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2. Muc tiéu

- Xac lap duoc quy trinh ché tao vat liéu ndi dién phan Fe-C; Fe-Cu.

- Xay dung duoc hé thiét bi pilot 250 lit/ngay dém va xac lap dugc quy trinh
cong nghé xir Iy nudc thai cong nghiép khi cbc hoa than khé phan huy trén dia ban
tinh Thai Nguyén, dat tiéu chuin xa thai QCVN 40:2011/BTNMT, c6 gia thanh
canh tranh, bang qua trinh ndi dién phan két hgp mang sinh hoc.

3. Tinh md¢i va sang tao

- Ba str dung noi dién phan Fe-C di tir nguyén liéu bot Fe va bot graphit, vat
liéu Fe-Cu bang phuong phap ma dién dé xir Iy phenol trong méi trudng nudc.

- Pa két hop vat liéu noi dién phan Fe-Cu v6i mang sinh hoc A20-MBBR dé
xtr 1y nude thai Nha may Coc héa — Cong ty Co phan Gang thép Thai Nguyén dat
tiéu chuan xa thai QCVN 40:2011/BTNMT.

4, Két qua nghién ctru

- P ché tao dugc mau vat lidu noi dién phan Fe-C di tir nguyén liéu bot Fe
va bot graphit, vat liéu Fe-Cu bang phuong phap ma dién. Cac vat liéu sau khi ché
tao duoc xac dinh dic diém bé mat, cau trdc, thanh phan bang phuong phap pho
hién vi dién tar quét (SEM), gian d6 nhidu xa tia X (XRD), phé tan ning luong (EDS),
dién tich bé mat riéng (BET).



- P4 nghién ctu cac yéu td anh hudng dén kha nang phan huy phenol cua vat
litu Fe-C va Fe-Cu nhu: pH, thoi gian, khéi luong vat liéu Fe-C, nong d6 dau
phenol, téc d¢ lic. Két qua cho thay d6i vai vt liéu Fe-C tai gia tri pH bang 4, thoi
gian lic 12 gio, téc do lic 200 vong/phat, khéi lugng vat liéu Fe-C 12 25 g/ L &
nhiét do phong (25 C+0,5), ndng d6 phenol ban dau bang 102,90 mg/L thi hiéu suat
phan huy phenol 1a 91,54. Béi véi vat liéu Fe-Cu tai gi tri pH bang 3, thoi gian lic
12 gio, toc do lac 200 vong/phat, khdi luong vat liéu Fe-Cu 1a 1,0 g, ¢ nhiét do
phong (25°C + 0,5), nong d6 phenol ban dau bing 100,98 mg/L thi hiéu suat phan
huay phenol la 92,7%.

- Qua trinh phan huy phenol bang vat liéu Fe-C va Fe-Cu tuan theo
phuong trinh dong hoc gia kién bac 2, hing sé tbe do phan tmg k = 0,0072 gio™*.L.mg™
ddi véi vat lieu Fe-C va k = 0,0009 gio™.L.mg™ ddi véi vat lieu Fe-Cu. Diéu nay ciing cho
thay vat liéu Fe-C phan hay phenol tét hon vat liéu Fe-Cu.

- ba tng dung vat liéu ndi dién phan Fe-C; Fe-Cu x1r Iy nudc thai nha may
Coc hoa - Cong ty Co phan Gang thép Thai Nguyén két qua xir 1i phenol trong
nudc thai luyén cc bang vat liéu noi dién phan Fe-C, Fe-Cu hiéu suat phan hay
phenol dat 73,3% véi vat liéu Fe-C, 70,7% vai vat liéu Fe-Cu sau 12 gio xtr ly. Loai
bo tir 48,9 - 51,0% TSS; ham lwgng BODs, COD giam tir 50,0 - 56,7%; ham luwong
tong N giam 26,5 - 35,0%; ham luong tong P giam 40,4% - 47,2%; ham lwong
NH;-N giam 60,1 - 65,1%. Két qua da lya chon vat liéu Fe-C 1a vat liéu tién xt |i
nudéc thai cho giai doan xu |i tiép theo 12 A20-MBBR.

