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11. Tém tat cac két qua moi cua ludn an:
11.1. Muc dich cua luin an

- T4i st dung bun do lam nguyén liéu ché tao vat liéu xuc tac Fenton bang cach bién

tinh véi cac vat liéu nén carbon (than trau, graphene).

- Ung dung vat liéu ché tao xir 1i duoc khang sinh ciprofloxacin (CIP) trong nuwdc Sir

dung cdng nghé Fenton vai sy hd tro cua siéu &m hoic quang xuc tac két hop siéu am.

- Chi ra co ché qua trinh phan hity khang sinh CIP.

11.2. Péi twong nghién ciru ciia luin an

- Bun do;

- Vat liéu nén carbon (than trau, graphene);

- Nudce gia 1ap co6 chira khang sinh ciprofloxacin;

11.3. Cac phuong phap nghién ctru da sir dung

Két qua cta luan an duge thuc hién bang phuong phap thuc nghiém.

Vit liéu nén carbon (than trau) duoc ché tao mot budc bang phuong phap nhiét phan
nhanh, dap tat nhanh. Sau do, vat liéu to hop bun do/than triu duoc ché tao béng phuong
phap siéu am, trong khi vat liéu t6 hop tir bun doé/graphene duoc ché tao bang phuong
phap dién hoa. Hinh théi, cdu trac, dién tich bé mit riéng cta vat liéu duoc phén tich danh
gi4 trén co so cac phép do kinh hién vi dién tir quét (SEM), hién vi dién tir truyén qua
(TEM), tan sic ning luong tia X (EDX), phd quang dién tir tia X (XPS), nhidu xa tia X
(XRD), pho tan xa Raman va hap phu - giai hap N.



Vit lidu t6 hop duogc str dung 1am chit xtic tic Fenton phan hity khang sinh CIP véi sy
hd tro cla siéu am va quang — siéu am. Tu két qua thyc nghiém thu dugc, tinh toan hi¢u
sudt phan hiy, dong hoc phan Gng phan huy, ning luong hoat hoa cua phan Gng, nhiét
dong hoc ctia phan Gng, phan tich phd LC/MS tir d6 dé xuét co ché phan hiy khang sinh
CIP, danh gi4 hiéu qua cua qua trinh phan hay dé dua ra diéu kién ti vu cho xir Iy mau
nudce thai thuec.

3. Cic két qua chinh va két luan
3.1. Céc két qua chinh

- D3 thiét 1ap duoc diéu kién ché tao vat liéu nén carbon (than trdu) tir trdu bang phwong
phap nhiét phan nhanh (5 phut, 800°C) va dép tit nhanh (nudc lanh) va didu kién ché tao vat
liéu t6 hop tir bun dé/than trdu (RMR) bang phuong phap siéu am (ti 16 bun do:than trau 1a
1:10 w/w, siéu am 3 gid) va bun do/graphene (RMG) bang phuong phap dién hoa (2,95A;
30V, 3 gi®) ing dung 1am xtic tic Fenton phan hiy khéng sinh CIP trong nuéc voi sy hd trog
cua siéu am va quang — Siéu am;,

- Vat liéu t6 hop thu duge c6 cau triic xOp véi dién tich bé mit riéng (44,22 m?/g cho RMR
va 42,08 m?/g cho RMG) nhé hon bun dé va than trau nhung tong thé tich 16 xdp (1,3892
cm®/g cho RMR va 1,2181 cm®/g cho RMG) 16n hon cia than triu va graphene, ¢ cau
tric tinh thé va c6 chira thanh phan cac nhém chire ¢6 vai tro xuc tac (Fe-O, Si-O) va cac nhom
chirc chira oxy (-COOH, -OH) ¢6 vai trd hap phu chat 6 nhiém dén bé mat vat liéu giup qué
trinh phan huy x4y ra nhanh hon. Pong thoi giup giam dién trd do d6 tao diéu kién thuan
loi cho viée chuyén dién tir hodc tang mat do hat mang dién, tranh sy tai to hop cua dién
tir - 16 tréng nén tao thuan loi cho su hip thu anh sang tir 46 giup cai thién ning luong
ving cam cua vt lidu xtic tac din dén gitip dién tir chuyén tir dai héa tri 1én dai cong hoa
trj dé dang hon, gitp ting toc do tao ra gbc tu do khoi mao cho qua trinh phén huy.

