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DANH MUC KY HIEU VA CHU CAI VIET TAT

STT | Ky hiéu viét Néi dung viét tit Nghia tiéng Anh
tat
1 SitWo Ti I¢ mol Si:W=1:9
2 SisW5 Ti 1€ mol Si:W=3:7
3 SisWs Ti I¢ mol Si:W=5:5
4 Si7Wjs Ti I¢ mol Si:W=7:3
5 SigW1 Ti I€¢ mol Si:W=9:1
6 TitWo Til¢ mol Ti:W=1:9
7 TisW> Ti I¢ mol Ti:W=3.7
8 TisWs Ti Ié¢ mol Ti:W=5:5
9 Ti7Ws Ti I¢ mol Ti:W=7:3
10 TigW1 Ti I€¢ mol Ti:W=9:1
11 Zr1Wo Ti 1€ mol Zr:W=1:9
12 ZrsWy Ti 1€ mol Zr:W=3:7
13 Zr3Ws Ti 1€ mol Zr:W=5:5
14 Zr7\Ws Ti 1€ mol Zr:W=7:3
15 ZrgWi Ti 1€ mol Zr:W=9:1
16 TZ9 9ZrO2/WOs(phuong phap
ngam tam)
17 TT9 9TiO2/WO3(phuong phap
ngam tam)
18 TS9 9Si02/WOs(phuong phap
ngam tam)
19 BMIM 1-butyl-3- 1-butyl-3-
methylimidazolium methylimidazolium
20 BET Dién tich bé mit riéng Brunauer Emmett Teller
21 BJH Phan b mao quan cua vat | Barrett-Joyner-Halenda
ligu
22 DMF Dimethyl formamide Dimethyl formamide
23 DMSO Dimethyl sulfoxide Dimethyl sulfoxide
24 EDX (EDS) | Phuong phap pho ning Energy dispersive X-ray
luong tia X spectroscopy
25 FTIR Pho hong ngoai Fourier transform infrared
26 HMF Hydroxymethylfurfural Hydroxymethylfurfural
27 IUPAC Lién minh quoc té vé hoa | International Union of
hoc co ban va hda hoc Pure and Applied
ung dung Chemistry
28 LA Levulinic acid Levulinic acid
29 MIBK Methyl isobutyl ketone Methyl isobutyl ketone
30 NMP N-methyl-2-pirolidone N-methyl-2-pirolidone
31 SEM Hién vi dién tur quét Scanning Electron
Microscopy
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32 TGA Phan tich nhiét Thermagravimertric
analysis

33 TEM Hién vi dién tir truyén qua | Tranmission Electron
Microscopy

34 HRTEM | Hién vi dién te truyén qua High resolution

d6 phéan giai cao Tranmission Electron

Microscopy

35 STEM - | Anh hién vi dién tir truyén | High angle annular dark

HAADF qua trudng toi field
36 XPS Quang pho dién tu tia X X-ray photoelectron
37 XRD Nhiéu xa tia X X-ray Diffraction
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MO PAU

Str dung ngudn nhién liéu hoa thach gay tac hai lén d¢én méi truong sinh thai,
lam can kiét ngudn niang lugng khong thé tai tao khién loai ngudi phai déi mat véi
thach thtc 16n [1]. Bén canh dé, viéc sir dung nhién liéu hoa thach ciing gay ra van
dé nong Ién toan cau véi su phat thai khi CO2. Dé giai quyét van dé trén, cac ngudn
nguyeén lidu c6 kha ning tai tao, than thién véi méi trudng da duoc tim kiém thay thé,
nhién liéu sinh hoc chinh 1a mét trong cac ngudn nguyén liéu d6. Ngay nay, cellulose
c6 ngudn gdc tir rom ra, bd mia, cac cay trong khong cho luong thucco san, ré tién 1a
ngudn nguyén liéu dé san xuét ra cac san pham nhién liéu tai tao hoic cac héa chit
khac [2], [3]. Mét trong sé cac huéng chuyén hoa nay 1a di qua chudi phan tng tir
cellulose/lignocellulose thity phan thanh glucose, tiép theo bai qua trinh ddng phan
hoa glucose thanh fructose, roi tir 6 thuc hién phan wng tach ba phan ti nuéc nho
xuc tac acid dé tao ra 5-hydroxylmethylfurfural(5-HMF)[3].Hop chat 5-HMF dugc
coi 1a mot trong nhitng hoa chat nén tang tiém nang c6 thé duoc sir dung dé san xuat
nhiéu loai san pham khac nhau. Vi du, qué trinh oxy héa 5-HMF trén chat xuc tac
kim loai dé san xuét acid 2,5-furandicacboxylic (FDCA), mot hoa chat da duoc dé
xuat thay thé cho acid terephthalic dugc sa dung dé san xuat
polyethyleneterephthalate (PET) va polybutylenetere-phthalate (PBT) [4]. 5-HMF
cling c6 thé dugc hydro hoa dé tao ra 5-ethoxymethylfurfural, mot phu gia nhién lidu
€6 mat do nang lugng cao va cac dac tinh tuong duong vai ethanol. Qué trinh khur 5-
HMF c6 thé dugc chuyén thanh 2,5-dihydroxymethylfural (DHMF) va 2,5-bis
(hydroxymethyl) tetrahidrofural, c6 thé duoc sir dung dé san xuat polyester [5].

Qua trinh tong hop 5-HMF tir fructose c6 thé xay ra théng qua phan (ng tach
nuéc co hodc khéng coé chat xdc tac acid [6]. Tuy nhién, phan ung tach nudc tir
fructose thanh 5-HMF di duoc rat nhiéu cac tac gia nghién ciru trén céac xtic tic dong
thé nhu céac acid vo co HCI, HsPO4 hay céc acid Lewis 1a mubi nhu AICIls, SnCly,
CrClI2[3], [4], [7]. Nhu vay, tinh acid caa chat xtc tic dong mot vai trd quan trong
d6i vai hiéu suat phan ing khir fructose. Mot sé phan tng ciing dwoc quan tdm nghién
ctru V&i cac chat xdc tac di thé nhu cac nhom xuc tac siéu acid (ZrO2/S04Z, Al,Os-
Zr02/S04%), di da acid HsPW12040, nhua trao d6i ion (Amberlyst 15), oxide (TiO»-
Zr0O») [8]. Giira x(c tac acid dong thé va acid di the, hé xuc tac acid dong thé co thé
chuyén hda fructose thanh 5-HMF hiéu suit cao nhung cé nhitng han ché nhu khong
thu hdi dugc xtc tac, an mon thiét bi va gy 8 nhiém méi trudng. Xu huéng méi hién
nay la sir dung cac hé xuc tac acid dj thé do nhitng wu viét nhu c6 kha ning thu hoi
tai str dung, than thién moi trudng hon dong thoi c6 thé dat hiéu suit cao. Gan day,
cac chat xUc tac di thé nhu WOs duoc biét dén nhu mot xUc tac acid rin manh, cé



hiéu nang xuc tac tét trong nhiéu phan ang hiru cof9]. Do dién tich bé mat riéng thap,
xuc tac WOs thudng dugc tong hop dang xdc tac mang. Nhiéu nghién ctu da chi ra
rang cac dang cau tric WO va su phan tan cua ching trén bé mat chat mang dong
vai trd quan trong trong hiéu niang ctia x(c tac. V§i cac wu diém va trién vong cua
xuc tac trén co s¢ WOz, trong luan an nay, chiing tdi nghién ctu tong hop céac hé xdc
tac acid ran nhu Zr-O-W, Ti-O-W, Si-O-W va danh gia hiéu suat tao 5-HMF tur
nguyén liéu ban dau fructose, mot trong nhitng mat xich quan trong qué trinh tao
nhién liéu sinh hoc va cac hop chat héa hoc co ban. Cac dic tinh ciu trac, hinh thai,
tinh chat bé mat caa vat liéu xuc tac va cac yéu té anh hudng dén hiéu suat phan ang
nhu nhiét d6 phan wng, thoi gian, ndng do fructose va anh hudng caa cac chat xdc tac
sé duoc nghién cuu.



CHUONG 1. TONG QUAN

1.1. Fructose va nhitng carbohydrat khac c6 ngudn goc tir sinh
khoi
1.1.1. Sinh khdi

Sinh khéi 1a mét trong nhitng ngudn nguyén liéu c6 kha ning tai tao, than thién
v6i moi trudng di va dang duoc khai thac dé c6 thé thay thé cac ngudn ning luong hoa
thach dang dan suy giam theo thoi gian va gay ra nhirng van dé nhu sy néng Ién toan
cau do sy phat thai khi carbonic, 6 nhiém mai truong,...[10], [11].

Ngudn sinh khéi quan trong nhat la ba néng nghiép (rom ra, than cay ngd, ba
mia, ... ) va lam nghiép (mun cua, mat gd, bot gidy...). Pay la nguon sinh khéi co san,
ré tién, khong canh tranh véi dat trong ndng nghiép [2]. Thanh phan quan trong nhat
cua sinh khdi 1a lignocellulose. Sinh khéi lignocellulose bao gom ba thanh phan la
cellulose, hemicellulose va lignin. Cellulose 1a polymer duoc tao ra boi cac goc B-
glucose lién két voi nhau bang lién két B-1,4-glycoside tao thanh mach khéng phan
nhanh dang soi. Thanh phan thir hai cua lignocellulose 1a hemicellulose, bao gom cac
loai duong 5 va 6 carbon nhu mannose, xylose, ... Lignin ¢6 thanh phan chinh la cac
hop chat phenolic. Cau trlc caa lignocellulose duoc trinh bay trén hinh 1.1.
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Hinh 1.1. Thanh phin céu tao ciia sinh khoi vé cay[2]

Tuy thudc vao loai cy, phan twong ddi cua cellulose, hemicellulose va lignin
tim thay trong sinh khéi 12 khac nhau.Vi duy, trong gé khd, cellulose chiém 40-45%
trong luong, hemicellulose 1a 24-40%, va lignin 1a 18-25%. Trong ngo, ty 1é phan trim
cellulose, hemicellulose va lignin l1a khoang 27-48%, 13-17%, 14-31% twong tng. Nhu
vay c0 thé noi cellulose 1a thanh phan quan trong nhat caa sinh khéi lignocellulose.



Trong s6 cac ngudn nhién lidu sinh hoc hién nay, nhién liéu di tir lignocellulose
la mot trong ngudn nguyén liéu cha yéu. Trong chudi cac qua trinh hda hoc di tir
lignocenllulose, 5-hydroxymethylfurfural (5-HMF) 1a mot hop chat trung gian quan
trong tao ra cac hop chét hoa hoc quan trong khac trong cac nganh cong nghiép nhu
2,5-dimetylfuran (DMF) lam phu gia nhién liéu cho xang, 2,5-furandicarboxylic acid
(FDCA) lam monome cho polyme sinh hoc, acid Levulinic trong tong hop hoa duoc.
Mt xich co ban nhat trong chudi phan tng d6 1a qu4 trinh tao 5-HMF tir fructose hay
glucose. Pay la qua trinh tach 3 phan tir nudc véi sy cO mat cua xuc tac acid.

1.1.2. Fructose

1.1.2.1. Céu trisc phén ti fructose

Fructose 1a mét trong nhitng hexose ¢ ngudn géc tir cellulose. Fructose duoc
chuyén hoa tir glucose, san pham thuy phan cua cellulose trong méi trudng acid.
Fructose 1a mot loai monosacharides cé cng thirc phan tir 1a CsH1206, khéi lwgng phan
tir 180,156 gam/mol, ty trong 1,694 g/cm3, nhiét 6 néng chay 103°C, do tan trong
nuéc 4000 gam/lit. Fructose 1a chat ran, khéng mau, dé tan trong nudc, ¢6 vi ngot dam
[12]. Vi ngot cua fructose gap 1,5 lan duong mia (saccarose), gap 2,5 lan glucose.
Trong mat ong cé chira khoang 40% fructose, do d6 mat ong cé vi ngot dam.

O trang thai rin, fructose ton tai dang mach vong nam canh 1a chu yéu. Trong
dung dich, fructose ton tai & ca dang mach hé va mach vong. Céac dang ton tai cua
fructose trong dung dich dugc trinh bay trén hinh 1.7.
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Hinh 1.2. Cac dang ton tai ciia fructose trong dung dich

1.1.2.2. Tinh chit héa hoc ciia fructose

e Phdn #ng 1én men

Fructose duoc Ién men yém khi bang nam men hoac vi khuan. Enzyme nam
men chuyén dbi duong (glucose hodc fructose) thanh ethanol va carbon dioxide.
Carbon dioxite dugc giai phong trong qua trinh Ién men van s& hoa tan trong nudc, noi
né s& dat trang thai can bang véi acid carbonic, trir khu budng 1én men duoc dé ngoai
khong khi. Carbon dioxide hoa tan va acid carbonic tao ra carbonat trong d6 uéng lén
men dong chai.

e Phdn #ng Maillard



Fructose thuc hién phan ang Maillard, héa ndu khéng enzyme, véi cac acid
amin. Do fructose ton tai & dang chudi ma nhiéu hon so voi glucose, nén cac giai doan
ban dau cua phan tng Maillard xay ra nhanh hon so véi glucose. Do d6, fructose co
kha nang gbp phan lam thay d6i do kich thich cua thyc pham, ciing nhu cac tac dung
dinh dudng khac, chang han nhu héa nau qua muc, giam thé tich va 6 mém trong qué
trinh 1am banh va hinh thanh céc hop chat gay dot bién [13].

e Phdn i#ng kher

Fructose d& dang khir nudce dé hinh thanh hydroxymethylfurfural. Trong twong
lai, qua trinh ndy c6 thé tro thanh mot phan cuaa hé théng trung hoa carbon chi phi thap
dé san xuat thay thé xing va dau diesel tir cac nha may.