- Thiét lap h¢ A20-MBBR xtr 1y nudc thai Nha may Coc hda - Cong ty Co
phan Gang thép Thai Nguyén két qua xur li phenol trong nudc thai luyén coc hiéu
suat phan hiy phenol dat 85,0%. Loai b6 t6i 72,2% TSS; ham luong BODs giam
dén 93,8%, COD giam dén 83,9%:; ham luong tong N giam 89,6%; ham lwong téng
P giam 77,9%; ham lugng NH,-N giam 91,9%.

- Két hop vat liéu noi dién phén Fe-C va hé¢ A20-MBBR xir Iy nudc thai Nha
méy Céc hoa - Cong ty Co phan Gang thép Thai Nguyén két qua hiéu suat phan hay
phenol dat 100%. Loai bo t6i 71,3% TSS; ham lwong BODs giam dén 97,7%, COD
giam dén 97,1%; ham luong tong N giam 97,6%; ham Iuong tong P giam 81,6%; ham
lwong NH,-N giam 97,5%. Tat ca cac chi sb trén sau khi xu li déu dat quy chuan
QCVN 52:2017/BTNMT (cot A) @i voi nude thai cdng nghiép san xuat thép.
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- Vi khuan trong bun hoat tinh d& duoc nghién ciru phan lap, nudi cdy, quan
sat dic diém, hinh thai té bao va duoc giir giéng tai phong Cong nghé té bao - Khoa
Sinh hoc - Truong Pai hoc Su pham - Pai hoc Thai Nguyén nham muc dich nghién
clru vé sau.

- Pi thiét ké, lip dat va van hanh hé théng xtr 1y nudc thai phenol tai
nha may Céc hoa- Cong ty C6 phan Gang thép Thai Nguyén theo cong nghé noi
dién phan két hop A20-MBBR vdi cac diéu kién da 1ap ¢ trén va st dung vat lidu
ndi dién phan Fe-C. Higu qua xir Iy dat cot B tiéu chuan QCVN 40:2011/BTNMT
quy dinh.

5. San pham
5.1. San pham khoa hoc:
1. P Tra Huwong, Nguyén Vin Tu, Pinh Thi Minh Hang, Nguyédn Anh Tién
(2020), “Phan hily phenol trong méi truong nudc bang qua trinh noi dién phan trén
vt liéu Fe-C”. Tap chi Phan tich Hoa, Ly va Sinh hoc. Tap 25, s6 1, tr 143- 148,
2. P6 Tra Hwong, Pao Mai Giang, Nguyén Vian Tu, Nguyén Anh Tién (2020),
“Phan huay phenol trong mdi trudng nudc bang qua trinh ndi dién phan trén vat lidu
Fe-Cu”, Tap chi phan tich Hoa, Ly va Sinh hoc tdp 25, Sé 2/2020, trang 164-170.
3. Do Tra Huong, Nguyen Van Tu, Ha Xuan Linh, Nguyen Thi Hien Lan, Duong
Thi Thoa, Duy Chinh Nguyen, and Hong-Tham T. Nguyen (2020), “Enhanced
Degradation of Phenolic Compounds in Coal Gasification Wastewater by Methods
of Micro-Electrolysis Fe-C and Anaerobic- Anoxic - Oxic Moving Bed Biofilm
Reactor (A20-MBBR)”. Processes, 8, 1258; d0i:10.3390/pr8101258.
4. Do Tra Huong, Nguyen Van Tu, Duong Thi Tu Anh, Nguyen Anh Tien, Tran
Thi Kim Ngan, Lam Van Tan (2021) “Removal of Phenol from Aqueous Solution
using Internal Microelectrolysis with Fe-Cu: Optimization and Application on Real
Coking Wastewater”. Processes, 9, 720. https://doi.org/10.3390/pr9040720

5. Van Tu Nguyen, Tra Huong Do, Duy Nhan Vu. Tran Thi Kim Ngan, (2021).
“Internal Electrolysis Using Fe/C Material for Pre-Treatment of Concentrated
Coking Wastewater”. Polish Journal of Chemical Technology, 23, 2, 41- 46,
10.2478/pjct-2021-0015.
6. 01 Giai phap hiru ich duoc chap nhan don.
5.2. San pham dao tao



- Hwéng dan 03 luan viin thac si:

1. Pinh Minh Hing (2020), Ché tao vat liéu noi dién phan Fe-C va dinh hudng tién
xtr Iy nhém phenol trong nudc thai qué trinh luyén céc. Luan van thac si, Truong
Pai hoc Su pham — Dai hoc Thai Nguyén.

