai mat do dong tiéu chuan C/10 1a 354,6,0 mAh/g, tai mat do
dong C/20 la 503,3 mAh/g.

9. Lya chon duoc dién cuc NCC ché tao theo phuong phap Humer cai tién va
dién cuc CP, PC ché tao theo phuong phap thay nhiét két hop hoat héa ZnCl; 1a dién
cuc dé ché tao anode trong cell pin Li- ion.

5. San pham
5.1. San pham khoa hoc:

1. Tra Huong Do, Van Tu Nguyen, Thi Nga Nguyen, Xuan Linh Ha, Quoc
Dung Nguyen and Thi Kim Ngan Tran (2024) “Synthesis of Porous Carbon
Nanomaterials from Vietnamese Coal: Fabrication and Energy Storage Investigations”,
Appl. Sci. 2024, 14,965.https://doi.org/10.3390/app1403096501 2. Q2, IF 2.5

2. Do Tra Huong, Nguyen Van Tu, Ha Xuan Linh, Nguyen Thi Hien Lan,

Nguyen Quoc Dung, Chu Manh Nhuong, Nguyen Khanh Long?, Truong Xuan Vuong,
Thi Kim Ngan Tran (2024) “Applying nano carbon prepared from coal as an anode in
lithium-ion  batteries”,  Green  Processing and  Synthesis, 2025; 14:
20240151 https://doi.org/10.1515/gps-2024-0151. Q2, IF 4.24

3. P6 Tra Hwong, Nguyén Thi Nga, Nguyén Vin Ta, Nguyédn Qubc Diing

(2023). “Ché vat liu nano carbon tir than cc dinh hudng tng dung lam anode trong

3


https://doi.org/10.3390/app1403096501%202
https://www.researchgate.net/journal/Green-Processing-and-Synthesis-2191-9550
https://www.researchgate.net/journal/Green-Processing-and-Synthesis-2191-9550

pin Li-ion”, Tap chi phan tich Hoa, Ly va Sinh hoc - Tap 29, s6 03/2023, Tr 102-107.
(biém HDGSNN 0,75 diém)

4. P6 Tra Huong, Ha Xuan Linh, Nguyén Vin Tu, Tran Qudc Toan, Nguyén
Thi Thu Ha, (2024), “Nghién ctru kha nang tich trir nang lugng cua vat liéu nano
carbon ché tao tir than da , Tap chi Néng nghiép va Phat trién Nong thon, sb 491, Ky
2, thang 10 nim 2024, tr 93-100. (Diém HDGSNN 1 diém)

5. 01 sang ché (Pa duoc chap nhan don).

5.2. San pham dao tao
- Hwéng dan 01 luan viin thac si:

1. Hoang Minh Hao (2024), Nghién ctu, ché tao vat liéu anode (nano carbon
composite) tir nguén than coc va dinh huéng tng dung cho pin Li-ion). Luan vin thac
si, Truong Pai hoc Su pham — DPai hoc Thai Nguyén, bao vé thang 5 nam 2024.

5. 3. San pham &ng dung

- 50 g vat liéu anode cho pin Li-ion tir nguén than d4 Viét Nam. Kich thudc hat
D50: 10+3um; Ty trong: 0,3-0,8 g/cm?; Dién tich bé mat (tinh theo BET) 300-700
m?/g; Dung lugng tich trit nang luong >500 mAh/g

- 01 quy trinh cdng nghé san xuat vat liéu anode cho pin Li-ion tir nguon than
da Viét Nam.

- 01 quy trinh c6ng nghé ché tao dién cuc anode lap ghép pin Li-ion.

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

Két qua nghién ciru cua dé tai bao gdm cac vat liéu dién cuc, quy trinh ché tao
pin c6 thé chuyén giao cho cac Nha may san suat pin trong nudc.
6.2. Pia chi wng dung

- Nha may pin Li-ion Vinfast, Cong ty C6 phan Cong nghé nano tng dung

- Ngoai ra, két qua nghién ciu cia dé tai s& 1 tai liéu tham khao quan trong cho
sinh vién, hoc vién cao hoc, nghién ctru sinh nganh hda hoc, hdéa méi truong, cong
nghé hoa hoc.
6.3. Tac dong va loi ich mang lai caa dé tai