1.1.3. Nhitng hexose khac ¢6 ngudn goc tir sinh khoi

1.1.3.1. Glucose

Glucose 12 mot monosacharides ¢ ngudn géc tir sinh khéi cellulose, cong thirc
phan tir CsH120s, 14 chét rin, khéng mau, dé tan trong nudc, €6 vi ngot. O trang théi
ran, glucose ton tai dang mach vong nam canh va sau canh, trong d6 chu yéu & dang
mach vong sau canh. Vong sau canh chira di t6 oxi c6 dang cua di vong piran nén dugc
goi 1a vong pyranose [14]. Trong dung dich, glucose ton tai déng thoi ¢ ca 5 dang: 4
dang mach vong 5 va 6 canh, va dang mach ho. O dang mach hg, trong phan ti glucose
c6 chira 5 nhdm hidroxi va 1 nhdm chuc aldehyde nén con duoc goi 1a andose. Tét ca
5 dang ton tai cia glucose trong dung dich c6 thé chuyén hda 1an nhau theo mét can
bang, & d6 dang mach vong 6 canh la cha yéu.

Glucose c6 thé dong phan hoa thanh fructose trong mdi trudong base hoac khi
cO xUc tac acid Lewis.

~H N
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Hinh 1.3. Cac dang tdn tai ciia glucose trong dung dich[12]

1.1.3.2. Galactose
Galactose la hexose c6 nguon gbc tir hemicellulose, mét trong ba thanh phan
chinh cua sinh khéi lignocellulose. Galactose ciing 1a dong phan cua glucose, né 1a loai
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duong don 6 carbon, duoc sinh ra tir qué trinh hda hoc thuy phan hemicellulose. Trong
dung dich, nhém —OH & C s6 5 tao phan @ng aldol hda véi nhém —CHO dé chuyén hoa
tur dang mach ho sang dang vong va nguoc lai.
1.1.3.3. Mannose

Ciing twong ty nhu galactose, mannose la hexose cO ngudn géc tur
hemicellulose. Pay 12 loai duong don 6C ciing c¢6 chira nhiéu nhém hidroxyl va 1 nhém
—CHO nén con dugc goi 14 andohexose, trong dung dich né tdn tai chu yéu & dang
vong 6 canh.

Ngoai nhitng hexose c6 ngudn gbc tir lignocellulose nhu dd noi ¢ trén, con co
mot sé hop chat khac nhu xylose, arabinose, hay cac hop chét phenolic. Hoa hoc va
cac qua trinh chuyén héa ching thanh cac hoa chét khéac hoac thanh nhién liéu sinh hoc
dang 12 mi quan tAm hang dau hién nay.

1.2. Tong quan vé 5-Hydroxymethylfurfural (5-HMF)

1.2.1. Giéi thiéu vé 5-Hydroxylmethylfurfural

5-Hydroxymethyl furfural (5-HMF) 1a mot hda chat nén tang linh hoat duoc
tong hop tir ngudn nguyén liéu ban dau 1a sinh khéi lignocellulose. Theo danh gia cua
Bo Niang luong Hoa ky (DOE), 5-HMF duoc xép vao top “10+4” héa chét sinh hoc
hang dau, tir d6 c6 thé san xuat duoc rat nhiéu cac hoa chat quan trong khéc hoic cung
cap cac monomer cho nganh céng nghiép polimer hoic cung cap nhién liéu cho nganh
giao théng van tai. S¢ di 5-HMF duoc coi la hoa chat nén quan trong nhu vay, 1a vi nd
c6 cau tao dac biét, gitr lai dugc ca sdu nguyén tir carbon cia carbohydrat turong ng,
va qua trinh tong hop no ¢ tinh chon loc cao[15].

5-Hydroxymethylfurfural 12 mot hop chat furanic chira dong thoi ca hai nhom
thé alcohol va aldehyde & vi tri s6 2 va s6 5 (Hinh 1.4).

HO \ / S

Hinh 1.4. Céng thirc cAu tao ciia 5- hydroxymethyl furfural (5-HMF)[15]

Hydroxymethylfurfural ton tai trong diéu kién thuong & dang chat ran c6 mau
vang nhat, c6 mui dic trung cua hoa ciic. HMF ¢6 nhiét d6 ndng chay thap (Tne= 30 —
34 °C), nhiét do soi Tssi= 114 — 116 °C ¢ 1hPa.

Hydroxymethylfurfural tan hoan toan trong nuéc, methanol, ethanol, acetone,
ethyl acetat, dimethylformamide; c6 thé tan trong ether, benzene, chloroform:; it tan
trong carbon tetrachloride; khdng tan trong ether dau khi [16]. Hop chat 5-HMF c6 thé



duogc hinh thanh trong céc thuc pham chira duong, dic biét khi dugc ché bién gia nhiét.
Cac tinh chat ly hoa cua 5-HMF duoc trinh bay trén Bang 1.1.
Bang 1.1. Tinh chét vat Iy ciaa 5-HMF [15]
CAS Registry number | 67-47-0

EC-No 200-654-9

Tén hda hoc 5-(hydroxymethyl)-2-furancarboxaldehyde

Cong thac phan ta CeHsO3

Khdi lwong phan tir 126,11

MO0 ta Bot vang, mui hoa cuc

biém soi 110°C tai 0.02 mmHg, 114-116°C tai 1 hPa

biém néng chay 31,5°C, 28-34°C

Do tan Tan hoan toan trong nuéc, methanol, ethanol, acetone,

ethyl acetat, dimethylformamide; co thé tan trong ether,
benzene, chloroform; it tan trong carbon tetrachloride;
khdng tan trong ether dau khi .

Khoi luong riéng 1,243 tai 25°C
Chi s6 khc xa 1,5627 tai 18°C
biém chop chay 79°C, coc kin

Buégc séng hap thu cuc | 283 nm
dai cua tia UV

1.2.2. Ung dung ciia 5-HMF

Nhu trén d3 noi, phan tar 5-hydroxymethylrufrural c6 cau tao dic biét véi hai
nhom thé alcohol va aldehyt & vj tri s6 2,5. Do ciu tric héa hoc doc déo trén, HMF c6
thé bj oxy hoa thanh acid dicarboxylic hozc bi khir thanh diol. Ca hai déu c6 thé duoc
sir dung dé tong hop cac polimer. Mat khac, HMF c6 thé duogc hidro hda tao ra cac
phan tir nhién liéu. Ngoai ra HMF con gép phan tong hop ra cac hop chat ¢é hoat tinh
sinh hoc cao dugc ung dung lam dugc pham [17].

Do d6, 5-Hydroxymethylfurfural dugc xem la mét trong nhitng héa chat nén
tang tiém ning c6 thé duoc st dung dé san xuat cac loai san pham tly thuoc vao muc
dich sir dungva diéu kién phan tng (xtc tac, nhiét d6). Ung dung chua yéu hién tai cua
5-HMF dé tong hop hoa chat, dung mdi, nhién liéu va 1am phu gia cho thuc pham. Tt
HMF c6 thé tong hop nhiéu hop chat C-6 quan trong nhu : 5-Alkoxymethylfurfural
(2), Acid 2,5-furandicarboxylic (3), acid 5-hydroxymethylfuroic (4), 2,5-
bishydroxymethylfuran (5), 2,5-dimethylfuran (6), va Diether cia HMF (7). Mot sé
hop chat ngoai furan quan trong ciing c6 thé duoc san xuat tir HMF, cu thé 13, acid



levulinic (8), acid adipic (9), 1,6-hexanediol (10), caprolactam (11), va caprolacton
(12). Cac san pham chuyén héa tir 5-HMF duoc trinh bay trén hinh 1.5.
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Hinh 1.5. Cac san phim chuyén héa tir 5-HMF[15]

Trong sé cac san pham trén, cac hop chat furanic (tir hop chat s6 1 dén sé 7)
duoc st dung 1am nhién liéu hodc phu gia cho xing dau, hodc 1am monomer cho téng
hop polymer. Cac hop chat 5- alkoxymethylfurfural (2), 2,5-dimethylfuran (6), bis (5-
methylfurfuryl)ete (7) duoc st dung lam nhién liéu hoac phu gia nhién li¢u. Cac hop
chat nhu acid 2,5-furandicarboxylic (3), 2,5-bishydroxymethylfuran (5) dugc dung lam
cac monomer dé tong hop cac polime. Ngoai ra, cac hop chat khac ding trong nganh
cdng nghiép duoc pham. Ung dung cta cac san pham chuyén hoa tir 5-HMF trong cac
nganh cdng nghié¢p dugc trinh bay trén hinh 1.6.
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furanic non-furanic
27 (8-12)
monomer fuel
2,3,4,5 6,7,9,10

Hinh 1.6. Ung dung ciia cac sin pham chuyén héa tir 5-HMF

HMF c6 thé duoc dung dé san xuat cac monomer quan trong trong cong nghiép
polimer. Acid 2,5-furandicacboxylic (FDCA) la mét trong nhitng monomer quan trong
trong tong hop polimer [18][19][20][21]. Qué trinh oxy h6a 5-HMF str dung chat x(c
tac kim loai c6 thé dugc ap dung dé san xuét acid 2,5-furandicachoxylic (FDCA), mot
hoa chit di dugc dé xuat thay thé cho acid terephthalic trong san xuat



polyethyleneterephthalate (PET) va polybutyleneterephthalate (PBT) [17][22][23].
FCDA duoc dem dong trung hop voi ethylene glycol dé san xuit polyethylene
furanoate (PEF). Céc nghién ct da chi ra rang PEF c6 cac tinh chat co, Iy va héa hoc
tuong tu PET.

Ciing v6i muc dich tong hop monomer cho nganh céng nghiép polimer, HMF
con duogc hidro héa tao ra dihydroxymethyltetrahydrofuran (DHMTHF) [24][25].

Di tir HMF ciing c6 thé thuc hién phan ng hidro hoa chon loc lién két C-O trén
xdc tac Cu-Ru, Cu-cromit dé tong hop dimethylfuran (DMF) [26][27]. Hop chat
dimethylfural (DMF) 1a mot hda chét dién hinh trong viéc dugc sir dung 1am phu gia
nhién liéu chat lugng cao, dugc cho vao trong xiang gidng nhu etanol sinh hoc.

Quaé trinh chuyén héa HMF thanh DMF sir dung chat xc tac nickel — carbon,
qua nhiéu giai doan, dau tién 1a giai doan hydro hda nhoém aldehyde caia HMF dé tao
thanh 2,5-bishydroxymethylfuran (BHMF) va sau d6 chuyén d6i BHMF thanh 5-
methylfurfurylalcohol (MFA) sau dé chuyén héa tiép thanh DMF. Phan ng phu bao
gom sy hinh thanh 2 5-dihydroxymethyltetrahydrofuran (DHMTHF) va 2,5-
dimethyltetrahydrofuran (DMTHF). So d6 chuyén hoa HMF thanh DMF dugc trinh
bay trén hinh 1.7.
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Hinh 1.7. So' @6 chuyén h6a HMF thanh DMF [17]

bi tir HMF, thyc hién phan tng ete hda nhém hydroxymethyl theo ti 1€ mol 1:1
thu duoc 5-alkoxymethylfurfural [17], con néu thuc hién phan ¢ng ete héa HMF Vi
xuc tac Pt/C thi thu duoc bis(5-furfurylmethyl)ete [5]. Ca hai san pham trén déu duoc
str dung l1am nhién liéu long c6 nhiét tri cao [28][29]. So d6 cac phan tng duoc trinh
bay trong hinh 1.8.
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Hinh 1.8. Mt s6 sian pham dung lam nhién li¢u

Trong phan @ng tong hop bis(5-furfurylmethyl) ete, Bell va cong sy [15] da
diing xuc tac di thé Pt/C dé chuyén hoa truc tiép HMF. Tuy nhién phan tng cd thé gian
tiép di tir cac hexose qua hai giai doan dé tong hop bis(5-furfurylmethyl) ete. Néu di
tir fructose thi phan wang xay ra trong dung mdi ion long, con néu di tir glucose thi phai
trai qua qua trinh isomer hoa dé tao fructose roéi méi tach nuéc dé téng hop HMF, tir
d6 tong hop bis(5-furfurylmethyl) ete [17]. Phan ung di tir glucose sir dung hon hop
xUc tAc Sn-beta zeolite tron 1an véi Amberlyst, trong d6 Sn-beta zeolite dugc st dung
lam xtc tac cho giai doan isomer héa va Amberlyst lam xdc tac cho giai doan tach
nudc hexose tao HMF va ether hoa [17][29][30][31].

Di tir HMF ciing c6 thé tong hop duoc cac ankan cao dang 1ong Co, C12 va Cis
ding lam nhién liéu diesel sinh hoc. Phan tng tong hop cac ankan di tir nguyén ligu
ban dau 1a cellulose, qua chat trung gian HMF, sau d6 tir HMF va acetone theo céc ti
1& khac nhau tong hop ra cac ankan long. Phan img thong qua con duong aldol hda va
hydro hda. Néu st dung ti 1& 1:1 cho hdn hop HMF: acetone, qué trinh ngung tu aldol
hoa va hydro hda tao ra ankan C9, con néu sir dung ti 1¢ 2:1 cho HMF:acetone thi tao
ra ankan C12 va C15 [32][33].