2. Duong Thi Thoa (2020), Nghién cau két hop phuong phap nodi dién phan va
mang sinh hoc A20 - MBBR xir 1y nudc thai qué trinh luyén céc. Luan vian thac si,
Truong Pai hoc Su pham — Dai hoc Thai Nguyén.

3. Dao Mai Giang (2020), Ché tao vat liéu bimetal Fe-Cu va buéc dau xur Iy nhém
phenol trong nudce thai luyén coc. Ludn vian thac si, Truong Pai hoc Su pham — Dai
hoc Thai Nguyén.

3. San pham &ng dung

- 01 pilot xt Iy c6ng xuét 250 lit/ngay dém, kém theo ban V&.

- Vat liéu noi dién phan.

- 01 Quy trinh ché tao vat liéu ndi dién phan tir ngudén nguyén liéu bot sit hodc phoi
st gidu cacbon;

- 01 Quy trinh cong nghé xir Iy nudc thai cong nghiép cdc hoa than khé phan hity
trén dia ban tinh Thai Nguyén, dat tiéu chuan xa thai QCVN)

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

6.1. Phwong thirc chuyén giao

- Két qua nghién ctru cua dé tai bao gdm céc vat liéu ndi dién phan, quy trinh
xtr 1y nuéc thai cde hoa, khi héa than co thé chuyén giao cho cic co so san xut
phat sinh nudc thai cc hoa, khi hoa than trén toan qudc va ¢ Thai Nguyén.

6.2. Pia chi wng dung

- Nha may Céc héa - Cong ty C6 phan Gang thép Thai Nguyén, cac nha may
san xuat phat nuge thai khi hda than, cdc hoa nhu: Nha may Dam Ha BAc...

- Ngoai ra, c6 thé ap dung cong nghé noi dién phan dé tién xir 1y nudc thai tir
cac nha may, khu céng nghiép san xuit dét nhudm, ma dién, vat liéu nd cong
nghiép (TNT, thudc nd nhii tuong...), luyén kim, ma dién kho phan hiy sinh hoc.

- Ngoai ra, két qua nghién ctru cua dé tai s& 1a tai liéu tham khao quan trong
cho sinh vién, hoc vién cao hoc, nghién ctru sinh nganh hoa hoc, héa moi truong,

cong ngh¢ hoéa hoc cua Pai hoc Thai Nguyén.
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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 ctru ctia dé tai 1a tai liéu phuc vu nghién ctru, dio tao sinh vién,
hoc vién cao hoc nganh héa hoc, hoa moi truong, hda ki thuat. Bac biét boi dudng
kha ning nghién ctru ctia cic giang vién tré, gop phan nang cao chat luong, hiéu qua
dao tao va nghién ctu khoa hoc cua Truong Pai hoc Su pham, - Pai hoc Thai
Nguyén. Pong thoi 1a sy gan két giita viéc hoc tap 1y thuyét véi thuc hanh va tmg
dung cac tién bd cta khoa hoc cong ngh¢ hién dai trong diéu kién thuc tién Viét
Nam.

6.3.2. P6i véi linh vire khoa hoc va cong nghé c6 lién quan:

- Khi nghién cau va trién khai 4p dung cong nghé tién tién nay trén qui mo
I6n, s& gop phan thic day cdng nghé xir Iy moi truong phat trién.

- Két qua nghién ctru cua dé tai hira hen s& duoc cong bb trén céc tap chi khoa
hoc chuyén nganh uy tin va trén tap chi qudc té. Pay ciing 1a co hoi tot dé ma rong
su hop tac véi cac truong va trung tam nghién ctru trong nudc.

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

- ¢ tai nghién ciru, thr nghiém thanh cong s& co ¥ nghia vé kinh té - xa hoi,
g6p phan dua khoa hoc cong nghé gan lién v4i cong tac bao dam phat trién kinh té
on dinh, bén viing, bdo v¢ moi truong.