6.3.1. P6i véi linh vire gido duc va dao tao:



Két qua nghién ctiru cua dé tai 1a tai liéu phuc vu nghién ctru, dao tao sinh vién,
hoc vién cao hoc nganh hda hoc, cong nghé dién hda, héa méi truong, hoa ky thuat.
Pic biét boi dudng kha ning nghién ciru cia cac giang vién tré, gop phan nang cao
chat luong, hiéu qua dao tao va nghién ctiru khoa hoc cia Trudng Dai hoc Su pham, -
Pai hoc Thai Nguyén. Pong thoi 12 sy gan két gitra viéc hoc tap Iy thuyét véi thuc
hanh va wng dung cac tién bo cua khoa hoc céng nghé hién dai trong diéu kién thuc
tien Viét Nam
6.3.2. P6i véi linh viee khoa hoc va cong nghé c6 lién quan:

- Khi nghién ciru va trién khai 4p dung cong nghé tién tién nay trén qui mé Ion,
s& gop phan thiic day céng nghé vat liéu phét trién.

- Két qua nghién ciru cua dé tai hia hen sé& duoc cong bd trén cac tap chi khoa
hoc chuyén nganh uy tin va trén tap chi quéc té. Pay ciing 13 co hoi tot dé mo rong sy
hop tac véi cac truong va trung tdm nghién ciu trong nudc..

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

- Pé tai nghién cau, thir nghiém thanh cong s& co ¥ nghia vé kinh té - x& hoi, gop phan
dua khoa hoc cdng nghé gan lién vai cong tac bao dam phat trién kinh té on dinh, bén viing,
bao vé moi truong.

- Khi két qua nghién cau cong nghé ché tao vat liéu anode (nanocarbon composite) tir
ngudn than da Viét Nam dinh huéng tng dung cho pin Li-ion gop phan ning cao hiéu
qua, gia tri kinh té ché bién sau cua khoang san

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

- P6i Véi t6 chire cha tri, ca nhan tham gia thuc hién dé tai:

+ Nang cao trinh d6 nghién ciu, cai tién cong nghé cho cac can bo tham gia thyuc
hién d& tai trong linh vuc ché tao vat liéu, ché tao pin Li-ion.

+ Két qua nghién ctru ciia dé tai 12 tai liéu phuc vu nghién ctru, dao tao sinh vién,
hoc vién cao hoc nganh su pham cir nhan hoa hoc ctia Truong Pai hoc Su pham - Dai

hoc Thai Nguyén.



+ C4c cbng trinh cng bd (nhat 1a cong bd bai béo I1SI) s& gép phan nang cao chit
lwong nghién ctu cua c4c giang vién tré, gop phan nang cao chét luong, hiéu qua dao tao
va nghién ctu khoa hoc caa Dai hoc Thai Nguyén, tiép can véi trinh do nghién ctu khoa
hoc cuia khu vyc va thé gidi.

+ Poi Vdi co so g dung két qua nghién ciru:

+ Nang cao duogc chat luong, on dinh cdng nghé, giam gié thanh 1a nhiing diéu
kién quan trong &p dung cong nghé vao thuc tién cia cac cong ty san xuat.

+ Két qua cua dé tai s& 1a hudng nghién ciu va trién khai 1au dai nham phuc vu
cho viéc str dung vat liéu, tang gia tri St dung than da.

Ngay..... thang 02 nam 2025

Xac nhan cuaa to chire thue hién Chi nhiém dé tai

P6 Tra Huong



MINISTRY OF EDUCATION AND TRAINING
THAI NGUYEN UNIVERSITY

INFORMATION OF RESEARCH RESULTS

1. General information
Project name: Research and manufacture of anode materials (hanocarbon composite)
from Vietnamese coal sources with an application orientation for Li-ion batteries
Code: B2023-TNA-07
Project leader: Assoc. Prof. Dr. Do Tra Huong
Email: huongdt.chem@tnue.edu.vn
Phone: 0977.583.899
Presiding agency: Thai Nguyen University
Implementation time: From January 2023 to December 2024
2. Objectives

- Master the technology of manufacturing nanocarbon materials from Vietnamese
coal; apply as anode electrode for Li-ion batteries to meet the requirements of features,
techniques and environment.

- Eabricate nanocarbon as anode material for Li-ion batteries, with technical
features according to registration.