- Qua4 trinh phéan huy CIP bang SF+ RMR va RMG dat hiéu qua t6t nhat (75 % va
75,2% CIP da duogc loai bo sau 180 phut) tai pH 3, Co=20 mg/L; LLVL=1,0 g/L; T=313
K va V=150 mL. Hiéu suat phan huy giam nhe xudng con 70% va 50,2% sau 5 lan tai st
dung. Phan tich co ché qué trinh phan huy cho thay: RMR va RMG phan huy CIP thanh
phan tir con ¢c6 m/z nhé nhat 14 168,8 va 204,8. Qué trinh phan hiy CIP bang SF + RMR
tuan theo mo hinh dong hoc gia bac 1 v&i toc do phan huy dat 0,00288 phutl. Ning
lugng hoat hoa ctia phan tng phan hiy 1a 12403,37 J/mol nhé phan tmg phan hity dién ra
v6i hang rao nang luong thap va dé xay ra hon. Qua trinh phan hiy CIP bang RMG c6
nang lugng hoat héa nho hon 0 chirng té cac phan trng khong ¢6 rao can. Qua trinh phan
hay bang RMR va RMG la thu nhiét — téa nhiét va xay ra do hap phu hoa hoc va/hoic co
su thay doi vé cdu trac cua vat liéu, phan tng khong tir phat, can cung cap ning luong va
cac goc hydroxyl ("OH), peroxide ("O2) dong vai trd quan trong nhét cho qua trinh phan
huy.

- Qua trinh phan huy bang SPF + RMR va RMG dat t6i wu (91,02% va 94,65%) tai
pH=5, Co=20 mg/L; t=180 phut, T = 313K va V=350 mL, lidu lugng vat liéu RMG 1a 1,0
g/L. Sau 5 lan tai st dung RMR va RMG, hiéu sudt phan huy giam xudng 77,27% va
72,82%. Phan tich co ché phan hay cho thiy: RMR va RMG phan huy CIP thanh méanh
con ¢6 m/z nho nhét 1a 138,7 va 138,8. Qua trinh phan huy tuan theo mé hinh dong hoc
gia bac 1 vé6i tbe d6 phan hiay 0,0045 phat!; 0,0112 phit?; 0,0123 phat™. Qué trinh cé
ning luong hoat hoa dwong va nho hon ctia mét s phan ing khac ching to cac phan tng



cO rao can nang lugng thép. Qua trinh thu nhiét, sy hon loan ting khi nhiét d ting lén,
phan ng ty phét ¢ nhiét do cao, va cac goc hydroxyl ("OH), peroxide (‘O2") dong vai tro
quan trong nhét cho qué trinh phan huy.

1.1.4. Két luin

- Két qua nhdn dugc tir luan 4n tao luan cir cung cip giai phap tdn dung bun do, than
trau tir chat thai thanh chét c6 ich cho cac muc dich bao vé méi trudng.

- Két qua nghién ctru 12 co s& dé dé xuét diéu kién tdi vu cho qua trinh xir Iy nude thai
thuc co chira khang sinh.

11.5. Nhirng van dé khoa hoc va ki thuit di dwoc giai quyét

- T4i sir dung dugc bun do (chét thai caa nganh cong nghiép san xuat nhém tir quang
Bauxite) va than trau (ché tao tir vo trau, chét thai caa nganh néng nghiép) lam.

- P& xuit duogc cac thdng sé tdi wu cho qua trinh xir Iy khang sinh ciprofloxacin trong
mau nudc pha, dong thoi dé xuat dugc co ché va phan tich duoc san pham cua qua trinh
phan hay khang sinh CIP bang vat liéu ché tao tir bun dé/than triu, bun do/graphene bing
phuong phap Fenton-siéu &m va quang-Fenton-siéu am.

11.6. Y nghia khoa hoc va y nghia thuec tién
* Y nghia khoa hoc

- Cung cap thém giai phap tan dung bun do, nho d6 c6 thé phat trién cong nghé tai st
dung moi truong pH cao va cac oxide trong bun thai cho cdc muc dich bao vé moi truong.

- Tim hiéu duoc nguyén ly, co ché va téng hop vat li¢u xtc tac trén co s& bun do,
than trau, graphene.