- Khi két qua nghién ciru cong nghé ndi dién phan két hop phuong phap A20 -
MBBR dugc ap dung dé xir Iy nudc thai khi hoa than, cc hoa thanh cong, hira hen
s& c6 mot cong nghé xir 1y hiéu qua co thé dat tidu chuan xa thai quy dinh, co gia
thanh xir Iy phu hop, gitp tiét kiém va tai sir dung hiéu qua nude sach.

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

- Déi véi t6 chire chii tri, ¢d nhdn tham gia thyc hién de tai:

+ Nang cao trinh d6 nghién ciru, cai tién cong nghé cho cac can bd tham gia thuc
hién d¢é tai trong linh vuc xtr Iy nudc thai khi than, cdc héa néi riéng va cong nghé xir
Iy méi trudong ndi chung.

+ Két qua nghién clru cua dé tai 1a tai lieu phuc vu nghién ctru, dao tao sinh
vién, hoc vién cao hoc nganh su pham ctr nhan héa hoc ctia Truong Pai hoc Su
pham - Pai hoc Thai Nguyén.

+ C4c cong trinh cong bd (nhat 14 cong bd bai bao ISI) s& gop phan nang cao chét
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luong nghién ciru cta cac giang vién tré, gop phan nang cao chit lwong, hiéu qua dao
tao va nghién ctru khoa hoc ctia Pai hoc Thai Nguyén, tiép can véi trinh d nghién cuiu
khoa hoc ctia khu vuc va thé gioi.

- P6i véi co s6 iting dung két qud nghién ciru:

+ Nang cao dugc chit luong, 6n dinh cong nghé, giam gia thanh 1a nhitng diéu
kién quan trong ap dung cong nghé vao thyc tién cta cic cong ty san xuat.

+ Két qua cta dé tai s& 1a huéng nghién ctru va trién khai 1au dai nham phuc
vu cho viéc st dung vat li€u, cong nghé¢ xur 1y nudc thai cdc hoa, khi hoa than, kho

phan huy sinh hoc, gop phan lam sach va bao vé mdi truong.

MINISTRY OF EDUCATION AND TRAINING
THAI NGUYEN UNIVERSITY

INFORMATION OF RESEARCH RESULTS

1. General information



Project title: Research on treatment of industrial wastewater gasification of
difficult to decompose coal in Thai Nguyen province by internal electrolysis
combined with biofilm

Code: B2019- TNA-10

Project leader: Assoc. Prof. Dr. Do Tra Huong

Email: huongdt.chem@tnue.edu.vn

Phone: 0977.583.899

Host institution: Thai Nguyen University

Implementation period: From January 2019 to December 2020

2. Goals

- Establishing the process of making Fe-C electrolytic materials; Fe-Cu.

- Built a pilot system of 250 liters/day and night and established the
technological process of industrial wastewater treatment for coking gas, hard to
decompose coal in Thai Nguyen province, meeting discharge standards QCVN 40:
2011 /BTNMT, competitively priced, by the process of internal electrolysis
combined with biofilm.

3. Novelty and creativity

- Used Fe-C internal electrolysis from Fe powder and graphite powder, Fe-
Cu material by electroplating method to treat phenol in aqueous environment.

- Combined Fe-Cu internal electrolytic material with biofilm A20-MBBR to
treat wastewater from Coke Plant - Thai Nguyen Iron and Steel Joint Stock
Company to meet discharge standards QCVN 40:2011/BTNMT.

4, Research results

- Fabricated samples of Fe-C electrolytic materials from Fe powder and
graphite powder, Fe-Cu materials by electroplating method. The materials after
fabrication were characterized by surface, structure and composition by scanning
electron microscopy (SEM), X-ray diffraction (XRD) and energy dispersive
spectroscopy (EDS), specific surface area (BET).

