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11. Tém tat cac két qua moi cua luan an:

11.1. Béi twong va Pham vi nghién ciru

Doi twong nghién ciru:
+ Cac dang vat liéu lai (NiO/Pt, WO3/Pt, NiO/Cdot, CNT/Ru) tng dung cho dién cuc d6i
cua DSSC.
+ Cac yéu t6 anh huong dén kha niang tng dung DSSC ché tao duoc tai Viét Nam nhu:
Tiém ning ning lugng mit trdi (blrc xa mit trdi) theo thoi gian cac thang trong nam tai
Viét Nam, Sy san c6 ciia nguyén liéu ché tao (Ni, W, vat liéu cacbon CNT, Cdot, ...), Co
ché chinh sach cho phat trién dién mat troi tai Viét Nam, ...
Pham vi nghién curu:
+ Pham vi ndi dung: Nghién ctru tdp trung vao vat li¢u lai cia Niken oxit (NiO) va Tungsen oxit
(WO3) voi Pt va 2 dang vat liéu lai khong chira Pt 1a NiO/Cdot va CNT/Ru; kha nang trng dung
DSSC ché tao duoc tai Viét Nam.
11.2. Muc tiéu nghién ciru

+ Téng hop dugc vat liu lai trén co s¢ oxit kim loai va Pt nham thay thé mot phén Pt
trong dién cuc ddi ctia DSSC

+ Téng hop dugc vat li¢u lai thay thé hoan toan Pt trong dién cuc ddi cua DSSC.

+ Panh gia dugc tinh chit dién hoa cua cac dién cuc ddi ché tao duoc cling nhu hié¢u
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suit caa DSSC str dung cac dién cuc ddi trén v6i muc tiéu tao ra DSSC ¢ hiéu suét cao
va giam thiéu str dung nguyén liéu gia thanh cao (Pt).

+ Danh gia dugc tiém nang va dinh huéng ing dung DSSC ché tao duoc tai Viét Nam.
11.3. Ynghfa khoa hoc cua luan an

NiO,WO;3 duoc ché tao thuy nhiét va lai v6i Pt théng qua cong nghé khir plasma
kho trong diéu kién ap suit khi quyén. Viéc két hop cac hat nano Pt vao vit liéu NiO, WO3
cung cap nhiéu vi tri hoat dong xtic tac hon cho téc do phan mg oxy hoa khir cao hon,
nham ting hiéu suat chuyén dbi nang luong cua ciia cic té bao quang dién.

Viéc nghién ctru cac dang vat li¢u lai khong st dung Pt, ing dung trong CE cua
DSSC ciing dugc nghién ciru nhim thay thé Pt (trir luong thap, gia thanh cao) bang dang
vat liéu lai c¢6 hinh théi dac biét, chi phi thép hon, img dung hi¢u qua trong DSSC cho hi¢u
sudt chuyén doi ning lugng twong dwong voi DSSC sir dung Pt-phiin xa truyén thong.
11.4. f’nghfa thuee tién cia ludn dan

Niken va Vonfram la cac dang tai nguyén co trit lugng 16n tai Viét Nam, c6 kha nang
khai théc va st dung cao. Rutheni (Ru) c6 trit luong 16n hon Platin (Pt), ddng thoi CNT, Cdot
ciing dugc ché tao don gian tir cac ngudn nguyén lidu da dang, sin c6 tai Viét Nam.

Cong nghé ché tao dién cuc duge xay dung don gian va it phu thudc vao cac hoa
chat doc hai. Viéc s dung NiO, WO3, va CNT/Ru trong cac dién cuc khong doi hoi cac
quy trinh phtrc tap hodc can thiét sir dung cac dung méi hay hoa chat doc hai.