- Establishing 01 process for manufacturing anode materials for Li-ion batteries.
3. Novelty and creativity

For the first time, the improved Hummer method and the hydrothermal method
combined with activation by ZnCl> were applied to successfully fabricate carbon
nanomaterials from Vietnamese coal and apply them as anodes in Li-ion batteries.
4. Research results

1. From coal (bituminous coal) of Phan Me - Phu Luong - Thai Nguyen Coal
Mine, CDC and NCC nanocarbon materials were successfully manufactured using the
improved Hummer method. The manufactured materials have nano-sized and porous
materials. The temperature and stirring time during the manufacturing process using
the improved Hummer method affect the material size and specific surface area, and

pore diameter of the material. From there, the process of manufacturing NCC materials
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using the improved Hummer method was selected. From coal (bituminous coal) of
Phan Me - Phu Luong - Thai Nguyen Coal Mine, CP and PC nanomaterials were
successfully manufactured using the hydrothermal method combined with ZnCl>
activation. The optimal ratio of CD: ZnCl, = 3:1 was selected for the manufacturing
process of materials using the hydrothermal method. The materials were completely
oxidized into graphene oxide. From there, the process of manufacturing PC materials
using the hydrothermal method combined with ZnCl; activation was selected.

2. Measure the explosion-proof ability of the electrode in 1M LiPFe solution
mixed in solvent at the volume ratio EC: DEC: DMC equal to 1:1:1 with the pressing
force of 5 tons and when changing the composition of the mass ratio of CP carbon
nanomaterial: graphite: carbon nanotube: PVDF binder equal to 70: 10: 10: 10 and the
mass ratio of CP carbon nanomaterial: carbon nanotube: PVDF binder equal to 80: 10:
10. The results showed that the LiPFs solution in the composition of the electrode
reduced the mass loss of the PC5A and PC5 electrodes. This can be explained by the
fact that the LiPFs solution in the composition of the electrode diffused deep into the
porous carbon nanomaterial and increased the durability of the electrode or increased
the explosion-proof ability of the electrode. The mass loss of PC5 electrode is smaller
than that of PC5A, showing that PC5 electrode is more durable and has better
explosion-proof ability than PC5A electrode.

3. Research on the compressive strength of the electrode at the pressing forces of
4,5,6 tons of PCelectrode shows that the electrode with the pressing force of 5 tons has
the best compressive strength.

4. Research on the influence of electrode material composition, pressing force,
electrode drying temperature on the energy storage and release capacity of carbon
nanomaterials shows that the choice of the ratio of porous carbon nanomaterial:
graphite: carbon nanotube: Polyvinylidene fluoride (PVDF) polymer by 70:10:10:10,
pressing force of 5 tons, electrode drying temperature of 250 OC is optimal for the
anode electrode fabrication process.

5. Studying the influence of binder and solvent on the energy storage and
discharge capacity of carbon nanomaterials, N-methylpyrrolidine solvent and
Polyvinylidene fluoride (PVDF) polymer binder were selected for the anode electrode

fabrication process.



6. The results of measuring the energy storage and discharge capacity of CDC,
CDPC, NCC, CP, PC electrodes selected the best and most stable NCC, CP and PC
electrodes. Specifically:

- The initial specific capacitance of CP electrode is higher than that of NCC,
CDC, CDPC electrodes. However, after 500 and 1000 CV cycles, the specific
capacitance of CP electrode is insignificantly larger than that of CNN electrode.

- Using the constant current charge-discharge method, the specific capacitance of
CP is 275, NCC is 253F/g at a current density of 0.1A.g.

- Calculated energy density E of CP is 6.4 Wh/kg corresponding to current
density of 1 A/g and 4 Wh/kg corresponding to current density of 5 A/g.

- The method of measuring the total impedance calculated Rct of PC, CP, NCC is
0.2869, 1.34 and 2.15 Q.

7. The process of manufacturing anode electrodes from porous carbon
nanomaterials CP, PC and NCC has been selected.

8. The CDC, NCC, CP, PC electrodes have been assembled into anodes in Li-ion
battery cells, all electrodes have the ability to store Li+ ions. The NCC electrode has a
specific capacity at C/10 of 306.0 mAh/g, at C/20 of 435.5 mAh/g. The CP electrode
has a specific capacity at standard current density C/10 of 336.0 mAh/g, at C/20 of
425.5 mAh/g. The PC electrode has a specific capacity of 354.6.0 mAh/g at standard
current density C/10, and 503.3 mAh/g at current density C/20.

9. Selected NCC electrode fabricated by improved Humer method and CP, PC
electrode fabricated by hydrothermal method combined with ZnCl, activation as
electrodes to fabricate anode in Li-ion battery cell.