- Researched the factors affecting the phenol decomposition ability of Fe-C
and Fe-Cu materials such as: pH, time, weight of Fe-C material, concentration of
phenol head, shaking speed. The results show that for Fe-C material at pH value of

4, shaking time 12 hours, shaking speed 200 rpm, Fe-C material mass is 25 g/L at
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room temperature (25° C+0.5), the initial phenol concentration is 102.90 mg/L, the
phenol decomposition efficiency is 91.54. For Fe-Cu material at pH value of 3,
shaking time 12 hours, shaking speed 200 rpm, mass of Fe-Cu material is 1.0 g, at
room temperature (25°C * 0. 5), the initial phenol concentration is 100.98 mg/L, the
phenol decomposition efficiency is 92.7%.

- The decomposition of phenol by Fe-C and Fe-Cu materials follows the
pseudo-second order kinetic equation, the reaction rate constant k = 0.0072 hours-
1.L..mg-1 for the material. Fe-C data and k = 0.0009 hours-1.L.mg-1 for Fe-Cu
materials. This also shows that Fe-C material decomposes phenol better than Fe-Cu
material.

- Fe-C internal electrolytic materials have been applied; Fe-Cu treatment of
wastewater from the Coking plant - Thai Nguyen lIron and Steel Joint Stock
Company, the results of treatment of phenol in coking wastewater with Fe-C and
Fe-Cu electrolytic materials, the phenol decomposition efficiency reached 73. .3%
with Fe-C material, 70.7% with Fe-Cu material after 12 hours of treatment. Remove
from 48.9 - 51.0% TSS; BOD5, COD content decreased from 50.0 - 56.7%:; total N
content decreased by 26.5 - 35.0%; total P content decreased by 40.4% - 47.2%); the
content of NH;-N decreased by 60.1 - 65.1%. As a result, Fe-C material was
selected as the wastewater pretreatment material for the next treatment stage, A20-
MBBR.

- Establishment of A20-MBBR system for wastewater treatment of Coke
Plant - Thai Nguyen Iron and Steel Joint Stock Company. The results of phenol
treatment in coking wastewater have a phenol decomposition efficiency of 85.0%.
Removes up to 72.2% TSS; BOD5 content decreased to 93.8%, COD decreased to
83.9%; total N content decreased by 89.6%; total P content decreased by 77.9%;
content of NH,-N decreased by 91.9%.

- The combination of Fe-C internal electrolytic material and A20-MBBR
system for wastewater treatment of Coke Plant - Thai Nguyen Iron and Steel Joint
Stock Company resulted in phenol decomposition efficiency of 100%. Removes up
to 71.3% TSS; BOD5 content decreased to 97.7%, COD decreased to 97.1%:; total
N content decreased by 97.6%; total P content decreased by 81.6%; content of NH;,-



N decreased by 97.5%. All the above indicators after treatment meet QCVN
52:2017/BTNMT (column A) for steel production industrial wastewater.

- Bacteria in activated sludge were isolated, cultured, observed cell
morphology and characteristics and kept at the Cell Technology Department -
Department of Biology - University of Education - Thai University. Originally for
research purposes after.

- Designed, installed and operated the phenol wastewater treatment system at
Coking plant- Thai Nguyen Iron and Steel Joint Stock Company follows the internal
electrolysis technology in combination with A20-MBBR with the above conditions
and uses Fe-C internal electrolytic materials. The treatment efficiency reached
column B of QCVN 40:2011/BTNMT standard.

5. Products
5.1. Scientific products:

1. Do Tra Huong, Nguyen Van Tu, Dinh Thi Minh Hang, Nguyen Anh Tien
(2020), “Decomposition of phenol in aqueous medium by internal electrolysis on
materials Fe-C”. Journal of Analytical Chemistry, Physics and Biology. Volume 25,
No. 1, pp. 143-148.

2. Do Tra Huong, Dao Mai Giang, Nguyen Van Tu, Nguyen Anh Tien
(2020), "Decomposition of phenol in agueous medium by internal electrolysis on
Fe-Cu materials", Journal of Analytical Chemistry, Physics and Biology 25, Issue
212020, pp. 164-170.

3. Do Tra Huong, Nguyen Van Tu, Ha Xuan Linh, Nguyen Thi Hien Lan,
Duong Thi Thoa, Duy Chinh Nguyen, and Hong-Tham T. Nguyen (2020),
“Enhanced Degradation of Phenolic Compounds in Coal Gasification Wastewater
by Methods” of Micro-Electrolysis Fe-C and Anaerobic- Anoxic - Oxic Moving
Bed Biofilm Reactor (A20-MBBR)”. Processes, 8, 1258; doi:10.3390/pr8101258.