11.5. Noi dung nghién cuu
+ Ché tao oxit kim loai (NiO, WO3) ¢6 hinh thai, cau triic dic biét lam ting dién tich bé
mat riéng, tinh chat xuc tac cua vat lidu.
+ Ché tao vat liéu lai (N1O/Pt, WO3/Pt) ing dung trong céc dién cuc ddi cuia DSSC nham
thay thé mot phén Pt ing dung trong dién cuc ddi, cai thién dic tinh dién hoa cua dién cuc
doi, nang cao hiéu suat cua DSSC.
+ Ché tao vat liéu lai khong Pt (NiO/Cdot, CNT/Ru) tng dung trong cac dién cuc dbi cta
DSSC nhim thay thé hoan toan Pt trong dién cuc d6i, nang cao hiéu suat chuyén déi ning
lugng cuia DSSC.
+ Pénh gia tinh chat dién hoa cua cac dién cuc dbi ché tao duoc va hiéu sudt ciia DSSC
véi cac dién cuc dbi trén.
+ Péanh gia tiém nang, tinh pht hop va dinh hudng phat trién, tmg dung DSSC tai Viét
Nam.
11.6. Nhitng phwong phdp nghién cvuu sw dung trong ludgn dan
- Phuong phép ché tao vat liéu NiO, NiO/Pt, NiO/Cdot, WO3, WO3/Pt, CNT/Ru
- Phuong phap ché tao dién cuc d6i dua trén cac vat liéu NiO, NiO/Pt, NiO/Cdot, WQOs,
WO3/Pt, CNT/Ru
- Ché tao pin nang lwong mit trdi nhay quang
- Phuong phép xac dinh tinh chat vat liéu (SEM, TEM, HR-TEM, EDX, XRD, XPS)
- Phuong phap xac dinh tinh chét dién hoa cua dién cuc dbi (Quét thé vong (CV), do tong
tro dién hoa (EIS), Pho d6 pha Bode, Pudng cong phan cuc Tafel)
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- Phuong phap xac dinh hiéu sut va dic tinh ctia DSSC (Khao sat dic tinh dong quang
dién — thé, Khao sat dudong cong IPCE, Khao sat mdi twong quan giita dong quang dién va
thot gian)

- Phuong phap mé hinh hoa sir dung phan mém Opengrads

11.7. Nhitng dong gop moi cua ludn dn

+ Tong hop duge vt liéu lai NiO/Pt, WO3/Pt véi cau tric hinh thai dic biét 1an dau
tién duoc irng dung lam dién cuc ddi cho DSSC véi cac dic trung quang dién tdt hon dién
cuc NiO va dién cyc Pt phin xa truyén thong.

+ Tong hop duoc vat liéu lai NiO/Cdot, CNT/Ru cAu triic hinh thai dic biét lan dau
tién dugc Gmg dung lam dién cuc dbi (hoan toan khong sir dung Pt) cho DSSC véi céc dic
trung quang dién tot gan twong duong v4i dién cyc Pt phun xa truyén thong.

+ Pinh huéng phat trién DSSC ché tao duoc tai Viét Nam véi diéu kién burc xa,
ngudn cung cap nguyén liéu ché tao.

12. Céac hudng nghién ctru tiép theo: Toi wu hoa ti 18 cac thanh phan lai trong vat lidu
nham ning cao hiéu sudt chuyén doi nang luong cua pin ning lwong mit troi nhay
quang, danh gia kha ning thuong mai héa pin ché tao dwoc tai Viét Nam.
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11. Summary of the new findings of the thesis:
11.1. Object and Scope of Study

a s bR

Subjects of study:

+ Hybrid materials (NiO/Pt, WO3/Pt, NiO/Cdot, CNT/Ru) applied to DSSC's counter
electrode.

+ Factors affecting the ability to apply DSSC manufactured in Vietnam such as: Solar
energy potential (solar radiation) according to the months of the year in Vietnam,
Availability of manufacturing materials (N1, W, CNT carbon materials, Cdot, ...),...
Scope of study:

+ Scope of content: Research focuses on hybrid materials of Nickel oxide (NiO) and
Tungsten oxide (WOs3) with Pt and 2 forms of hybrid materials without Pt, namely
NiO/Cdot and CNT/Ru; the ability to apply DSSC manufactured in Vietnam.