N6i chung, HMF 1a mot loai héa chat nén linh hoat, c¢é thé dugc chuyén doi
thanh nhiéu loai san pham nhién liéu va phu gia nhién liéu cho nganh giao théng van
tai, chuyén hoa thanh cac monomer quan trong cho nganh cong nghiép polimer va
chuyén d6i thanh cac hda chat quan trong khac.
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1.3. Cac qua trinh héa hoc tao thanh 5-HMF trén xuc tac acid
1.3.1. Tong hop 5-HMF tir nhirng ngudn nguyén liéu khac nhau
1.3.1.1. Tong hop 5-HMF tir fructose

O
-3H,0 HOH,C CHO
Fructose \ /
Bronsted acid
HMF

Hinh 1.9. Phan &ng khir nwéce caa fructose thanh 5-HMF [4]

Qua trinh tong hop 5-HMF tir fructose c6 thé xay ra thdng qua phan tng khir
nuéc sir dung chét xdc tac acid hoac khong co chat x(c tac acid. Truong hop khong c6
chat xtic tac nudc bi loai bo trong céc phan tir fructose khi duge dun néng dan dén sy
hinh thanh 5-HMF hay con goi 1 qu4 trinh caramen héa. So d6 phan ung sir dung chat
xuc tac acid Bronsted duoc trinh bay trong Hinh1.9. Trong Hinh 1.9, fructose chuyén
hoa thanh 5-HMF thong qua qua trinh khir ba phén tir nudc. Sau qua trinh nay cé thé
c6 quéa trinh phu 14 5-HMF két hop vai hai phan tir nuée tao thanh acid levulinic va
acid formic [34]. Ngoai ra, con c6 qua trinh ty trung hop va trung hop cheo cua fructose
va 5-HMF dé tao thanh humins (Hinh 1.10).

_OH HO

g 0 0
HO#H HA=3 ,—"J WL ?H (II—) O\ G H| ||
H—OH—— ™ 4 — O% o * <

\ \ A ) HO

H——0H p—f \_OH -3H,0 21,0

B OH H HaC \

‘OH Fructose lo)

D-Fructose (Furanose Form)

NS

Insoluble humins + soluble polymers

Hinh 1.10. So' dd con dwong chuyén hoéa fructose thanh 5-HMF [4]

Levulinic Acid Formic Acid

Co ché tach ba phan tir nuéc cua fructose dugc trinh bay trén hinh 1.11. Trong
co ché nay, nhém —OH hemiacetal trong phan tir fructose & dang vong fructofuranose
nhan H* tir chat xdc tac Bronsted sinh ra nhdm OHa* rdi tach phan ta H20 thtr nhit,
sau d6 tach tiép phan ta H20 tht 2, thir 3 & cac vi tri carbon s6 3, 4 tao thanh 5-HMF
[35].

HOHC <:|-|20||-_|| (I)-|OH2C o :ogzc 0 HOHHZg 0 CHO
N N
OH
HO HO HO 5-HMF

Hinh 1.11. Co ché tach ba phan tir nwéc cia fructose thanh 5-HMF [35]
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Phan ng tach ba phan tir nudc cua fructose thanh 5-HMF trén xdc tac acid
Bronsted c¢6 d6 chon loc kha cao, cac san pham phu kém theo 12 acid levuninic va
humin. HMF c6 thé cong hai phan tir nude trong cung diéu kién dé tao ra acid formic
va acid levuninic. Co ché phan &ng tao acid levuninic duoc trinh bay trén hinh 1.12.

+H,0 H.O —
/ \ o : "
HOMLC o OHLC — = H,C o
Q
+H,0

H U
o — =y, c n
2H,0
-HCUUH

HaG COOH
= HaG CHIOH}
8]
0

Levulinic Acid

Hinh 1.12. Co ché phan trng tao acid levuninic tir 5-HMF [35][36][37]

Tir HMF ciing ¢6 thé hinh thanh san pham phu 13 humins, co ché hinh thanh
humins duoc trinh bay trén hinh 1.13.

+ H,0
HOH.C ,{/ \3 e HOHﬁﬂ*CHD _FHDHEC‘<—>7CHO
o HO o 4
\ HO
HOch—ﬂ— :

andol héa 0
_—

Hinh 1.13. Co ché phan ng tao humins tir 5-HMF [36]

1.3.1.2. Tong hop 5-HMF tir glucose
San pham 5-HMF c6 thé dugc chuyén hoa tir glulose thdng qua phan tng isomer
hoa glucose thanh fructose va dehydrat hoa fructose thanh 5-HMF.
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Hinh 1.14. Co ché phan \ing chuyén héa glucozo thanh 5-HMF [38]

Co ché phan ng chuyén héa glucozo thanh 5-HMF duoc trinh bay trong Hinh
1.14. Pau tién, qua trinh ddng phan hoéa glucose thanh fructose, mannose (Mot phan
glucose du). Sau d6,5-HMF la san pham chinh duoc hinh thanh théng qua qué trinh
khtr nuée tir fructose. Tuy nhién, 5-HMF cé thé duoc chuyén hoa truc tiép tir glucose
nhung tdc do phan (ng cham hon rat nhiéu so vai phan &ng tach nudc fructose[38]. 5-
HMF c6 thé duoc tach nudc thém dé tao ra FA va LA [38]. Hop chat 5-
hydroxymethylfurfural c6 thé phan huy thanh furfural va formaldehyde[ 38].

Wenze Guo va cong su[38]da tong hop 5-hydroxymetylfurfural tir glucose st
dung chat xtc tac két hop cua AICI; va HCI trong dung méi nudc va metyl isobutyl
xeton. Sau khi t6i wu hoa, hiéu suat san pham HMF 1a 53% thu dugc & pH 1,5, nhiét
d6 phan (g 160°C va thoi gian luu 14 16 phat. Nhom tac gia bao céo rang, [AI(OH)2]*
1a gdc ¢6 hoat tinh xdc tac thuc hién qué trinh ddng phan héa glucose thanh fructose &
c4c gia tri pH khac nhau. Ty I¢ gitta AICl3 va HCI duoc t6i wu hoa dé tao ra 5-HMF
cao nhat 1a 40 mM AICI3 va 40 mM HCI. San xuat 5-HMF tir glucose bang céach st
dung nhya trao doi ion va alumin 1am chat xtc tac kép trong hé théng hai pha duoc
Supakrit Pumrod va cong su béo céo [39]. B chuyén héa cua glucozo, hiéu suat cua
5-HMF va do chon loc cua 5-HMF lan luot 1a 94,036%, 84,92% va 90,48%.
1.3.1.3. Chuyén héa cellulose thanh 5-HMF

San pham 5-HMF c6 thé dugc chuyén hoa tir cellulose thong qua mot phan tng
ba giai doan gom qué trinh thay phan cellulose thanh glucose, isomer héa glucose
thanh fructose va dehydrat héa fructose thanh 5-HMF (Hinh 1.15).
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Hlnh 1.15. Qua trinh chuyén héa cellulose thanh 5-HMF

Cellulose c6 cau tric phutc tap nén né khd tan trong hau hét cac dung méi, gay
Can tro su twong tac tdi cac viing hoat dong cua xuc tac. Do d6, s chuyén héa cellulose
thuong co téc do va hiéu suat 5-HMF thap hon so véi su dehydrat hoa glucose trong
cung hé xuc tac.

1.3.2. Cac yéu to anh hwéng dén qua trinh tong hop 5-HMF

1.3.2.1. Anh hwéng ciia néng dé cdc chit tham gia phén trng

Wei va cong su [40] nghién ctru anh huang cua khoi lugng chat xuc tac dén su
chuyén hoa fructose thanh 5-HMF. Hiéu suat 5-HMF va d¢ chuyén hoa fructose déu
tang dang ké khi tang luong chat xuc tac tir 0 dén 25 mg, va trong d6 hiéu suat 5-HMF
t6i da 96,1 mol% thu duoc khi str dung 25 mg chat x(c tac Fes0s@Si02-SOsH. Tiép
tuc tang lidu luong chat xdc tac 1én 50 mg, hiéu suat 5-HMF di giam dang ké, nhung
d6 chuyén hoa fructose gan nhu giir & khoang 100 %. Su giam hiéu suat 5-HMF khi
tang khoi lwong chat chat xuc tac chu yéu 1a do cac tam acid ting qua muec, thic day
phan &ng thir cap hoic cacbon héa 5-HMF thanh humin, va cudi cung dan dén giam
hiéu suat HMF. Nong do cac chat ban dau c6 anh huong nhét dinh dén viéc chuyén
hoa fructose va hinh thanh 5-HMF. Trong khoang nong d6 fructose ban dau tir 10-50
mg/ml, gan nhu 100% mol fructose c¢é thé dugc chuyén héa, va hiéu suat 5-HMF 13
khoang 95,0 mol%. Tiép tuc ting ndng d6 fructose ban dau 1én 100 mg/mL, hiéu suat
HMF van dat toi 82,4 mol%. Tuy nhién, khi nong d6 cua fructose ban dau tang 1én 200
mg/mL, hiéu suat 5-HMF va d6 chuyén hoa fructose giam manh, nguyén nhan cha yéu
la do mét lugng 16n qua trinh tu trung hop hoac su trung hop chéo gitra fructose hoac
5- HMF & nong do cao.

Nhie vdy, khoang nong do toi wu dé chuyén hda fructose thanh la 5-
hydroxymethylfurfural 10-50 mg/ ml.
1.3.2.2. Anh hwéng ciia nhiét d va thoi gian

Mayer va cong su [41] da nghién ctru anh huéng cua nhiét do dén qué trinh khie
nuéc caa fructose thanh 5-HMF sir dung chit xtc tac H3OxSbxTez.xOs. Nhu trong hinh
1.16 d6 chuyén héa cao nhat cua fructose khi c6 mit chit xuc tac dat 97,9% va hiéu
suat chuyén hoa thanh 5-HMF dat 47,5% & 170°C trong 120 phit.

Trong hinh 1.17 cho thay két qua cua qué trinh khir nuéc cua fructose st dung
c4c chit xdc tactrong cac khoang thoi gian khac nhau, & nhiét do T = 150°C. Sy chuyén
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héa cua fructose duoc ting 1én khi thoi gian dugc kéo dai tir 60 dén 120 phut (gan
71%) va tang nhe trong 150 phit. Hiéu suat 5-HMF (Hinh 1.17) ciing ting dan theo
thoi gian trong khoang thoi gian tir 60 phut dén 120 phut, tir 23,8% dén 44,8%, hiéu
suat chuyén hoa thanh 5-HMF giam dan trong thoi gian phan Gng lau hon.
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Hinh 1.16. P chuyén hoa fructose (a) va hiéu suit tao 5-HMF (b) trong khoing
nhiét do 140-170°C [41].
Piéu kién phan #ng: 0,050 g xUc tac, 1,5 mL 5% trong lirong hoa tan fructose
trong nuwécl3,5 mL MIBK va 120 phut.
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Hinh 1.17. Pd chuyén héa fructose (a) va d chon loc 5-HMF (b) ¢ cac thoi gian
phan @wng khac nhau [41].
Piéu kién phan ing: 0,050 g xdc tac; 1,5 mL 5% khoi lwong fructose trong
nuwoc/3,5 mL MIBKva T =150 ° C.
Ting Huang va cong su [42] ciing da khao sat anh hudng cia nhiét do dén hiéu
qua chuyén hoa fructose thanh 5-HMF. San luong 5-HMF chuyén hoa tir fructose st
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dung cac hé dung mdi khac nhau duoc thé hién trong Hinh 1.18 va Hinh 1.19. Chat
xuc tac trong khao sét nay la chat long ion diallylimidazole (CnDAIMF, n =1, 2, 3, 4,
5, 6), acid ran géc carbon (SC) va hdn hop cua ching.
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Hinh 1.18. Hiéu suit tao 5-HMF tir fructose trong dung méi nwéc & cac nhiét do
khac nhau [42]
biéu kién phan ing: D-fructose (0,001 mol twong dwong 0,18 g), acid ran goc
carbon (0,09 g), CnDAIMF (0,18 g), nwoc (5 mL), t = 10 phat.
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Hinh 1.19. Hiéu suat tao 5-HMF tir fructose trong dung moi DMSO & cac nhiét
d¢ khac nhau[42]
biéu kién phdan #ng: D-fructose (0,001 mol, 0,18 g), acid rcin géc carbon (0,09 g),
CnDAIMF (0,18 g), DMSO (5 mL), t = 10 phiit.

Nhu Hinh 1.18 cho thiy, dbi voi phan ang chi thém C:DAIMF, san luong caa
5-HMF tiang tir 10,72% lén 52,59% khi nhiét do phan tng ting Ién tir 160°C dén 185°C.
Néu nhiét do tiép tuc ting, san luong cua 5-HMF s& giam nhe nhung van duy tri & muc
50%. Két qua twong tu ¢d thé duoc tim thay trong phan tng cua chi SC dugc thém vao,
va san luong cia 5-HMF thiap hon mot chdt so véi phan ung truéc dé st dung
C2DAIMF. Néu hdn hop C2DAIMF-SC dugc thém vao, cd thé thu san pham 5-HMF
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nang suit cao hon & nhiét 6 dudi 160°C, nhung hiéu qua cong husnggiam dang ké &
nhiét do cao va nang suat 5-HMF khéng tét bang C.DAIMF khi nhiét do trén 185°C.
Dé so sanh, cac phan tng ciing duoc nghién ciru trong DMSO, va két qua dugc dua ra
trong Hinh 1.19. T Hinh 1.19 c6 thé thay rang nhiét &6 phan tng t6i wu 1a 195 °C, va
nang suat cua 5-HMF c6 thé dat 73,71% khi chi thém C2DAIMF. Tuy nhién, khi chi
thém SC, san lugng cua 5-HMF trén 80% khi nhiét d6 phan ang tir 160°C dén 195°C.
Néu hdn hop C2DAIMF-SC duoc thém vao, san lugng cua 5-HMF chi dat trén 75%.
Ngoai ra, nhiét do it anh huong dén cac truong hop SC, nhung lai ¢6 anh huong 16n
hon ddi véi cac truong hop C2DAIMF, va hiéu qua cong huong khong rd rang, va tham
chi c6 tac dung tc ché 13n nhau.

