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11. Tém tat cac két qua mdi cua ludn an:

Luan an dugce thuc hién vai muc tiéu cdt 16i 1a khéc phuc nhitng han ché ky thuat
ctia xtic tic quang dang bot truyén thong, dic biét 1a kho khan trong cong doan
thu hdi vat liéu va hién tuong tai hop nhanh cua cdp dién tu - 16 tréng. bé giai
quyét thach thic nay, nghién ctru tap trung phat trién cac hé vat liéu lai di thé
hoat dong hiéu qua dudi anh sang kha kién, dong thoi tdi wu hoa quy trinh cb
dinh chung 16n nén polymer dé tao ra thé hé mang loc xUc tac quang cd do bén

cao, hudng toi ing dung bén viing trong xir 1y nudc thai.

Vé mit cong nghé ché tao, luan an da xdy dung thanh cong quy trinh téng hop
moi dé tich hop hé vat liéu composite ban dan trén co so kim loai oxide (CuO,
Fe,0s, MnO2) va khung hitu co kim loai chirc niang hoa (UiO-66-NO;) vao ciu
tric mang mong Polyamide (PA) trén nén Polysulfone (PSf). Cac vat liéu tong
hop dugc khong chi s¢ hiru dién tich bé mat riéng 16n (460 - 908 m?/g) véi nang

lwong ving cdm hep (2,1 - 2,25 eV), ma con duoc phéan tan va cd dinh chic chin



trong 16p mang chon loc. Céch tiép can nay gitip tao ra mang xuc tac dang TFC
(thin-film composite) v6i hoat tinh cao, bé mit 6n dinh, giai quyét triét dé bai

toan tach va thu hoi xuc tac sau xur 1y.

DPoéng gop quan trong nhat cua luin an 1a viée cung cAp mot danh gia so sanh hé
théng vé hiéu qua va do bén van hanh gitra cac hé mang bién tinh kim loai oxide
khéac nhau. Két qua thyc nghiém khéng dinh sy uu viét cua hé mang chira CuO
va Fe;03 vé6i hiéu suét loai bo xanh methylen dat trén 99%, dong thoi duy tri
hoat tinh 6n dinh (trén 97%) sau nhiéu chu ky tai sir dung. Nguoc lai, h¢ mang
chira MnO; tuy thé hién kha ning xt 1y dang ké ngay ca ¢ tai lwong 6 nhiém cao,
nhung lai boc 16 han ché 16n vé do bén khi hiéu suét suy giam nhanh chéng qua
cac 1an tai sinh. Nguyén nhan dugc xac dinh 1a do tinh oxy héa manh ciia MnO
da gay ra céac tac dong tiéu cuc 1én ciu trac nén polymer hitu co. Pay la phat
hién c6 gia tri khoa hoc cao, gitp dinh hudng viéc lga chon vat liéu xuc tac phu

hop cho cac tmg dung thuc tién.

Vé co s& khoa hoc, nghién ctru da lam sang té co ché hoat dong cua h¢ vat li¢u
thong qua cac md hinh dong hoc va thuc nghiém biy gbc ty do. Qua trinh quang
xuc tac trén mang tuan theo md hinh dong hoc gia bac mot, trong dé su hinh
thanh ctia cac gdc ty do *Oy~ va *OH dong vai tro chu dao. Viéc két hop thanh
cong gitta MOFs va kim loai oxide dé hinh thanh cau trac di thé d3 duoc chimg
minh 13 giai phap hiéu qua gilp thic day qua trinh phan tach va han ché sy tai

hop cuia cap dién tir - 16 tréng, tir 46 nang cao hiéu suat lugng tir tong thé.