4. Do Tra Huong, Nguyen Van Tu, Duong Thi Tu Anh, Nguyen Anh Tien,
Tran Thi Kim Ngan, Lam Van Tan (2021) “Removal of Phenol from Aqueous
Solution using Internal Microelectrolysis with Fe-Cu: Optimization and Application
on Real Coking Wastewater”. Processes, 9, 720. https://doi.org/10.3390/pr9040720

5. Van Tu Nguyen, Tra Huong Do, Duy Nhan Vu. Tran Thi Kim Ngan,
(2021). “Internal Electrolysis Using Fe/C Material for Pre-Treatment of
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Concentrated Coking Wastewater”. Polish Journal of Chemical Technolog.
Accepted.

6. 01 Useful solution is accepted.
5.2. Training products

- Guide to 03 master's theses:

1. Dinh Minh Hang (2020), Fabrication of Fe-C electrolytic materials and
orientation of phenol group pretreatment in wastewater from coking process.
Master's Thesis, University of Education - Thai Nguyen University.

2. Duong Thi Thoa (2020), Research on combination of internal electrolysis
method and A20 - MBBR biofilm for wastewater treatment of coking process.
Master's Thesis, University of Education - Thai Nguyen University.

3. Dao Mai Giang (2020), Fabrication of Fe-Cu bimetal materials and initial
treatment of phenol group in coking wastewater. Master's Thesis, University of
Education - Thai Nguyen University.

3. Application products

- 01 pilot with a capacity of 250 liters/day and night, enclosed with drawings.

- Electrolytic internal materials.

- 01 Process for making internal electrolytic materials from iron powder or
carbon-rich iron chips;

- 01 Technological process of treating industrial wastewater coking hard to
decompose coal in Thai Nguyen province, meeting discharge standards QCVN).

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

- The research results of the project include internal electrolytic materials,
coking waste water treatment process, coal gasification that can be transferred to
production facilities that generate coke and coal gasification wastewater on
nationwide and in Thai Nguyen.

6.2. Application address

- Coking Plant - Thai Nguyen Iron and Steel Joint Stock Company,

production plants that emit waste water gasifying coal, coking such as: Ha Bac

Fertilizer Plant...
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- In addition, it is possible to apply internal electrolysis technology to pre-
treat wastewater from factories, industrial parks, textiles, dyeing, electroplating,
industrial explosives (TNT, emulsion explosives... ), metallurgy, electroplating
difficult to biodegrade.

- In addition, the research results of the topic will be an important reference
for students, graduate students, graduate students in chemistry, environmental
chemistry, chemical technology of Thai Nguyen University.

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

The research results of the topic are documents for research and training of
students and graduate students in chemistry, environmental chemistry, and technical
chemistry. Especially fostering the research ability of young lecturers, contributing
to improving the quality and effectiveness of training and scientific research of the
University of Pedagogy, - Thai Nguyen University. At the same time, it is the link
between theoretical learning with practice and application of advances of modern
science and technology in practical conditions in Vietnam.

6.3.2. For relevant science and technology fields:

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

- Research results of the topic are promised to be 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 the country.
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.

- When the research results of internal electrolysis technology combined with
A20 - MBBR method are applied to successfully treat coal gasification and coking
wastewater, it promises to be an effective treatment technology that can achieve
high prescribed discharge standards, with suitable treatment costs, helping to save

and effectively reuse clean water.
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6.3.4. For the lead organization and research results application
establishments:

- For the lead organization and individual participating in the implementation
of the topic:

+ Improve the level of research and technology improvement for officials
involved in the implementation of projects in the field of coal gas wastewater
treatment, coking in particular and environmental treatment technology in general.

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

+ Publicized works (especially ISl 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 University. Nguyen, access
to 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 implementation
direction to serve the use of materials and technologies for wastewater treatment
coke, coal gasification, difficult to biodegrade, contribute to cleaning and

environmental Protection.

12



PL1