Wei va cong su [40] cling nghién ctru anh hudng caa nhiét @ va thoi gian phan
tmg dén sy chuyén hoa fructose thanh 5-HMF. Nhu trong Hinh 1.20, d6 chuyén hoa
fructose thay ddi trong khoang 73 ~ 100 mol%. Vi sy gia tang ctia nhiét 6 phan tng,
san luong 5-HMF tang 1én va sau d6 giam xudng, diéu nay phu hop véi cac nghién ciu
trude day rang san pham 5-HMF khong 6n dinh va s& d& bi phan hay thanh humin
hoac acid formic ¢ nhiét do qué cao. Po chuyén hoa cua fructose dat téi 93,6 mol%
sau 60 phat phan tg, diéu ndy cho thay chat xdc tac cd hoat tinh cao ddi vai qué trinh
khtr fructose. Khi kéo dai thoi gian phan tng, hiéu suat 5-HMF giam nhe, nhung ngay
ca khi kéo dai thoi gian phan tmg dén 240 phdt, hiéu suat 5-HMF trong hdn hop phan
g van cao tgi 90,9%, ching to 5-HMF 6n dinh déng ké trong hé thdng phan tng da
thiét ké.

Nhue vy, ca nhiét dé va thoi gian phan ing déu ¢ anh hwéng quan trong dén
s mat nuwéc cua fructose thanh 5-HMF. Nhiér dé va thoi gian toi wu trong nhimng
nghién citu nay lan Lot 14 khoang 100 -185°C va 60 - 150 phdit.

HMF yield B3 Fructose conversion HMF yield B35 Fructose conversion
100} 100
- | @ _ | ®
: :
= <
w® b—
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= =
= 40f = 40
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= >
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Hinh 1.20. Anh hwéng ciia (a) nhiét do phan g, (b) thoi gian phan ving dén do
chuyén héa fructose thanh 5-HMF sir dung chit xtc tac FesOs@SiO,-SO3H[40].
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Cdc diéu kién phan ing khac:(a) 100 mg fructose trong 10 mL DMSO, chat xuc tac 25
mg, 90 phut; (b) 100 mg fructose trong 10 mL DMSO, 25 mg xuc tac, 120 °C.

1.3.2.3. Anh hwéng ciia dung moi

Wei va cong su [40] da tong hop hiéu qua cao 5-hydroxymethylfurfural va 2,5-
diformylfuran tir fructose khi s dung cac chat xic tac FesO4@SiO2-SO3H. Nhém
nghién ctru da nghién ctu anh hudng caa dung mdi phan tng dén sy mat nuéc cua
fructose thanh SHMF, va két qua duoc trinh bay trong Bang 1.2. Trong Bang 1.2, ca
qua trinh chuyén hoa fructose va su hinh thanh 5-HMF déu bi anh huéng dang ké boi
dung mdi phan wng. Vi du, khi nude duoc sir dung 1am méi trudng phan tng, hiéu suat
5-HMF cao nhat chi la 14,2 mol%, do nuéc khdng c6 lgi cho phan tng tach nuéc va
sé& tao diéu kién cho 5-HMF tac dung véi nude thanh acid levulinic. Mot s6 dung moi
hitu co nhu NMP, DMA, DMF va DMSO duoc phat hién 1a cé loi cho viéc chuyén
hoa fructose thanh 5-HMF, va hiéu suat 5-HMF cao nhit 96,1 mol% thu dwgc trong
DMSO. THF 1a méi trudng phan tng bat lgi nhat dé khir fructose thanh 5-HMF. Ty I¢
chuyén hoa cua fructose chi 1a 5,9 mol% va hau nhu khong c¢6 5-HMF duoc tao
thanh. Hiéu qua kém cua qua trinh khir fructose thanh 5-HMF trong méi truong THF
c6 thé 1a do su khong hoa tan cua fructose trong dung méi THF. Bang cach thém nudc
vao DMSO, hiéu suat HMF giam dang ké xudng con 56,4%, mét 1an nira cho thay rang
nudc khdng ¢o loi cho viéc hinh thanh 5-HMF tur fructose.

Bang 1.2. Anh huwéng ciia dung moi dén hi¢u qua chuyén héa fructose thanh san
pham 5-HMF[40].

Dung moi Po chuyén hda | Hiéu suat 5-HMF | P chon loc HMF
fructose (mol%o) (mol%o) (%)

H20 73,4+1,9 14,2 +0,4 19,3+0,5
DMF 989+1,1 61,8+ 1,3 62,5+1,3
DMA 97,1+20 64,7 £2,7 66,7 + 2,8
N-MP 97,6 +1,9 82,6 +1,9 84,6 +2,0

DMSO ~100 96,1+1,8 96,1+ 1,8

THF 59+14 ND 0,7+0,2

DMSO/H,0P ~100 56,4 + 3,2 56,4 + 3,2

ND: khong phat hién.

Piéu kién phan img: 100 mg fructose trong 10 mL dung méi, 25 mg chat xic tac, 120
°C, 90 phat; 8 mL DMSO, 2 mL H0.

Melad Shaikh va cong su [43] sir dung graphene oxide dé khir fructose thanh 5-
HMF. Mot diéu kha dang cha y 14 khong c6 su hinh thanh 5-HMF khi st dung etanol,
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metanol, diclometan, THF va axetonitril khi c6 mat GO. Tuy nhién, phan &ng tién hanh
VGi nang suat trung binh dén tét khi c6 DMF va DMSO st dung GO lam chat x(ic tac
(Bang 1.3). Pang chu y, khi phan Gmg duoc thuc hién trong diéu Kién c6 nudc, 70%
fructose duoc chuyén hda véi do chon loc 20% thanh 5-HMF. Dang ngac nhién la khi
phan tng dugc tién hanh véi sy c6 mat cua GO trong diéu kién khdng c6 dung méi &
100°C, 90% fructose da dwgc chuyén hoa va do chon loc 5-HMF dat t&i 87%. Giam
nhiét d6 din dén giam d6 chuyén hoa fructose va do chon loc 5-HMF. Khi ting nhiét
d6 1am tang do chuyén héa va do chon loc dbi véi 5-HMF dat 85%.

Bang 1.3. Hiéu suét chuyén héa fructose thanh 5-HMF sir dung chit xic tic GO

va cac dung moi khac nhau[43].

Chat xuc Dung moi Nhiét dd0 | Do chuyén hda | Do chon loc
tac (°C) (%) (%0)
GO DMF 100 30 18
GO DMSO 100 50 40
GO Water 100 70 20
GO Toluene 100 N.R N.R
GO EtOH 100 N.R N.R
GO MeOH 100 N.R N.R
GO THF 100 N.R N.R
GO CHCl; 100 N.R N.R
GO CH3Cl 100 N.R N.R
GO CHsCN 100 N.R N.R
GO Neat 100 90 87

Graphite Neat 100 N.R N.R
GO Neat 80 81 69
GO Neat 120 91 85
GO Neat 25 N.R N.R

Nhur vdy c&c nghién cizu da chi ra rang dung mdi hizu co ¢6 loi cho phdn #ng
tach nuoc cua fructose thanh 5-HMF, dac biét 1a dung moi dimethylsulfoxide.

1.4. Xtc tac acid di thé cho tong hop 5-HMF
1.4.1. Gi6i thi€éu chung

Nhu trén da nodi, phan tng khir nudc cua fructose va glucose thanh 5-
hydroxylmethylfurfural 12 mot trong nhitng phan wng then chét trong viéc chuyén doi
sinh khéi thanh cac hop chat nén cé gia tri. Phan ang tong hop 5-HMF c6 thé di tir cac
ngudn nguyén liéu khac nhau nhu fructose, glucose, cellulose, inulin,... Cac phan tng
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nay da duoc thuc hién véi nhiéu loai xuc tac khac nhau, tir xac tac dong thé cho téi
xUc tac di thé. Nhitng ndm gan day, do nhiéu vu diém cua xuc tac di thé so véi xuc tac
d6ng thé, cac cong bd khoa hoc lién quan dén phan @ng tong hop 5-HMF déu sir dung
nhiéu loai x(c tac di thé da dang.

Nam 2009, Shimizu va cong su [44] di bao cdo nhiéu chat xdc tac di thé su
dung chuyén hoéa fructose thanh 5-HMF nhu Amberlyst 15, CszsHosPW12040,
Cs2.5Ho.5PW12040, FePW12040, H-BEA zeolit. Phuwong phap diéu ché va diéu kién phan
ung duoc trinh bay trén Bang 1.4.

Nam 2011, Chunyan Fan va cong su [8] dd sir dung mudi cua di da acid
AgsPW12040 1am chat xic tac di thé dé san xuat 5-hydroxymetylfurfural (5-HMF) tur
fructose va glucose. Buong fructose duoc khir nude cd chon loc thanh 5-HMF véi hiéu
suat 5-HMF cao t6i 77,7% va do chon loc 93,8% trong vong 60 phit & 120°C. Ngoai
ra, AgsPW12040 ciing thé hién hoat tinh xtc tic dé chuyén hda glucose thanh 5-HMF.
Cac két qua ching minh rang AgsPW12040 1a mot acid tdi uu va chat xuc tac ran than
thién véi moi truong dé san xuat 5-HMF tir fructose va glucose.

Melad Shaikh va cong su [43] sir dung graphene oxide nhu mot kim loai bén
viing va chat xuc tac khong dung méi dé khir fructose thanh 5-HMF. Phan tng duoc
tién hanh véi sy hién dién caa GO trong diéu kién khéng c6 dung méi & 100°C, 90%
fructose da duoc chuyén hoa va do chon loc 5-HMF dat t6i 87%.

Cac chat xuc tac di da acid 1a cac xtic tic ¢ cau tric rd rang va la céc siéu acid.
Trong bao cao cua Gomes [45] nam 2016, nhom tic gia da s dung acid
phosphotungstic (HPW) va acid phosphotungstic (HPW) trao doi Cs ciing nhu acid
phosphotungstic (HPW) dugc hd tro trén MCM-41 1am xdc tac cho phan tng tong hop
5-HMF tir fructose. Cac két qua chi ra rang khi cho thém chat xuc tac vao hdn hop
phan tng trong dung moéi DMSO, HPW dat 100% chuyén hoa va dé chon loc HMF
dat 92% & 120°C trong 30 phit, xic tic HPW trao d6i Cs giam hiéu suat do giam do
acid ran, con xtc tic HPW/MCM cho d6 chuyén hoa 100% va do chon loc HMF 80%
trong 1h ¢ 120°C.

Céc chat x(c tac carbon mesoporous 6 chirc niang acid cling duoc Zhao va cong
su [46] str dung dé khir nuéc cua fructose thanh 5-HMF. Chét xdc tac ran dua trén
carbon duoc diéu ché bang phuong phap thay nhiét sir dung tién chat carbon lIa glucose
va dung dich nuéc HoSO4 lam tdc nhén sulfo hda. Phan tng khir nudc cua fructose
thanh 5-HMF str dung chat xuc tac carbon xdp sulfo hda trén dugc thuc hién trong
dung mdi DMSO & 160°C trong 5h, hiéu suat HMF dat 90%. Anh huong cia mat do
vi tri acid, luong chat xdc tac, ti 1& mol cua chat xuc tac trén chat mang da dugc nghién
ctru. Chat xuc tac ran cd thé duoc tai sir dung ma khong lam giam dang ké hoat tinh
XUc tac.

20



Ciing nghién ciru vé x(c tac carbon xop cd chire ning acid st dung cho phan
g tong hop 5-HMF tir fructose, Gallo [47] di chic ning héa carbon mao quan trung
binh trén chat mang véi cac nhom acid sulfonic nhu acid sulfuric, acid phenylsulfonic
hoic acid naphtalenesulfonic. Cac vat liéu xuc tac carbon x6p dugc chac hoa acid cé
tinh hoat dong va on dinh hon nhiéu so véi acid propylsulfonic-SBA-15. Nghién ciru
ctia Gallo d3 chi ra rang cac nguyén tir carbon mao quan trung binh c6 tinh acid dugc
coi 1a vat liéu mai co thé thay thé cac chat xdc tac dua trén silica va organosilica noi
tiéng tir trude téi nay.

Su khtr nude caa fructose thanh 5-HMF ciing dc Li-Wei [48] nghién cau trén
chat xtc tdc Nb/SBA-15. Theo bao céo, xuc tac duoc diéu ché thong qua sw ngdm tam
w6t Nb véi SBA-135, sau dé duoc xir ly thém bing acid phosphoric va nung & 450°C
dé thu duoc chat xuc tac Nb-P/SBA-15. Sau khi xt ly bing acid phosphoric, cac vi tri
acid yéu duoc tang 1én, ddng thoi thém cac vi tri acid trung binh va manh. Két qua 13,
dbi voi qué trinh khir nuéc fructose thanh 5-HMF trong dung méi H.O/MIBK, chat
xuc tac Nb-P/SBA-15 thé hién do chuyén hoa va hiéu suat lan lugt 12 96,1%va 92,6%.
Phan tmg duoc thuc hién ¢ 160°C trong 1,5h. Céc chat xUc tac thé hién tinh bén 6n
dinh cao trong 4 lan tai sir dung lién tiép.