Két qua ctia ludn 4n mang lai ¥ nghia thyc tién to 10n, mé ra trién vong ap dung
cong ngh¢ mang xuc tac quang trong xur Iy nudc thai dét nhudm va cong nghiép
hoa chat. Véi uu diém vé do bén co hoc, kha ning hoat dong trong ving anh
sang kha kién va khong yéu cau quy trinh thu hoi phtic tap, cac hé mang CuO va
Fe203/Ui0-66-NO2/TFC-PA hoan toan phu hop dé trién khai trong cac hé théng
loc dong chay lién tuc, gop phan giam thiéu chi phi van hanh va thuc day cac
giai phap cong ngh¢ "xanh" bao v¢ moi truong.
12. Cac hudng nghién ctru tiép theo:

- Tién hanh khao sat xir 1y trén cac mau nudc thai thuc té.



- Nghién ctru khao sat kha nang tach loc ciia mang.
- Nghién ciru mé rong quy mo, ung dung hé mang vao thuc tién.
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Pai, “Nghién ctru tong hop vat liéu xtc tic quang CuO/UiO-66-NO2 tng dung
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Vol. 29, pp. 71-77, 2023.
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11. Summary of the new findings of the thesis

The primary objective of this thesis is to address the technical limitations
associated with traditional powdered photocatalysts, specifically the challenges
regarding catalyst recovery and the rapid recombination of electron-hole pairs.
To overcome these obstacles, the research focuses on developing
heterojunction material systems that operate effectively under visible light,
while simultaneously optimizing their immobilization onto a polymer matrix.
The ultimate goal is to generate a class of high-durability photocatalytic
membranes oriented towards sustainable wastewater treatment applications.

Regarding synthesis technology, the thesis has successfully established a novel
synthesis protocol to integrate semiconductor composite systems based on
metal oxides (CuO, Fe203, MnOz) and functionalized metal-organic
frameworks (UiO-66-NO>) into the structure of a Polyamide (PA) thin-film
supported by a Polysulfone (PSf) substrate. The synthesized materials not only
possess large specific surface areas (460 - 908 m?/g) with narrow band gap
energies (2.1 - 2.25 eV) but are also well-dispersed and firmly immobilized

within the selective layer. This approach facilitates the creation of thin-film



composite (TFC) photocatalytic membranes exhibiting high activity and
surface stability, thoroughly resolving the issue of post-treatment catalyst
separation and recovery.

The most significant contribution of this study is the systematic comparative
assessment of the efficiency and operational durability among different metal
oxide-modified membrane systems. Experimental results confirm the
superiority of the membranes containing CuO and Fe.Os, achieving Methylene
Blue removal efficiencies exceeding 99%, while maintaining stable activity (>
97%) after multiple reuse cycles. Conversely, although the MnO-containing
membrane demonstrated significant treatment capability even at high pollutant
loads, it revealed a major limitation regarding durability, with efficiency
declining rapidly across regeneration cycles. This degradation was attributed to
the strong intrinsic oxidizing property of MnO2, which exerted detrimental
effects on the organic polymer matrix structure. This finding is of high
scientific value, providing critical guidance for the selection of appropriate
catalytic materials for practical applications.

Regarding the scientific basis, the study elucidated the operating mechanism of
the material systems through Kkinetic models and radical scavenging
experiments. The on-membrane photocatalytic process was found to follow the
pseudo-first-order kinetic model, in which the formation of superoxide (+O2")
and hydroxyl (¢OH) radicals plays a dominant role. The successful combination
of MOFs and metal oxides to form heterojunction structures was proven to be
an effective solution to promote charge separation and suppress electron-hole
pair recombination, thereby enhancing the overall quantum efficiency.

The findings of this thesis offer immense practical significance, opening up
promising prospects for the application of photocatalytic membrane technology
in the treatment of textile dyeing and chemical industry wastewater. With
advantages in mechanical strength, visible-light activity, and the elimination of
complex recovery processes, the CuO and Fe.03/Ui0-66-NO2/TFC-PA

membrane systems are highly suitable for deployment in continuous flow



filtration systems, contributing to minimizing operational costs and promoting
"green” technology solutions for environmental protection.
12. Futher research directions
- Conduct treatment performance assessments on real wastewater samples.
- Investigate the filtration and separation capabilities of the membrane.
- Research the scalability and practical implementation of the membrane system.
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