5. Products
5.1. Scientific products

1. Tra Huong Do, Van Tu Nguyen, Thi Nga Nguyen, Xuan Linh Ha, Quoc
Dung Nguyen and Thi Kim Ngan Tran (2024) “Synthesis of Porous Carbon
Nanomaterials from Vietnamese Coal: Fabrication and Energy Storage Investigations”,
Appl. Sci. 2024, 14,965.https://doi.org/10.3390/app14030965012. Q2, IF 2.5.

2. Do Tra Huong, Nguyen Van Tu, Ha Xuan Linh, Nguyen Thi Hien Lan,
Nguyen Quoc Dung, Chu Manh Nhuong, Nguyen Khanh Long?, Truong Xuan Vuong,
Thi Kim Ngan Tran (2024) “Applying nano carbon prepared from coal as an anode in
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lithium-ion batteries”, Green Processing and Synthesis, 2025; 14: 20240151.
https://doi.org/10.1515/gps-2024-0151. Q2, IF 4.24

3. Do Tra Huong, Nguyen Thi Nga, Nguyen Van Tu, Nguyen Quoc Dung
(2023). “Preparation of carbon nanomaterials from coke for application as anodes in
Li-ion batteries”, Journal of Analytical Chemistry, Physics and Biology - Volume 29,
No. 03/2023, pp. 102-107.

4. Do Tra Huong, Ha Xuan Linh, Nguyen Van Tu, Tran Quoc Toan, Nguyen
Thi Thu Ha, (2024), “Research on the energy storage capacity of carbon nanomaterials
made from coal”, Journal of Agriculture and Rural Development, No. 491, Issue 2,
October 2024, pp. 93-100.

5. 01 invention (Application accepted).

5.2. Training products

- Guidance for 01 master's thesis:

1. Hoang Minh Hao (2024), Research and manufacture of anode materials (nano
carbon composite) from coke and application orientation for li-ion batteries). Master's
thesis, Thai Nguyen University of Education, defended in May 2024.

5.3. Applied products

- 50 g anode material for Li-ion batteries from Vietnamese coal. Particle size
D50: 10+£3um; Density: 0.3-0.8 g/cm?; Surface area (calculated by BET) 300-700
m2/g; Energy storage capacity =500 mAh/g

- 01 technological process for producing anode materials for Li-ion batteries
from Vietnamese coal.

- 01 technological process for manufacturing anode electrodes for assembling Li-
ion batteries.

6. Transfer method, application address, impact and benefits of research results
6.1. Transfer method
The research results of the topic include electrode materials, battery

manufacturing processes that can be transferred to domestic battery factories.
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6.2. Application address
- Vinfast Li-ion battery factory, Applied Nanotechnology Joint Stock Company

- In addition, the research results of the topic will be an important reference
document for students, graduate students, and researchers in chemistry, environmental
chemistry, and chemical technology.

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

The research results of the topic are documents serving the research and training
of students and graduate students in chemistry, electrochemical technology,
environmental chemistry, and chemical engineering. In particular, fostering the
research ability of young lecturers, contributing to improving the quality and
effectiveness of training and scientific research of the University of Education, - Thai
Nguyen University. At the same time, it is the connection between theoretical learning
and practice and the application of advances in modern science and technology in the
practical conditions of Vietnam
6.3.2. For related fields of science and technology:

- When researching and applying this advanced technology on a large scale, it
will contribute to promoting the development of materials technology.

- The research results of the topic promise to be published in prestigious
specialized scientific journals and in international journals. This is also a good
opportunity to expand cooperation with domestic schools and research centers.

6.3.3. For socio-economic development:

- Successful research and testing topics will have socio-economic significance,
contributing to linking science and technology with the work of ensuring stable and
sustainable economic development and environmental protection.

- When the research results on anode material manufacturing technology
(nanocarbon composite) from Vietnam's coal resources are oriented towards
application to Li-ion batteries, it contributes to improving the efficiency and economic
value of deep processing of minerals.

6.3.4. For the host organization and facilities applying research results:
For the host organization and individuals participating in the project

implementation:
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+ Improve the research level and technology innovation for staff participating in
the project implementation in the field of material manufacturing and Li-ion battery
manufacturing.

+ The research results of the project are documents serving the research and
training of students and graduate students in the Bachelor of Chemistry pedagogy
major of the University of Education - Thai Nguyen University.

+ The published works (especially the publication of ISI articles) 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 the level of scientific research in the region and the world.

+ For the facilities applying the research results:

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

+ The results of the topic will be a long-term research and development direction
to serve the use of materials and increase the value of coal use.

Date. Month 02 year 2025

Certification of implementing organization Topic leader

Do Tra Huong

12



PL1