Chaloemkrit va cong su [4] da tong hop 5-HMF tir fructose qua nhua trao doi
cation trong 10 phan tng dong chay lién tuc. Metyl isobutyl xeton (MIBK) duoc sir
dung dé tang hiéu suat chuyén hoa fructose thanh 5-HMF va nhua trao ddi cation dugc
chtrc ning véi cac nhdm acid sulfonic duoc sir dung 1am chat xuc tac. Nhiét do, thoi
gian lwu va lugng dung méi anh huong dén do chuyén hoéa fructose, do chon loc 5-
HMF. Hiéu suét cao cta 5-HMF thu dugc khi ting nhiét d6 phan tng hoic thoi gian
phan ung. Viéc bo sung dung moéi N-methyl-2-pyrrolydone (NMP) da lam ting do
chuyén hoa va chon loc fructose theo huéng 5-HMF 1én 91,67% va 99,76% ¢ 120°C,
thoi gian luu 13 30 phat, ty 16 NMP trén nuée 1a 7:3 va ty 16 MIBK/nudc 14 4: 1.

Str dung cac chat xuc tac HY-1,2,3 zeolits trong dung mdi y-butyrolactone
(GBL)/H,0 dé chuyén hda fructose thanh 5-HMF va furfural, Wang va cong su [49]
da thuc hién phan ¢ng trong 4h & 25°C. Cac chét xuc tac zeolits co kich thuéc mao
quan nho hon kich thude dong hoc cua fructose, thuan loi cho su hap phu cua fructose
dang mach h¢ vao trong mao quan, do d6 thuan lgi cho phan tng tao furfural. Trong
khi d6, cac tam acid Bronsted ¢ trén bé mit cia mao quan xuc tac cho sy chuyén hoa
cua fructose dang mach vong thanh 5-HMF. Sé lugng tam acid Bronsted giam di khi
ti 1 Si/Al trong céc zeolits HY-1,2,3 tang 1én phu hop Vvéi sy giam caa AIP* dan dén
giam hiéu suat tao HMF va tang hiéu suat furfural. Phan ng dat hiéu suat HMF cao
nhit 12 69,1% ddi véi HY-3 va hiéu suat furfural 37,8% d6i véi HY-1.
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Nam 2020, nhom tac gia Mayer va cong su [41] da khir nude caa fructose thanh
5-HMF véi sy co mat cua (HsO)xShxTe 2«06 (X = 1, 1.1, 1.25) trong H20-MIBK véi
d6 chuyén hoa fructose téi wu 13 99% va hiéu suat 5-HMF 1a 59% da dat dugc voi x =
1,25.

Nam 2021, Wei va cong su [40] tong hop hiéu qua cao 5-HMF va 2,5-
diformylfuran tir fructose sir dung chét xuc tac tir tinh Fes04@Si02-SO3H. Hiéu suat
5-HMF dat 96,1 mol% & 120°C trong 1,5 gid véi su chuyén hda 100% mol fructose.

Ciing trong nim 2021, nhom tac gia Le va cong su [50] da cong bd két qua
nghién ciru tong hop céc hat nano cacbon tir tinh sulfo hoa tir dau bach dan 1am chét
xUc tac xanh va bén viing dé chuyén héa fructose thanh 5-HMF. Céac hat nano cachon
tir tinh sulfo hoa (SMCN) duoc tong hop tir dau bach dan thong qua dong nhiét phan
vé6i ferrocen va sulfo hoa bang HSO4. Hiéu suat xtc tac caa SMCN dé chuyén hoa
fructose thanh 5-hydroxymethylfurfural trong pham vi nhiét do phan trng dugc chi dinh
(120-180°C) va thoi gian (30—240 pht). C6 thé dat duoc 84% chuyén hda fructose va
51,6% hiéu suat 5-hydroxymethylfurfural véi ty 1& khdi lugng chat xdc tac trén fructose
1a 0,167 & 180°C va thai gian phan ng 1a 30 phat. Tinh chét tir tinh cia SMCN ciing
tao diéu kién thuan loi cho viéc thu hoi va tai ché chat xuc tac da qua sir dung.

Nam 2022, Ting Huang va cong sy [42] di tong hop chat long ion
diallylimidazole va tng dung dé chuyén héa D-fructose thanh 5-HMF. San pham 5-
HMF tir fructose thu duoc véi higu suat 52,59% trong nuéc va 73,71% trong DMSO.

Ciing thyc hién qua trinh khtr nuace hiéu qua fructose thanh 5-HMF trong nam
2022, Wang va cong su [51] da sir dung chét xdc tac cé tinh acid yéu dugc diéu ché tir
cacbon ¢6 ngudn gbc lignin. Chat xdc tac ¢é tinh acid yéu nay thé hién hiéu qua cao
trong dung moéi DMSO dé khtr nudce cua fructose thanh 5-HMF. Hiéu suat hinh thanh
san pham 5-HMF 12 96,0% khi sir dung dimethyl sulfoxide 1am dung méi, diéu kién
phan tng 1a 180°C trong 2h, va luong chat xc tac 14 0,1 mg/mg. Ngoai ra, LDMCC
con ¢6 kha nang tai sir dung trong ndm chu ky sir dung ma khong lam giam dang ké
hoat tinh xuUc tac.

Niam 2020, 5-HMF duoc tong hop tir glucose, fructose st dung chat xdc tac
UiO-66/g-C3N4 duoc bao céo boi Yunlei va cong su [52]. Hiéu suat san pham 5-HMF
cao dat 54,9% duoc giai thich boi hiéu tng hiép dong cua cac tdm hoat dong acid-
bazo, nang suat 5-HMF cao nhat 1a 54,9%.

Niam 2021, Sourav Barman va Rajat [53] da tong hop thanh céng chét x(c tac
quang Fe3*/Fe?*/AlSiOs/Ti** (FA-NPC) bang cach s dung nano-Al,SiOs va nano-
Fe3*/Fe dya trén tro bay (FA)%*. Chat xuc tac c6 dién tich bé mat riéng cao (142 m2/g),
c4c hat nano (50 nm) va niang lwong ving cam thap (2,78 eV). Chat xtic tic da chuyén

22



héa nuéc gao thanh 5-HMF véi hiéu suat 38,37 % & diéu kién chiéu xa 4nh sang mat
troi va nhiét do phan ng 70°C, thoi gian phan tng 60 phut.

Nam 2022, Jorge va cong su [54] di tong hop hdn hop oxide Al,03-TiO2-ZrO;
dé chuyén héa monosaccharid (fructose va glucose) thanh 5-hydroxymethylfural
(HMF). Cac phan tng duoc thuc hién ¢ 175 °C va ap suat Ar 30 bar trong mot hé dung
méi hai pha (THF/H0) trong 3h, hiéu suat chuyén hoa glucose thanh 5-HMF tbi da 1a
78% va hiéu suit fructose 12 63%. Céc vat liéu duoc nghién ctru da thyc hién khir nuée
tryc tiép cac monosaccharide thanh 5-HMF trong 30 phit va thu duoc cac chat trung
gian nhu acid levulinic (LA) va acid formic (FA).

Ciing trong ndm 2022, Ken-Lin va cong su [55] da cong bd két qua nghién ciu
qué trinh tdng hop 5-hydroxymethylfurfural tir fructose, glucose va cellulose. Nhém
tac gia da sir dung vo dau phong phé thai tim luu huynh dé s dung lam chat xuc tac
acid véi sy ¢6 mat cua chat 1ong ion dé tong hop 5-HMF. Chat long ion mot pha va hai
pha nhu [amim]Cl, [bmim]HSO4, va [emim]Cl duoc st dung két hop véi choline
clorua va dimethyl sulfoxide dé cai thién san lwong 5-HMF. Két qua cho thay rang vo
dau phong dugc ngadm tam luu huynh trong thoi gian dai cho nang suét tao ra san pham
5-HMF cao hon. O 130°C va 2 gid, hiéu suat 5-HMF tr fructose va glucose lan luot
dat 94,6% va 55,1%. Morales da diéu ché Ta,Os dang mao quan trung binh tir tién chat
tantali pentha-ethoxide Ta(OCzHs)s véi su c6 mit cua chat hoat dong bé mit khéng
ion triblock Pruronic L-121. Gel xuc tac dugc u & 40°C trong 24h roi dem khir nuéc
trong chan khong o 60°C sau d6 dem nung ¢ 550°C trong 6h. Chét ran thu dugc c6 ca
hai vi tri tam acid Lewis va Bronsted thuan loi cho qua trinh ddng phan hda glucose
thanh fructose va khur nuéc fructose thanh 5-HMF trong dung méi H2O-MIBK. Hiéu
suat 5-HMF dat duoc 12 23% & 175°C trong 1,5h. Chat xuc tac dugc thu hdi va nung &
550°C trong 2h cho kha nang phuc hoi tot.

Hoa chat co ban 5-hydroxymethylfurfural khong chi dugc tong hop tur
carbohydrat ma con duoc tong hop tir vi tao. Phan ang tong hop 5-HMF tir vi tao dugc
nhom tac gia Wang va cong su [56] sir dung chat x(c tac ré tién 1a H-ZSM-5-zeolit.
Trong b&o cao nay, vi tao phan hay thanh carbohydrat, sau do thuy phan thanh glucose
va mannose, ddng phan hoa cua chling thanh fructose trén céc vi tri acid Lewis va qua
trinh khtr nuoc lién tiép thanh 5-HMF trén cac vi tri acid Brensted. Phan tmg duoc
thuc hién ¢ 160°C trong 8h, tuy nhién hiéu suat tao 5-HMF thap, chi dat 7,7% do qua
trinh phai trai qua nhiéu budc, tao ra nhiéu san pham trung gian. Cac két qua duoc
trinh bay ¢ Bang 1.4.
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Bang 1.4. Mt s6 xuc tic di thé trong téng hep 5-HMF trong dung méi hiru co

. L. . Nguyén Nhiét | Thoi Dung Hiéu
STT | Nam Tac gia Xuc tac N . ] . A
liéu do, oC | gian moi suat
1 2009 Shimizu Amberlyst 15 fructose 100 1h DMF 90
2 2009 Shimizu Amberlyst 15 fructose 120 2h DMSO 92b
3 2009 Shimizu Amberlyst 15 fructose 120 2h DMSO 76
. Amberlyst 15
4 2009 Shimizu fructose 120 2h DMSO 100b
powder
L Amberlyst 15
5 2009 Shimizu fructose 120 2h DMSO 100
powder
L Amberlyst 15
6 2009 Shimizu fructose 120 2h DMSO 100b
powder
7 2009 Shimizu | Cs25HosPWi1204 | fructose 120 2h DMSO 91b
8 2009 | Shimizu FePW12040 fructose 120 2h DMSO 97b
9 2009 Shimizu FePW1,040 fructose 120 2h DMSO 49
10 2009 Shimizu FePW12,040 fructose 120 2h DMSO 48b
11 2009 Shimizu H3PW12040 fructose 120 2h DMSO 95b
12 2009 Shimizu H-BEA zeolit fructose 120 2h DMSO 97b
13 2009 | Shimizu H-BEA zeolit fructose 120 2h DMSO 51
14 2009 Shimizu H-BEA zeolit fructose 120 2h DMSO 40b
15 2009 Shimizu Nafion fructose 120 2h DMSO 94b
16 2009 Shimizu Nafion fructose 120 2h DMSO 75
Chunyan
17 2011 Fan AgsPW12040 fructose 120 77,7
18 2011 Fan AgsPW1,040 fructose 120 1h 77,7
19 2014 Morales Ta,0s glucose 175 1,5h | H.O/MIBK | 23
20 2015 Wang H-ZSM-5-zeolit vi tdo 160 8h 7,7
HPW
0,5h 92
21 2016 Gomes HPWI/Cs fructose 120 1h DMSO 80
HPW/MCM
22 2016 Zhao carbon / H2SO4 fructose 160 5h DMSO 90
CMK-5-PSA
. fructose
23 2017 Gallo (Cl/acid o
. inulin
phenylsulfonic)
o Nb-SBA-15 92,6
24 2017 Li-Wei fructose 160 1,5h | H,O/MIBK
Nb-P/SBA-15 96,1
Zr0O,-S-Mg-
25 2018 Yanv fructose 98,6
SBA15
26 2019 Cao Al-mont-10 glucose 180 2,5 THF:NaCl | 80,4
27 2019 Wang HY-1,2,3 zeolits | fructose 25 4h GLB-H,O | 69,1
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28 2020 Yunlei UiO-66/g-C3N. fructose 54,9
(H30)xShxTe2xOs 5900
29 2020 Mayer fructose H.O-MIBK
(x=1,1.1,1.25) %
Fe®*/Fe?*/AlLSiOs/ ) 38,3
30 2021 Barman i+ nudc gao 70 60 7
nano cacbon tir
31 2021 Le tinh fructose 180 30 51,6
sulfo hoa
Fes04@SiO,-
32 | 2021 We H04@SI0; fructose | 120 | 120 96,1
SOsH
. fructose 63
33 2022 Jorge Al,Os3-TiO,-Zr0O, 175 180 THF-H,O
glucose 78
. . . 73,7
Ting chat long ion DMSO-
34 2022 . o fructose 152,
Huang diallylimidazole H-20 -
. 9600
35 2022 Wang C/ lignin fructose ,180 150 DMSO 9
0
[AMIMICI
_ 5 dau phong ta fructose BMIM]HS
36 | 2022 | Ken-Lin | 0P PIOngtam 120 | BMMIRS 1 g/ 6
S 130 Oy
[EMIM]CI
[AMIM]CI
5 dau phong ta BMIM]H
37 | 2022 | Ken-Lin | VORUPIONEEM ) ose | 130 | 120 | BMIMIMS
S O4 55,1
[EMIM]CI

Nhie vy 1a trong nhitng ndm gan ddy, cdc nghién ciru tong hop 5-HMF tdp
trung vao ngusn nguyén ligu chu yéu la fructose, mét sé nghién cizu si dung glucose
hay cellulose, hay tham chi I tir nueéc gao hodc vi téo. Qua trinh tong hop 5-HMF si
dung cac logi xuc tac dj thé rdt da dang, tir di da acid dén oxide sulfonic héa, chdt xdc
tac tir tinh Fes04@Si02-SOsH hay cacbon ¢6 nguon goc lignin, tir vé ddu phng phé
thai sulfonic hdadén chdt long ion diallylimidazole, (HsO)xShxTe 2«06 (x = 1, 1.1,
1.25), zirconia dwoc sulfonic hoa trén Mg-SBA-15,.... Sw da dang cua cac logi x(c tac
acid d; thé va cac nguon nguyén liéu khac nhau trong téng hop 5-HMF cho thdy ddy
la hurong nghién cieu dang nhdn dwoc rat nhiéu sy quan tam trong nhitng nam gan
day.