- Pé xuét duge co ché cua qua trinh xir 1y khang sinh.

* Y nghia thue tién:

- Tao duoc luan ¢t khoa hoc cho viéc bién bun do tir chat thai thanh nguén tai nguyén
c6 ich cho dau vao qua trinh xir Iy nudc dung cong nghé quang Fenton siéu am.

- M ra hudng tan dung cac vat li¢u vo triu thanh vat liéu dau vao cho qué trinh xu ly
CIP trong nudc bang cong nghé quang Fenton siéu Am mot cach triét dé, dong thoi giam
chi phi ché tao vat liéu, ndng cao kha nang tai st dung va thu hoi vat liéu.

11.7. Cac muc tiéu Kinh té va cac muc tiéu khac da dat dwoe va kha niing ving dung
thue tién
* Cac muc tiéu kinh té

- Giam gia thanh vat lidu xtc tac Fenton bang cach tan dung chat thai caa nganh cong
nghiép (bun do) va ndng nghiép (Vo trau).

- Pé xuat phuong phap xtr Iy khang sinh mét cach hiéu qua, tir ¢6 giap giam chi phi
cho qué trinh xir Iy chat 6 nhiém.,

* Kha ning wng dung thuec tién
- Kha niang ung dung trong xur Iy nuéc thai y té, nudc thai sinh hoat, nudc thai chin
nudi, nude thai cia nha may san xuat dugc pham. . .cao.
12. Cac huéng nghién ciru tiép theo

(1) Khao sat anh huong cua cac ion la (COs?, SO4%, NOs3, PO4*, Na*, K*, CI-...) va
nuéc nén (nude séng, nude ao, nudc hd, nudc cat, nwdc may...) dén hiéu suat loai bo CIP
dé 1am co so dua ra diéu kién xu 1y cho nudc thai thyc;

(2) Khao sat kha nang loai bo cac loai khang sinh khac (sulfamethoxazole,
tetracycline, enrofloxacin, levofloxacin, oxycycline,...) va cac chét hitu co khéac (thudc



nhuém, phenol, phenolic, thubc trir sdu,...) dé khang dinh tiém ning ¢ng dung cua vat
ligu;

(3) Khao séat anh hudng cua céc yéu té xu Iy khac (ngudn sang: Xenon,UVC, UVB,
anh sang mat troi; tan so siéu am, ...) dén hiéu qua xi 1y;

(4) Thir nghiém véi nudc thai thuc trén mé hinh pilot.
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11. Summary of the new findings of the thesis
11.1. Thesis purpose

- Reuse of red mud slurry as raw material for preparing of Fenton catalysts by
modification with carbon matrix materials (rice husk char, graphene).

- Applying the prepared catalysts for removal of ciprofloxacin (CIP) antibiotic in
aqueous solution using Fenton technology with the support of ultrasound or photocatalyst
combined with ultrasound.

- Suggesting the mechanism of degradation process of CIP antibiotic.

11.2. Objectives

- Red mud;

- Carbon matrix materials (graphene and rice husk char);

- Emulator water containing ciprofloxacin antibiotic.

11.3. Research methods
The dissertation’s results were done by experimental methods.

Carbon matrix materials (rice husk char) was one-step prepared using rapid pyrolysis and
rapid quenching. After that, the synthesized material of red mud/rice husk char was prepared
using ultrasound method, meanwhile the synthesized material based red mud/graphene was
synthesized using electrochemical method. Mophorlogy, structure and specific surface area of
obtained materials were analyzed using scanning electron microscope (SEM), transmission
electron microscopy (TEM), Wavelength-dispersive X-ray spectroscopy (EDX), X-ray
photoelectron spectroscopy (XPS), X-ray diffraction (XRD), Raman spectroscopy and N>
adsorption — desorption.