11.2. Research Objectives

+ Synthesize hybrid materials on the basis of metal oxide and Pt to replace part of Pt in the
opposite electrode of DSSC

+ Synthesize hybrid materials that completely replace Pt in the opposite electrode of
DSSC.

+ To evaluate the electrochemical properties of the fabricated electrodes as well as the
performance of DSSC using the above electrodes to create DSSC with high efficiency and
minimize the use of high-cost materials (Pt).

+ Evaluate the potential and orientation applications of manufactured DSSC in Vietnam.
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11.3. Scientific significance of the thesis

+ NiO, WOs is synthesized hydrothermally and hybrid with Pt through dry plasma

reduction technology under atmospheric pressure conditions. The incorporation of Pt

nanoparticles into NiO, and WOz materials provides more catalytic active sites for higher

redox reaction rates, thereby increasing the energy conversion efficiency of photovoltaic

cells.

+ The research on hybrid materials without the use of Pt, application in CE of DSSC is

also researched to replace Pt (low reserve, high cost) with hybrid materials with special

morphology, lower cost, effective application in DSSC for energy conversion efficiency

equivalent to DSSC using traditional Pt-sputtering.

11.4. Practical significance of the thesis

+ Nickel and tungsten are forms of resources with large reserves in Vietnam, with high

exploitation and use. Ruthenium (Ru) has a larger reserve than Platinum (Pt), and CNT

and Cdot are also simply made from diverse raw materials, available in Vietnam.

+ The electrode manufacturing technology is simple to build and relies less on toxic

chemicals. The use of NiO, WOs3, and CNT/Ru in electrodes does not require complex or

necessary processes using solvents or toxic chemicals.

11.5. Research content

+ Fabrication of metal oxides (NiO, WO3) with special morphologies and structures that

increase the specific surface area and catalytic properties of the material.

+ Fabrication of hybrid materials (NiO/Pt, WO3/Pt) applied in DSSC's counterparts in

order to partially replace Pt applied in opposites, improve the electrochemical properties

of opposites, and improve the performance of DSSC.

+ Fabrication of non-Pt hybrid materials (NiO/Cdot, CNT/Ru) applied in DSSC's opposite

electrodes to completely replace Pt in opposite electrodes, improving DSSC's energy

conversion efficiency.

+ Evaluation of the electrochemical properties of the fabricated electrodes and the

performance of the DSSC.

+ Assessment of potential, suitability, and orientation for the development and application

of DSSC in Vietnam.

11.6. Research methods

+ Methods for fabricating NiO, NiO/Pt, NiO/Cdot, WO3, WOs/Pt, CNT/Ru materials

+ Electrode fabrication method based on NiO, NiO/Pt, NiO/Cdot, WO3, WO3/Pt, CNT/Ru

materials

+ Fabrication of Dye-sensitized solar cells

+ Methods for characterizing material properties (SEM, TEM, HR-TEM, EDX, XRD, XPS)

+ Methods for determining the electrochemical properties of CEs (cyclic voltammograms

(CV), electrochemical impedance spectroscopy (EIS), Bode curves, and Tafel

measurements)

+ DSSC Performance and Characterization Methods (Characteristic current density—voltage
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curves of DSSCs, IPCE measurement, J-t measurements)

+ Modeling method using Opengrads software

11.7. New contributions of the thesis

+ Synthesizing NiO/Pt, WO3/Pt hybrid materials with special morphological structures for
the first time applied as electrodes for DSSC with better photoelectric characteristics than
traditional NiO electrodes and sputtering Pt electrodes.

+ Synthesized NiO/Cdot, CNT/Ru hybrid materials with a special morphological structure
for the first time applied as a counter electrode (completely without using Pt) for DSSC
with good photoelectric characteristics almost equivalent to traditional sputtering Pt
electrodes.

+ Orientations for the development of DSSC manufactured in Vietnam under the
conditions of radiation, supply of manufacturing materials.

12. Further research directions: Optimizing the ratio of hybrid components in CE
materials to improve the energy conversion efficiency of DSSCs, evaluating the
possibility of commercialization of DSSCs manufactured in Vietnam.
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