1.4.2. XUc tac trén co s6 WO3

1.4.2.1. Gidi thiéu vé vit liéu WO
Vit lieu ban dan WO3 di duoc ang dung phd bién do ching c6 nhiéu tinh chat
ly, hoa thu vi nhu tinh dién, tinh quang, xdc tac, quang xuc téc, vat liéu pin va cam
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bién khi [57]. Tungsten oxide thuong ton tai dudi mot sé dang cau trac nhu ciu tric
monoclinic ( a-WO3 va y-WOs3), cau tric triclinic (B-WOs3) va cau tric hexagonal (h--
WO3). Tét ca c4c dang nay déu bao gom khdi bat dién chia sé goc gdm cac don vi
WOs, trong d6 cac ion W & tdm s& két hop vai 6 ion O tai 6 dinh tao thanh hinh
khdi bét dién véi do dai lién két W = O 1a khong d6i va goc lién két O-W-0O 1a
180°[58]. Triclinic chi bén ¢ nhiét do thap dudi 17°C[59]. Cau tric monoclinic va
hexagonal dugc trinh bay trén hinh 1.21.
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Hinh 1.21. Céu tric hexagonal (a) va monoclinic (b) ciia WO3 [58]

Trong hai dang cau trdc trén, dang m-WO; ¢6 su sap xép thanh cac hinh thoi c6
duong chéo 16n nam xen k& theo truc X, y, con h-WOsz tao ra mot mang ludi cac kénh
luc gi4c 16n xen k& véi cac kénh nho tam giac. Do do, chat phan tng dé dang chui vao
cac kénh 16n dé tiép xtc voi bé mat bén trong cua luc giac [58][60].

Tungsten oxide 1a mét trong nhitng oxide kim loai chuyén tiép c6 tinh acid manh
nhat [60]. Trong cac cong bd gan thuong nghién ciru vé cac xuc tac ran oxide trén co
s& WOs, trong d6 déu dé cap téi cac tam acid Bronsted/Lewis lién quan toi W*e va
W*5. Cau trdc caa cac vat liéu xuc tac oxide ran chira hon hgp WOs va cac oxide khéac
s& duoc dé cap ¢ phan sau.
1.4.2.2. Ung dung ciia cdc xiic tic trén co sé WOj3 trong tong hop nhién ligu

Nhu trén da néi, phan @ng tong hop 5-HMF da duoc rat nhiéu nhém nghién ctu
Vi cac loai xUc tac di thé khac nhau. Xuc tac oxide trén co sé WOz ciing dd dugc dua
vao st dung cho chuyén hda fructose hay glucose thanh 5-HMF.

Niam 2016, Yue va cac cong su [61] da tong hop mot ddy hdn hop oxides cua
Nb — W, ki hidu 12 Nb«—WOs trong d6 x 1a ti 1& mol Nb/W (x=0.033, 0.1, 0.2, 1). H&n
hop oxides duogc tong hop bang phuong phap két taa, trong d6 cac dung dich tién chat
trong nudc voi ti 1& mol thich hop duoc khudy manh ¢ nhiét do phong trong 8h.
Hydroxide thu duoc dem sdy & 60°C trong 10h. Cac oxide tong hop duge dung dé tong
hop 5-HMF tir glucose, fructose trong dung méi nudc, & 120°C trong 3h, hiéu suat
phan @ng tong hop 5-HMF lan luot 12 34% va 28%.
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Nam 2017, Huatao Han va cong su da sir dung chat xdc tac WO3z/rGO dé chuyén
hoa hiéu qua fructose thanh 5-hydroxymethylfurfural. Chat xic tac WOs/rGO duoc
diéu ché thong qua phuong phap thuy nhiét mot bude. Hiéu suat 5-HMF cao 1én dén
84,2% va do chuyén hoa hoan toan fructose trong diéu kién phan tng ti uvu: 1 mmol
fructose, 10 mg WO3/rGO, 2,0 g [BMIM]CI, 120°C trong 2h. Chét xUc tac c6 thé dugc
tai st dung nam 1an véi hoat tinh giam nhe [1].

Cung nam 2017, G. Raveendra va cong su [62] da tong hop WO3/SnO2 bang
phuong phép thuy nhiét va ting dung chét xdc tac cho phan tng chuyén hda fructose
thanh 5-HMF véi do chon loc cao. Chét xdc tac chira 20%WOs/SnO; thé hién hoat tinh
xUc tac cao & 120°C trong 2 gio va thu dugc hiéu suat 5-HMF 1a 93%. Chat xdc tac co
thé duoc tai sir dung va hoat dong cua né van khong bi anh hudng trong nim chu ky.

Khdng chi c6 mit trong c&c phan tng tong hop 5-HMF tir fructose, céc chat xuc
tac oxide trén co s& WO3 con gop mit trong cac phan ¢ng tong hop 5-HMF tir glucose
hay saccharide. Nam 2016, Qishun Liu va cong su [63] sir dung chat x(c tdc WOsz-
Ta20s dé chuyén hoa saccharide thanh acid levulinic va 5-HMF. Nhiét dé anh huéng
nhiéu dén hi¢u suit LA va 5-HMF. O 180°C va 160°C hi¢u suat LA lan luot 12 89% va
69%, con hiéu suat 5-HMF 1a 10% va 23% ¢ nhiét d¢6 160°C va 180°C khi sir dung
5%WO3 —Ta20s 1am chit xtc tac. Biéu nay cho thiy 5-HMF duoc chuyén hoa thanh
LA nhanh hon & nhiét do thap. Ngoai ra, san lwong 5-HMF giam khi tang thoi gian
phan tng do su bu nudéc cua 5-HMF thanh LA hoic céc san pham phu khéc. Nhiing
két qua nay cho thay nhiét do cao hon thiic day su hinh thanh 5-LA. Nhiét &6 phan tang
la vira phai so véi nhiét d6 phan ng can thiét khi sir dung céc acid dong thé lam chat
XUc tac.

Trong phan tng chuyén héa glucose thanh 5-HMF sir dung hdn hop oxides
NbxWsx (X = 1, 3, 4, 5 and 7) lam x(c tac, 6 mmol hdn hop tién chat NbCls va WClg
dugc thém vao dung dich chira 1 gam chat diéu khién cau tric P123 trong propanol.
Hon hop duoc khudy trong 2h roi dem gia hoa & 40°C trong 10 — 20 ngay, sau d6 dem
nung & 450°C trong 10h [64]. Phan tng tong hop thuc hién ¢ 120°C, d6 chuyén hoa
glucose dat 36%, 32%, 30%, 29% va 11% giam dan theo tht tu cua cac oxides NbaWs,
NbsWs, Nb7W1, NbsW3, NbiWo.

Ngoai kha ning xtic tic cho phan ung tong hop 5-HMF, hdn hop oxide trén co
s& WOz con dugc tim thay trong cac bao céo tong hop khac. Tagusagawa va cong su
[65][66]da tong hop oxide hdn hop TaxW(io- VA NbxWi0-x) bang phuong phap solgel
c6 sur dung chat hoat dong bé mat Pluronic P-123 1am chat diéu khién cau tric. Hoa
tan 1 gam P123 trong dung mdi propanol rdi cho thém tién chat TaCls hoic NbCls,
khuay manh & nhiét do thuong mot thoi gian roi dem gia hoa 10-14 ngay. Hon hop gel
thu duoc dem sdy khd va nung ¢ 500°C trong 5h. Céac san pham oxides hdn hop
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TaxW0-9va NbxW(o-xduoc sir dung 1am chat xic tc cho phan ng thiy phan sucrose
va cellobiose. C4c chét xtic tac va diéu kién phan ung téng hop 5-HMF duoc trinh bay
trén Bang 1.5.

Bang 1.5. Cac xtic tic di thé chira oxide WO3 trong tong hop 5-HMF trong dung

moi hiru co
Nguyén Nhiét | Thoi Hiéu
STT | Nim | Tacgia Xuc tac ligu d9,°C | gian | Dung moi | suat
1 2016 Yue Nb,—WO3 fructose 120 3h H.0 34
2 Yue Nb,-WO3 glucose 120 3h H20 28
3 2016 | QishunLiu | WOs-Ta,Os | saccharide 180 23
4 2017 | Huatao Han | WOs/rGO fructose 120 120 | [BMIM]CI | 84,2
5 2017 | Raveendra | WO3/SnO; fructose 120 120
6 2017 Guo NDbxWs.x glucose 120 propanol 36

Nhur vdy c6 thé néi, trong vai nam gan day, phan img tong hop 5-HMF
van dang la vin dé dwoc quan tam ddc biét. Cdc bdo cdo cho thdy ngay cang
nhiéu chdt xiic tac oxide di thé cho phdn ing tong hop 5-HMF. Tuy nhién, xdc
tac oxide ion hop chita WOscho phdn vmg trén chira dwoc cong bé nhiéu, va da
phan chiing dwoc tong hop bang phirong phdp thiy nhiét [1][61][62][67], ngam
tam [68] hodc két tia ¢ nhiét dg thuong [61]. Mot Vai oxide trén co sé WOs dwoc
tong hop bang phwong phdp solgel véi muc dich lam tang dién tich bé mdt xiic
tac, dwoc sir dung cho tong hop 5-HMF tir glucose nhung dé chuyén héa glucose
thap dwéi 36% dan dén hiéu sudt phan iing rdt thap [64], sé con lai khéng duwoc
nghién ciru ting dung cho phan img tong hop 5-HMF ma iing dung cho cdc phan
ung khac [65][66].

1.4.3. Xiic tac trén co s mot s6 chat mang oxide

1.4.3.1. Xiic tdc trén co so oxit SiO
Phan g tong hop 5-HMF ciing di dugc nghién ctru véi cac xiic tac oxide trén
co 86 SiO2. Cac két qua dugc trinh bay trong Bang 1.6.
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Bang 1.6. Cac xiic tac dj thé chira oxide SiO2 trong tong hop 5-HMF trong dung

moi hiru co
Nhiét
< P — Phan .~ | Thoi | Dung Hiéu
STT | Nam | Tac gia Xuc tac ing (;Ig, gian moi suit
Emre . .
1 2015 Kilic S04/ TiO, -SiO, , fructose | 110 DMSO 70
Emre
2 2015 Kilie S0,/ SiO, fructose | 110 DMSO
3 2017 Lv SiO.-HSIiW fructose | 170 H20 — 50,4
MIBK '
. H,O —
4 2018 Lv Si0,-HPW fructose 170 MIBK 27
Ali A. Aminosilane-Grafted | fructose | 100-
> 2018 Rownaghi Si0,~Zr0; glucose | 150 1-8h
6 | 2010 | zhang |T&C+@Si0:@TIO:—| g\ice DMSO | 83
HPW
Fesz04 @SIOz @TIOz —
7 2019 Zhang HPW inulin DMSO 545

Chat xuc tac SiO,-SO2Cl, SiO2-SO3H [69] véi hiéu suat twong tng 12 60, 63%
¢ 100°C trong dung m6i DMSO.

Cac chat xdc tac sulfat hoa khac nhau bao gém SO4/TiO2 —SiO2 , SO4/Ti-SBA-
15, SO4/ZrO2 , SO4/AC, va SO4/SiO2 da dugc Emre Kilic va cong su [70] thir nghiém
trong qua trinh khir fructose thanh 5-hydroxymethylfurfural (HMF) vao nam 2015. Cac
phan tng dugc thuc hién trong dimethyl sulfoxide (DMSO) & 110°C. Céc két qua dac
trung cho thay khdng quan sat thay luu huynh rira troi tir cac chat xdc tdc SO4/ZrO- ,
SO4/TiO2 —SiOz , va SO4/Ti-SBA-15 trong cac phép thir phan wng. Chét xuc tac
SO4/Ti02-Si02 ¢6 lugng acid manh cao va lwong Bronsted cao nhat. Do chon loc dbi
v6i HMF cao nhat dat 89% ¢ d6 chuyén hoa fructose 77% thu duoc trén chat xuc tac
nay. N6 van gitr nguyén hoat dong sau bdn 1an téi st dung.