The synthesized materials were used as Fenton catalyst for degradation of CIP antibiotic
with the support of ultrasound and photocatalyst combined with ultrasound. Based on the
obtained experimental results, the degradation efficiency, degradation reaction Kinetics,
activation energy and thermal dynamics of degradation reactions were calculated and LC/MS
spectra was analyzed which were basis for suggesting the degradation mechanism of CIP
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antibiotic and evaluating the effectiveness of degradation process to show optimal conditions
for actual wastewater treatment.
11.4. Major results and conclusions

11.4.1.The major results

- Suggested the prepared conditions for carbon matrix material (rice husk char)
using rapid pyrolysis (5 minutes, 800 °C) and rapid quenching (cool water) and prepared
conditions for synthesized material based on red mud/rice husk char (RMR) using
ultrasound method (ratio of red mud:rice husk char is 1:10 wt/wt; 3 hours) and red
mud/graphene (RMG) using electrochemical method (2.95a, 30V and 3 hours) for applied
as Fenton catalyst for degradation of CIP antibiotic in aqueous solution with supporting
of ultrasound and photocatalyst combined with ultrasound;

- The obtained synthesized material indicated the porous structure with smaller
specific surface area (44,22 m?/g of RMR va 42,08 m?/g of RMG) than that of red mud
and rice husk char but higher the total of pore volume (1,3892 cm®/g and 1,2181 cm?/g,
respectively), crystalline structure and containing the functional group component (Fe-
O, Si-0) which indicates catalytic capacity and oxygen-containing functional groups (-
COOH, -OH) which shows the adsorption role to attract the pollutants to catalyst’s
surface aiming to enhance the degradation speed. At the same time, it also helps to
decrease the resistance thus it is beneficial for electron transfer or density increase 0
electric-containing particles, advoiding the recombination of electron-hole which is
convenient for light absorption leading to improve band gap of catalyst thus electrons are
easier to jump from valence band to covalence band.

- The highest efficiency of CIP degradation using SF+RMR and RMG (75% and
75,2% after 180 min) was achieved at pH 3, Co=20 mg/L; catalyst dose = 1.0 g/L;
T=313K and V=150 mL. Degradation efficiency decreased slightly to 70% and 50,2%
after 5 cycles of reuse. The analysis of degradation mechanism indicated that: RMR and
RMG degraded CIP to fragment with smallest m/z of 168.8 and 2944.8. CIP degradation
using SF+RMR complied following the 1% order kinetics with degradation rate of 0.0028
min-1. The activation energy of degradation reaction (12403.37 J/mol) was small thus
the reaction occured with low energy barrier. Degradation process of CIP using RMG
showed the minus activation energy demonstrated no barrier reaction. The reactions with
appearance of RMR and RMG were endothermic —exothermic and happened due to
chemical adsorption and/or the change of structure of catalyst. The reaction was
nonspontaneous which needed to add more energy. The hydroxyl ("OH) and peroxide
('O2") radicals played vital roles for degradation reaction.

- The degradation process using SPF + RMR and RMG was highest (91,02% va
94,65%) at pH 5, Co=20 mg/L; t=180 min; T = 313K and V=350 mL, catalyst dose = 1,0



g/L. After 5" cycles of reuse of RMR and RMG, degradation efficiency decreased to
77,27% and 72,82%. Analyzing the degradation mechanism showed that: RMR and
RMG decomposed CIP to form fragments of smallest m/z of 138.7 and 138.8. The
degradation process obeyed 1% order kinetics with degradation rate of 0.0045 min;
0.0112 mib*; 0.0123 min. The activation energy of reactions was positive and smaller
than the value of different reactions proved the low energy barrier. The process was
endothermic, and entropy increased with increasing of temperature, and it was
spontaneous at hight temperature.The hydroxyl ("OH) and peroxide (‘O2") played vital
roles for initating the degrdation reactions.

11.4.2. Conclusions

- Research results of dissertation is basis which supplied the reuse solution of wastes
such as red mud and rice husk to protect environment.

- Research results are the basis for suggesting the optiomal conditions for
wastewater treatment containing antibiotics.

12. Futher research directions

- Investigating the effect of strange ions (CO3s?, SO4*, NOs', POs*, Na*, K*, CI-...)
and water matrixes (lake, pond, river, distilled water, ...) on removal efficiency of CIP;

- Investigating the removal ability of other antibiotics (sulfamethoxazole,
tetracycline, enrofloxacin, levofloxacin, oxycycline,...) and other organic
compounds(dyes, phenol, phenolic, pesticides...) to confirm the application capacity of
catalysts.

- Investigating the other factors (light sources: Xenon,UVC, UVB, sunlight;
ultrasound frequenze, ...) on removal efficiency of CIP.

- Testing on pilot scale model.
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