U L4 U L3

yay$nd m3ed - msdnwnalnnswdeuleasendwiialesyadunsasusulaens
uvan@an vuduseuisenuduuenifalaeenlennieIsnsiasieiaaumians
3A01AINNITATUIU T U SadNTUF A a (MECHANISTIC STUDY OF
5-HYDROXYMETHYLFURFURAL  TO  2,5-FURANDICARBOXYLIC ~ACID ON
BETA-MANGANESE DIOXIDE ~ CATALYSTS: FIRST  PRINCIPLES  INFORMED

a s

MICROKINETIC ANALYSIS). 819158#1USn® : s8armansianse as.ging g5510a,

128 it

o o

mddey : lensenduiiamesyia ninyusulamivendia nmsdnwudenaln usaniilala

9nlee Ul INTULEaANUMLILLY LUUTI8RINIITaUNEAIENS

Ujiseuelstneenfindures 5-lensenduiiameinsa (HMF) lidu 2,5-nsayusu

laansusn@an (FDCA) lasunisAnenagnaninauing 1ieeann FOCA wWulnluuesdmsundn
a aal d' v A
Y

= &) a sal Y o Y ] aaa o o
wodteNduysluien (PEF) Fadulnfimeidinmnidniud mswauidusaufisend

a a

Ussavdnmiifisnanliunedinadudaiviome wiusnilalasenles lagniaueindusiis

| v
o [ aaa I

Padmsuufizend egrelsinudinianinudlagdnineiduguanduaznalnnis

v v
d

WaUAseuunuiIvesiseUgAzeni 314mﬁwuﬁ‘ﬁﬁ%auamsﬁﬂwma%msLﬁmUﬁﬁ%m
3By HMF Uiy FDCA vuiufamidania (110) vesissufAsenuduusniiala
sanlen MmeszslouIsilaidunaanuvuiniy warlinsgigaautainiaunamans wa
MIIATITINIIaUNadIan swandbiiuIU Az euiianiu 2,5 lawestafausu (DFF)
snnifary nsa 5-lensenBiuiia-2-yusu (HMFCA) Aeufinzgnivdeuludy nse 5-vef
fia-2-f7usu (FFCA) wne FDCA vaiidunouluniswdsy DFF (Ju FFCA way FFCA Ju

= 1

FDCA Wutumauninundnsilunisiiaujiservuiui iliduasdivylansenda (OH)
mudaiu Auauivivaumansdliifusgisdaiauds vyflensendaiidnsnawazdiely
] aaa a o a = & a ga oo w

nsrvIuNsssiseneendinduves HMF lurneioandnuuunuiniunumnddglu
an1gRuRINivg OH Ysuum eendaunilainudiedhigansassyiln (OH uageandiau
Wui?) Junuimdifgegdanuniduasunisiiauisereandiaduaed FFCA nsAnwug
o a a e 1 oA [ a [ aaa Y a

Analuingrinusdliiisssgigedursungnisallussauliianavesjiseuunuin

] 5 1 L2 A v [ a a g ! aaa d‘
Wiy wanadwsalagudunumisdunisusulpdssaniamasdasswjiseiilulans

sonlendmsuuiisentuniswasy HMF \u FDCA 8ndne

¢
a P A A o e
g IAll aeilotounAny Vv }"m
UmsAnw 2566 ailefonssiiving —<~ ;4/

]
§ o e ] 4 e
aeflofoonansdiuinunsan — At < et




BUNRAT THARAT : MECHANISTIC STUDY OF 5-HYDROXYMETHYLFURFURAL TO
2,5-FURANDICARBOXYLIC ACID ON BETA-MANGANESE DIOXIDE CATALYSTS:
FIRST PRINCIPLES INFORMED MICROKINETIC ANALYSIS. THESIS ADVISOR :
ASSOC. PROF. SUWIT SUTHIRAKUN, Ph.D. 128 PP.
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Aerobic oxidation of 5-hydroxymethylfurfural (HMF) to 2,5-furandicarboxylic
acid (FDCA) has been extensively studied because FDCA is a monomer for producing
polyethylene furanoate (PEF), the well-known bio-based polymers. The development
of efficient catalysts with inexpensive prices is still challenging. Manganese dioxide
(B-MnO,) has been proposed as a promising candidate for this reaction. However, a
deep understanding of the nature of the active and full reaction mechanism over
this catalyst’s surface is still lacking. This thesis presents a complete mechanistic
study of HMF to FDCA over the B-MnO,(110) surface investigated by the density
functional theory (DFT) method and microkinetic analysis. Microkinetic analysis
suggests that the 2,5-diformylfuran (DFF) path is preferable than the
5-hydroxymethyl-2-furan carboxylic acid (HMFCA) path before proceeding to the
5-formyl-2-furan carboxylic acid (FFCA) and FDCA. The DFF-to-FFCA and FFCA-to-
FDCA are the rate-determining steps on the bare and. hydroxylated surfaces,
respectively. The kinetic properties clearly suggest that OH promotes HMF oxidation,
while surface oxygen also plays a role in the low OH coverage. Both active oxygen
species (i.e. OH and surface oxygen) are crucial to promote the FFCA oxidation
reaction. This thesis not only reveals the molecular-scale phenomena of the surface
reaction, but the outputs also guide the way to improve the activity of metal oxide-

based catalysts for the HMF to FDCA reaction.
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