Ciing di theo hudng chuyén hoa fructose thanh 5-HMF, Lv va cong su di sir
dung chit xuc tac acid di thé c6 chira silica [71]. Cac di da acid chira silica dugc diéu
ché théng qua qua trinh thity phan tetracthylorthosilicate (TEOS). Hoa tan acid
phosphotungstic (HPW), acid silictungstic hay con goi 1a acid tungstosilicic (HS1W)
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trong 20 ml nudc, 0,23 mol TEOS va 0,62 mol ethanol, khuéy tir & 40°C trong 1h. Hon
hop sau d6 duoc gia nhiét dén 85°C va duy tri & nhiét d6 nay trong 4h. Néu 1a acid
tungstosilicic thi can thoi gian 1au hon (10h) cho qua trinh thity phan hoan toan HSiW
do tinh acid ciia HSiW yéu hon HPW. San pham thu duoc dang gel duoc khir nudc ¢
45°C trong 1h, rdi nghién nho roi nung & 150°C trong 3h. San pham acid di thé chira
silica dugc ing dung cho chuyén hoa fructose thanh 5-HMF trong dung mdi hdn hop
H20 - MIBK & nhiét d 140-180°C. Hiéu suét cao nhat dat duoc cho cac xtic tic HSiW
va HPW lan luot 13 50,4% va 27% & 170°C.

Nam 2018, Ali A. Rownaghi va cac cong su [72] da nghién ctru st dung cac
chat xuc tac ludng chirc Aminosilane-Grafted SiO,—ZrO2 dé chuyén hoéa glucose,
fructose thanh 5-HMF. Céc chét xtc tac ludng chirc duoc tao ra biang cach nhung céac
hat nano SiO2 va ZrOzvao polyme polyamide-imide roi théng qua qua trinh “kéo soi
kho, uét-ngudi” dé tao thanh céc soi rSng, sau do tich hop vé1 aminosilan dé két hop
cac gbc amin vao cac soi rong. Hai qua trinh déng phan hoéa glucose thanh fructose
trén chat x(c tac acid Lewis va qua trinh khtr nuée cua fructose thanh 5-HMF trén chat
xuc tac acid Bronsted duoc tich hop véi nhau trén chat xic tac hai chirc ning néi trén
& cac nhiét do khac nhau (100 -150°C) va thoi gian phan tng (1 - 8 gio ). Két qua
nghién ctru chi ra rang, thong qua viéc toi uu héa ty 18 vi tri acid Lewis va acid Bronsted
trong chét xtc tac soi rSng, do chon loc HMF da duoc tang cuong tur 21% 1én 82% va

21% 18n 34% bang cach st dung twong ung 13 fructose va glucose 1am nguyén liéu.

Niam 2019, Zhang va cac cong su [73] di cong bo két qua nghién ctu sir dung
chat xuc tac 1a cac hat nano tir tinh Fes0s @SiO, @TiO2 ~-HPW dé tong hop 5-
hydroxymethylfurfural tir fructose va inulin. Chat xtc tac sau dé duoc sir dung dé tong
hop HMF tir fructose va inulin bang cach sir dung dimethyl sulfoxide (DMSO) lam
dung moi, va anh hudong cua nhiét do phan ng va thoi gian phan ing da duoc nghién
ctru. Két qua cho thay san lugng HMF thu duoc tir fructose va inulin lan luot dat 83%
va 54%. Sau phan ng, chat xuc tac c6 thé dé dang tach ra khoi hdn hop phan ¢ng bang
cach sir dung nam cham bén ngoai, va hoat tinh xuc tac cua chat xac tac dugc bao toan
t6t sau hon nam 1an tai sir dung.

Nhu vay trong cac bao cao trén, oxide silica va hon hop cua nd da dugc tong
hop bang cac phuong phap khac nhau va tng dung cho phan ¢ng tong hop 5-HMF.
Hiéu suat phan ing sé tang 1én néu ting dién tich tiép xGc giita cac phan tar duong véi
bé mat chat xtc tac. Néu tong hop duoc vat liéu SiO2 véi cau tric xop & lam ting dién
tich tiép xtic, 1am ting hiéu suat phan &ng tong hop 5-HMF.
1.4.3.2. Xuc tac trén co so TiO:

Titania va cac hdn hop oxide cua né di dugc nghién ciu sir dung 1am chat xuc
tac cho phan ang tong hop 5-HMF va céc phan ang khac. Nam 2011, De va cong su

30



da diéu ché duoc vat liéu TiO2 tir dung dich titannium isopropoxide va acid aspartic
[74]. Dung dich sau d6 duoc diéu chinh d6 pH bang dung dich amoniac thu dwgc chat
ran, dem nung chét ran thu dugc TiOz dang x6p. Chét xtc tac duoc st dung cho phan
tng tong hop 5-HMF tir fructose dat hiéu suat 74,8% & 140°C trong 10 vi séng, néu
ding thém chat long ion [BMIm]CI thi hiéu suat ting 1én 82%.

Oxide Titania ciing dugc tong hop dudi dang sulfonic ran TiO2-SO3H dé lam
xuc tac cho phan ang khir nuéc cua fructose thanh 5-HMF. Céc két qua duoc cong bd
nam 2020 bai nhom tac gia Maria Luisa Testa va cong sy [75]. Trong diéu kién tdi uu,
chat x(c tac TiO2-SO3H chuyén hoa hoan toan fructose va do chon loc 5-HMF (71%)
o 140°C.

Titania ciing c6 thé dugc tong hop dudi dang sulfat héa SO42/TiO2 bing
phuong phap solgel rdi tam géc sulfat [76], hodc bang phuong phap két taa hay ngam
tam [77] va duoc ung dung cho qué trinh khir nuéc cua glucose/fructose thanh 5-HMF,
trong dung méi hitu co hodc nuéc & cac nhiét @6 khac nhau (100-180°C) va thoi gian
phan ng (1-8 gio). Nong do 0,5M SO.2/TiO, rat hiu qua vai chuyén héa 100%
glucose/ fructose véi hiéu suat 5-HMF tdi da 1an luot 14 ~37% va ~75%, & 150°C sau
6 gio phan tng. Su 6 Mt cua nude trong mdi trudng phan ¢ng thé hién anh huong
tiéu cuc dén hiéu suat 5-HMF va chuyén hda glucose/fructose. Chat xuc tac 0,5M
SO4>/TiO2 c6 thé duoc tai sinh hoan toan va co thé duoc tai s dung nhiéu lan voi
hoat tinh khéng d6i va hiéu suat 5-HMF [76].

Trong céc bao cdo & trén, oxide TiO, da dugc tong hop chu yéu bang
phuong phap ngam tam hodc két tiia, duéi dang sulfat hoa hodc 13 duoc tong hop
trén chat mang SBA15. Phuong phap tong hop Titania va hén hop bang phuong
phap solgel ciing di dugc dé cap vao ndm 2015, do nhom téc gia Atanda va cac
cong su [78] bao cao. Nhom tac gia di tong hop hdn hop ZrO; - TiO; bang
phuong phap sol — gel va tng dung cho phan ting chuyén héa glucose thanh 5-
HMF. Phan trng duoc thuc hién & néng do glucose 5% vaéi ti 1€ xac tac 1:1 trong
hé théng dung méi hai pha nudc-THF cho hiéu suit 74%. Néu thay THF bang
dioxan thi hiéu suét tang 1én 86% vi dioxan dugc coi nhu mot chat diéu chinh
pha nudc gitp 6n dinh HMF trong pha phan tmg. Cac két qua dugc trinh bay
trén Bang 1.7.
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Bang 1.7. Cac xic tac dj thé chira oxide TiO: trong tong hop 5-HMF trong dung

moi hiru co
. L . Nguyén | Nhiét | Thoi | Dung | Hiéu
STT | Nam Tac gia Xuc tac . .. .
liéu do, °C | gian mOi suat
SO4/TiO—
1 2015 | Emre Kilic Sio fructose 112 DMSO 72
2
Ti02-ZrO;- H20-
2 2015 Atanda glucose 74
Amberlyst 70 THF
. H,0O-
3 2015 Atanda Ti02-ZrO; glucose i 86
Dioxan
Maria .
4 2020 . Ti02-SOzH fructose 140 71
Luisa
Tomer, . 75
5 | 2020 _ SO4*/TiO, | fructose | 150 6h
Richa
Tomer, .
6 | 2020 _ SO ITiO, glucose | 150 6h
Richa 37
- 75
7 | 2013 Zhang SO4*ITiO, | fructose | 140 3h
8 | 2013 | Zhang SO4*/TiO; | glucose | 140 3h 37

Nhur vdy ré rang la xiic tac oxide TiOy la mét trong nhitng xiic tdc tiém
nang cho phan ing tong hop 5-HMF. Tiy theo phiong phdp tong hop sé cé thé
tao ra dwoc cdu tric oxide rdn thudn loi cho phan ing tong hop 5-HMF.Téng
hop TiO, bang phirong phdp sol-gel ¢6 thé givip lam tiang hiéu sudt phdn img.
1.4.3.3. Xiic tdc trén co so ZrO;

ZrO2 ¢6 vai trd quan trong trong tong hop nhién ligu, dac biét 1a trong téng hop
5-HMPF. Téng hop 5-HMF tur fructose c¢6 s dung ZrO2 hoiac ZrO2/S0.Z[79] dugc
nhom téac gia Qi va cong sy cong bd nam 2009. Phan tng duoc thuc hién trong dung
mo6i DMSO — acetone & 180°C trong 20 phut dat hiéu suat tao HMF 1a 72,8%.

Qua trinh tong hop 5-HMF di tir glucose véi vat ligu x(c tdc SO42/ZrO; va
S04*7/Zr0,-Al,03 d3 dugc nhdm nghién citu Hongpeng Yan va cong su [80] cong bd
nam 2009 véi hiéu suat 39%. Ciing phan tmg d6, nim 2014, Zhang va cong su [81] da
diéu ché chit xdc tac di thé SO42/ZrO; trén TiO2 va chuyén hoa glucozo thanh 5-5-
HMFvéi hiéu suat cao. Hiéu suét két hop cua 5-HMF va acid levulinic dat 28,8% khi
c6 mit SO4>/ZrO2-TiO2 khi ty 1& mol Zr: Ti 1a 5: 5 sau 2h phan tng & 170°C.

Tong hop HME di tir glucose va fructose c6 thé st dung hdn hop oxide SnO2—
ZrO, véi ti 1& khéi lwong Sn/Zr = 0.1, 0.2, 0.03, 0.05 (g/g) tir Zr(OCsHy7)s va
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Sn(CHs)Cl2 hoic dang sulfat hda cua né SO42/Sn0,-Zr0O2) [82]. Chit xtic tac dugc
diéu ché bang phuong phap két tiia tir dung dich mudi tién chét véi dung dich NH4OH
& pH =11, hdn hop sau d6 dem khudy manh va dé ¢ nhiét do 83°C trong 1,5h thu dugc
chat ran. Lam khd chat rin & 100°C qua dém rdi dem nung ¢ 500°C trong 4h thu duoc
hén hop oxide SNO2-ZrO,. Hiéu suat tong hop 5-HMF dat 45%, 54%, 51% va 34%
tuong ung voi ti 1é khdi lwong Sn/Zr = 0.03, 0.05, 0.1, 0.2, (g/g) tir Zr(OCsH7)4 va
Sn(CHs)2Cl2. Ti 1 0.05 khéi lugng Sn/Zr tir Zr(OCsH7)4 va Sn(CHs)2Cl. dat hiéu suat
cao nhét.

Ziconia ciing dugc chon dé xuc tac cho sy khir nuéc glucose thanh 5-HMF [83].
Chat xuc tac dugc diéu ché bang phan ung nhiét phan Zr(OH)4 ¢ cac nhiét do nung
300, 400, 700, 900°C. Cac két qua chi ra rang ZrO2 ¢ trang thai vo dinh hinh & 300°C
va né bat dau cd cau trac tinh thé khi tang dan nhiét ¢6 nung, 1am giam dién tich bé
mat BET va tiang kich thudc tinh thé. O 400°C, ZrO; ton tai dang tinh thé tetragonal va
& 700°C va 900°C n6 bién d6i thanh dang monoclinic bén. Dang vé6 dinh hinh cua ZrO;
va dang tetragonal & 400°C dugc dic trung bai pho TPD-NH3 va NMR cho thy n6 c6
ca hai dang tam acid Lewis va Bronsted. Két qua hoat tinh xdc tac cho phan {ng tong
hop 5-HMF tir glucose dat do chuyén héa gan 100% va d6 chon loc 5-HMF 40%.

