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11. Summary of the new findings of the thesis:

—SBA-15 and MCM-41 mesoporous materials containing Al and Zr in their
lattices have been successfullly synthesized by advanced methods such as sol-gel,
atom-implanting. Al-SBA-15 synthesized by atom-implanting method is a novel
catalyst not yet announced before.

—The Lewis and Bronsted acidity (including the number of acid sites and acid
strength) in AI-SBA-15 and Al-MCM-41 have been adjust through changing the Al
content introduced into lattices into reach the highest efficiency of 5-HMF.

—The effect of acidity, involving the total amount of Lewis and Brgnsted acid
sites, the ratio of Lewis/Bronsted acid sites, and the ratio of the strong to medium/weak
acid sites on 5-HMF convertibility and selectivity, has been studied systematically and
comprehensively. It has been proved that the ratio of Lewis to Brgnsted acid sites and
the ratio of strong to medium acid sites are two determinants of 5-HMF selectivity and

efficiency. At the same time, it has been shown that the catalysts with a large number



of acid sites do not increase but a decrease in the 5-HMF selectivity when the total
number of Bregnsted + Lewis acid sites increases. These findings direct the
optimization and design of highly efficient solid acid catalysts converting cellulose
into 5-HMF.

12. Pratical applicability:
The findings of the study provide a full range of accurate, scientific and truthful
data and can serve as the reference for the more extensive research of other scientists.
The findings of the thesis are of pratical significance in the introduction of novel
and highly efficient catalysts used in the conversion of cellulose into 5-HMF, which

are certainly applied in a variety of industrial fields.

13. Further research directions:
In later studies, to ensure the scientific praticality of the study in well-defined
applications, cellulose derived from agroforestry by-products such as bagasse,

straw,etc shall be used as the study object.

14. Thesis-related publications:

1. Pham Tung Son, Le Ha Giang, Nguyen Ba Manh, Pham T Thu Trang, Le
Thanh Son and Vu Anh Tuan (2018), “Catalytic conversion of cellulose to 5-
hydroxymethylfurfural (5-HMF) over SO, ZrO,/SBA-15 solid acid catalyst”,
Vietnam Journal of Chemistry 56(4el), pp.5-9.

2. Son Tung Pham, Manh B. Nguyen, Giang H. Le, Trang T. T. Pham,Trang
T. T. Quan, Trinh Duy Nguyen, Thanh Le Son and Tuan Anh Vu (2019),
“Cellulose Conversion to 5 Hydroxymethyl Furfural (5-HMF)Using Al-
Incorporated SBA-15 as Highly Efficient Catalyst”,Hindawi-Journal of
Chemistry, Article ID 5785621, 8 pages.

3. Pham Tung Son, Le Ha Giang, Nguyen Ba Manh, Pham Thi Thu Trang,
Vu Quang Loi, Le Thanh Son and Vu Anh Tuan (2020), “Catalytic conversion of
cellulose to 5-hydroxymethylfurfural (5-HMF) over nano SO,*-ZrO,/MCM-41
Catalysts”, VNU Journal of Science: Natural Sciences and Technology 36(1),



pp.71-78.
4.  Son Tung Pham, Ba Manh Nguyen, Giang H Le, Andras Sapi, Imre Szenti,
Zoltan Konya and Tuan A Vu (2020), “Role of Brensted and Lewis acidic sites in
sunfonated Zr-MCM-41 for the catalytic reaction of cellulose into 5-
hydroxymethyl furfural”, Reaction Kinetics, Mechanisms and Catalysis (SCI-E).
5. Son Tung Pham, Manh B. Nguyen, Giang H. Le, Trinh Duy Nguyen,
Giang T.T Pham, Thanh Son Le and Tuan A. Vu. “Influence of Brensted and
Lewis acid sites of AI-MCM-41 catalysts on cellulose conversion and 5-HMF
selectivity” Chemosphere,(available online:

Ha Noi, November,2020

Supervisor PhD Student

Prof.Dr.Le Thanh Son Pham Tung Son



THONG TIN VE LUAN AN TIEN Si

1. Ho va tén nghién ctru sinh: Pham Tung Son 2. Gigi tinh: Nam
3. Ngay sinh: 19/10/1983 4: Noi sinh: Ba Dinh, Ha Noi
5. Quyét dinh céng nhan nghién ctu sinh sé: 2875/QD-DHKHTN ngay 07/08/2015
cua Trudng Pai hoc Khoa hoc Ty nhién, Pai hoc Québc gia Ha Noi
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11. Tom tat cac két qua méi cua luan &n:

— Pa téng hop thanh cong céc vat lidu mao quan trung binh MCM-41, SBA-15
chira kim loai Zr, Al trong khung mang bang cac phuong phap téng hop tién tién nhu
sol-gel, cdy nguyeén tir. Trong d6 xuc tac Al-SBA-15 dugc tong hop bang phuong phap
cay nguyén tir 12 x(ic tic méi hoan toan chuwa c6 cong trinh nao cong bo.

— Pi diéu chinh duoc do axit Lewis va Brensted (lwgng tdm va cuong do tam)
trong xuc tac Al-SBA-15 va AI-MCM-41 thong qua viéc thay d6i ham lugng Al dua
vao khung mang dé dat hiéu suét tao 5-HMF cao nhit.

— D3 nghién cttu mot cach hé théng va toan dién anh huong cua do axit: luong
tdm axit Bregnsted va Lewis, ty I¢ tdm Lewis/Bronsted, ciing nhu ty I¢ tdm axit
manh/trung binh dén d6 chuyén hoa cellulose va do chon loc 5-HMF. D3 chting minh
dugc hai yéu td quyét dinh 1a ty 18 Lewis/Bransted va ty 1é tam axit manh/trung binh
cd tinh chat quyét dinh dén do chon loc va hiéu suat san pham 5-HME. Bong thoi ciing
da chting minh duoc rang xdc tac c6 tong ham luong tam axit 16n khong 1am ting do
chon loc 5-HMF ma con gay giam do chon loc khi ting ham Iluong tam

Bransted+Lewis. Tir nhitng két qua nay giup ta dinh hudng trong viéc toi wu va thiét



ké hé xuc tac axit rin hiéu qua cao trong chuyén hoa cellulose thanh 5-HMF.
12. Kha ning ung dung thuc tién:

Céc két qua nghién ctu, khao sat cung cip day du nhitng dix liéu chinh xac,
khoa hoc, trung thuc va c6 thé duoc sir dung 1am tai liéu tham khao cho viéc nghién
ctru sau hon, da dang hon cho cac nha khoa hoc.

Két qua luan an c6 ¥ nghia thuc tién cao trong viéc dua ra duoc ca hé xic tac
méi, hiéu qua cao trong qué trinh chuyén hoa cellulose thanh 5-HMF 1a san pham tng
dung da dang trong nhiéu linh vuc ¢éng nghiép khac nhau.

13. Cac huéng nghién ciu tiép theo:

Trong cac nghién ctru sau nay, dé dinh huéng ¢ng dung cua nghién ctu nay c6
gia tri khoa hoc thuc tién cao, d6i twong nghién ciu sit duoc st dung 1a cellulose tir
ngudn phu pham néng 1am nghiép nhu ba mia, rom ra...
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