Niam 2019, Yumeng Zhou va cong su [84] bao céo viéc téng hop ZrO: sulfo
hoa l1am chat xtc tac acid ran. Oxide ZrO2 dugc téng hop bang phuong phap solgel,
sau d6 dugc ngam tam trong acid sulfuric rdi nung dé tao ra dang ZrO, /SO4%. Chat
XUc tac ZrO2 /SO4% ¢6 cau tric xdp, dién tich bé mit riéng dat 277 m?/g va co do két
tinh t6t. Pong thoi, chdng c6 sé luong tam acid cao (2,57 mmol/g) khi sulfat hda. Chat
xuc tac duoc (ing dung dé chuyén hoa fructose thanh 5-HMF véi hiéu suat san pham
5-HMF la 87% trong 60 phut ¢ 120 °C.

bi tir cellulose dé tong hop 5-HMF, Son va cong su [85] da thyc hién phan ng
trén chat xuc tac Zr-MCM-41 sulfo hoa (ZrO2/MCM-41) ¢ 170 °C trong 2 gid. Cac két
qua dugc trinh bay trén Bang 1.8.
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Bang 1.8. Cac xtic tic di thé chira oxide ZrO; trong tong hop 5-HMF trong dung

moi hiru co
R Nhiét
. L L, Nguyén | Thoi .. | Hiéu
STT | Nam Tac gia Xuc tac N do, . Dung moi A
licu glan suat
€ oC
. _ DMSO-
1 2009 Qi S04*/ZrO, | fructose 180 20p 72,8
acetone
Hongpeng | SO4>/ZrO,- DMSO-
2 2009 glucose 130 4h 47,6
Yan Al203 acetone
SO4*/ZrO,-
3 2014 Zhang . glucose 170 2h DMSO 39
TiO2
4 2018 Zhang Zr02 glucose 170 DMSO/H0 | 40
Yumeng )
5 2019 ZrO2 /S04~ | fructose | 120 1h DMSO 87
Zhou
ZrO2/MCM-
6 2020 Son 1 cellulose | 170 2h

Nhu vay 12 vat liéu oxide ZrO, va hdn hop cua né c6 nhiéu ang dung trong
t6ng hop xuc tac. Ngoai kha ning xuc tac cho phan ¢ng tong hop 5-HMF, vat liéu
oxide trén co s& ZrOz con c6 kha nang xuc tac cho cac phan tmg khac. Nam 2021,
Caterina Zerva va cong su [86] da tong hop va ung dung chat xuc tac 10% Ni/WOs-
ZrO; dé hydrodeoxy hoa phenol va dau nhiét phan nhanh sinh khéi (dau sinh hoc) &
diéu kién tuong ddi nhe (khoang 50 —250 <C, 30 bar Hy) trong 10 phan ting ¢ dinh ap
suit cao dong chay lién tuc. Tinh acid dugc ting cudng do bd sung WO3 trong ZrO: 1a
can thiét cho qua trinh hydro hoa hoan toan phenol thanh xiclohexan & nhiét do thap
150-C. Chat xuc tac Cr/WOs-ZrO; dugc diéu ché bang cach tim WOs3-ZrOz (WZr) véi
Cr da dugc phat trién cho xuc tac khtr chon loc NOx béng NHs. Su két hop cua Cr voi
ham luong t6i vu 1a 2% d3 1am ting déng ké hoat tinh cta chét xtc tac WZr di voi
NOx . Chu trinh oxy hoa khtr (Cr3* + 3W® « Cr®* + 3W5*) va tinh acid bé mit duoc
tang cuong dang ké c6 thé giai thich cho hoat tinh cao cua xuc tac Cr / WZr dé khir
NOx [87].
1.4.3.4. Tong quan vé vit liéu oxide hén hop MeO>-WOs3 (Me: Si, Ti, Zr)

a) Cdu truc vat liéu oxide hon hop MeO2-WOs (Me: Si, Ti, Zr)

Céc vat lieu oxide hdn hop chira MeO,- WOs3 (Me: Si, Ti, Zr) da duoc mot s6
nhom tac gia nghién ciru tong hop chu yéu biang cac phuong phéap thay nhiét, ngam
tdm va rng dung trén cac loai phan tng khéac nhau.

Nhu trén da néi, cac oxide hdn hop MeO,-WO3 (Me: Si, Ti, Zr) c6 thé ton tai
ca hai loai tam acid Bronsted va Lewis, trong d6 tim Bronsted duoc thay thé bang cac
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cation ¢6 hoa trj thip hon [88]. Trén phé IR hap thu lutidin cua vat liéu SiO-WOs3 chi
cho thay su c6 mit cua céc vi tri acid Bronsted tai cing tan sé 1643, 1630 cm™[89],
trong khi d6 trén phd IR hap thy pyridin cua vat liéu SiO2-WOs duge diéu ché bang
phuong phap solgel caa nhdm tac gia Kuala va cong su lai cho dau hiéu cua ca hai vi
tri acid Bronsted va Lewis [90]. Kuala cho rang su hinh thanh cac vi tri Bronsted la do
cac cum WOs lién két véi nhau tao thanh céc cum polytungstate, con céc vi tri Lewis
thuong wu tién voi cdc W co lap hon.

Vit liéu TiO2-WOs ciing 1a mot trong sb cac hé xdc tac acid hiéu qua trong viéc
chuyén hda sorbitol thanh nhién liéu sinh hoc [91], hoic phan tng dong phan hoa n-
ankan [91]. Céc oxide hdon hop nay c6 ca vi tri tam acid Lewis dugc gan cho Ti*" va
cac vi tri tam Bronsted do cac cum nano WO3 gay ra.

Vit liéu ZrO2-WOs3 la mét trong nhiing siéu acid ¢6 luc acid Ho < 14,7 [92].
Tinh chat siéu acid cua chat xdc tac ran nay 1am cho n6 cd thé thay thé acid sulfuric 1a
loai xtic tac ddng thé phai dung lugng 16n, c6 thé gay 6 nhiém méi truong. Trong nhiing

nam gan day hé xtc tac ZrO,-WO;3 da duoc rat nhiéu cong trinh nghién ctru dé cap téi
vi hiéu suat cao cta n6 d6i vai cac phan tmg doi hoi xuc tac acid [93]. Trong cac bao
c4o, quéa trinh tong hop xuc tac thuong la qua trinh ngdm tim ZrO(OH)2 voi
metatungstate amoni. C4c tinh thé nano WOj3; duoc quan sét thay trong pham vi 4,5-7

W/nm?. Hinh anh chi tiét cua cac cum nano WO3s duoc trinh bay trén hinh 1.22[94][95].
(b)

*11%,% %,8&
L0

ewezZeo g 1 &
b-nm Ze-WO« clusters o
0.5 nm s = < v I -

e polytungstate 2 y
o = 3 B O monowngstste mono-tungstate poly-tungstate WO,
(wWo,) crystallites

Hinh 1.22. M6 hinh c4c dang cau tric WOj3 trén chat mang

Tinh chét siéu acid caa hé xuc tac ZrO,-WO3 dong mét vai tro quan trong trong
cac phan tmg, trong d6 vi tri Bronsted phong phua hon céc vi tri Lewis. S6 lugng cac vi
tri Bronsted ting 1én d6ng thoi voi cac vi tri Lewis giam di khi cac tim W chuyén tir
phdi tri tr dién sang bat dién, tic 12 khi mirc d6 ngung tu WO tang 1én. D¢ acid t6i da
ctia Bronsted dugc quan sét thay khi dat dugc 4-8W nm2[96][97]. Hinh anh cac tam
acid Bronsted va Lewis va su két hop giita chiing duoc trinh bay trén hinh 1.23 [96].
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210, Zr0;

Hinh 1.23. Hinh anh cac tim acid Bronsted va Lewis va su két hop giira chiing

b) Ung dung ciia cdc vit liéu oxide hon hop MeO-WOs3 (Me: Si, Ti, Zr)

Vi cAu trdc ton tai ca hai tim acid Bronsted va Lewis , cac vt liéu oxide hdn
hop Me02-WOs3 (Me: Si, Ti, Zr) dd dugc tng dung cho nhiéu phan ung can xuc tac
acid. Hon hop xuc tac WO3- ZrO2 duoc diéu ché bang phuong phap tam uét ZrOz ngam
nudc vao dung dich amoni metatungstate trong nudce, sau d6 nung trong khong khi.
Vit ligu xtic tac dugc tng dung cho phan tng oxy hoa khir Hz va O [98] hoic dé dong
phan hoa butan va n-pentan ¢ nhiét d6 thap (303-323K) va ciing cho thay do 6n dinh
cao 1én dén 1173K [99][88]. Ciing phuong phép trén dua thém Cr vio hdn hop WOs-
ZrO; thi tao ra dwogc vat liéu xuc tac cho phan ang khitr chon loc NOx biang NHs [87],
con néu dua thém Ni vao hdn hop thi sir dung cho phan ang hydro héa phenol nguyén
chat trong dung dich hexan va dau nhiét phan nhanh sinh khoi [86].

Hon hop cac oxide WO3-Al,0s, WOs-TiO2, WO3-ZrO; ciing dugc tong hop
bang phuwong phap ngam tam cac chat mang trong dung dich tién chat (NH4)10Wi12042,
say kho ¢ 353 K trong 6 gid, sau d6 nung ¢ 1123 K trong 3 gid trong khdng khi [68].
Céac oxide hdn hop dugc rng dung lam xuc tac cho phan tng khir nuéc cua glycerol
thanh acrolein cho hiéu suat cao. Chai va cong su [100] di tir tién chat Zr(OH)4 ngam
tam véi dung dich amoni metatungstate hydrat sau d6 dem sy va nung trong khong
khi dé diéu ché WOs;-ZrO,, chat xtc tac dugc tng dung cho phan @ng thily phan
cellulose thanh ethylen glycol.

Ciing di tir phuong phap tdm w6t diéu ché hdn hop oxide WO3-ZrO,, Kourieh
[101] str dung tién chat Zr(OH)4 ngadm tam vai dung dich amoni metatungstate hydrat.
Cac vat liéu thu duoc duogc say kho qua dém & 85°C, rdi nung trong khong khi & 700°C
trong 4h thu duoc vat liéu WO3-ZrO,. Chat xuc tac dugc sir dung cho phan tng tong
hop 5-HMF tur fructose. Cho vao binh phan tng mot lugng Xxuc tac cung vaéi fructose
trong dung méi nudc ¢ 130°C trong 1h, hiéu suat phan Gng dat 40%.

Véi muc dich tong hop xuc tac cho phan &ng tong hop 5-HMF tir glucose, nim
2019, nhém tac gia Jan J. Wiesfeld va cong su [102] da diéu ché cac hdn hop oxide
WO3-TiO2, WO3-ZrO; Véi ti 16 mol 5:5 bang phuong phap solgel khi tron lwong
alkoxide kim loai thich hgp vao hon hop ruou trudc khi thém WCle. Hon hop duoc
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khuéy manh trong 10 phut cho dén khi thu duoc dung dich mau xanh lam dam, sau d6
dugc do vao ndi hap co 16t Teflon va i ¢ 100 ° C trong 24 gio. Chat rin mau xanh dam
dugc thu thap bang céch loc, rira nhiéu 1an bang etanol, va 1am khé qua dém ¢ 110 ° C
trong chan khong dé loai bo cac chat hitu co con sot lai. Cac phan cia mdi vat liéu kho
dugc nung & 300 va 600°C trong mét 16 dng trong khong khi nhan tao chay (thé tich
He / Oz = 4,3h, téc d6 gia nhiét 3°C. min'). Céc vat liéu tong hop duoc tng dung trong
phan tng tach nude cua glucose thanh HMF véi hiéu suat khoang 50% trong 2h &
120°C v&i hon hop dung moi H.0-MIBK.

Phan tng khir nuéce cuaa glucose thanh 5-Hydroxymethylfurfural ciing da duoc
Parameswaram Ganji va cong su [67] nghién ctu tdng hop véi chat xtc tdc WO3-TiO2
vao ndm 2019. Tai day xac tac hdn hop WOs-TiO, duoc tong hop bang céc
phuong phap khac nhau nhu phuong phap tong hop dbt chay dung dich va
phuong phap thuy nhiét c6 hd trg vi song cho phan ung dehydrat hda glucose.
Trong phuong phap d6t chay, dung dich tién chat dugc thuy phan roi nitrat hoa,
sau d6 dem dot chay ciing véi cac chat oxy hoa thu dugc san pham oxide ran.
Con trong phuong phap thuy nhiét, dung dich tién chat Ci12H2s04Ti duoc thém
ting giot vao dung dich nudc cua (NH4)sH2W12040. XH,O trong 10 vi song &
120°C trong 2h. San pham rin hydroxide duoc dem di nung dé thu lay hén hop
oxide WOs3-TiO,. Theo béo co, d6 chuyén hoa glucose va hiéu suat 5-HMF ting gan
nhu tuyén tinh véi sy gia ting nhiét d6 tir 130 dén 170 °C. Tuy nhién, khéng c6 sy gia
tang dang ké vé do chuyén hda hoic niang suat khi nhiét do tiép tuc tang 1én 190 °C.
Hiéu suat phan ung dat 58% vai chat xlc tac WOs—TiOxduoc tong hop bang phuong
phap thay nhiét c6 sy hd tro vi song, va véi chat xtc tac WOs—TiOstong hop bang
phuong phap dot chay thi hiéu suat chi dat 30%. Sy ting hiéu suat dang ké cua xdc tac
WOs3-TiO2 tdng hop bing phuong phap thay nhiét vi soéng dugc giai thich bang su
giam kich thudc hat xuéng c& 100 nm, dan téi su gia ting dién tich bé mat Ién tgi 101
cm®/g. Céc két qua duoc trinh bay trén Bang 1.9.

Bang 1.9. Céc xiic tac di thé chira oxide hdn hop Me-O-W trong tong hop hiru

co
. L L L Nhiét | Thoi | Dung | Hiéu | Phwong
STT | Nam | Tac gia Xuc tac Phan @ng . ] .. A )
d9,°C | gian | moi suat phép
WOs— isomer butan, ,
1 2002 Barton tam uot
ZrO; pentan
. WOx-— oxy hoa khir .
2 2004 | Occhiuzzi tam uodt
Z2r0; Hz, O,
. WO;— fructose— 2 .
3 2013 | Kourieh 130 1h 40 tam udt
ZrO, HMF
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. WOs- cellulose — <
4 2017 Chai tam uGt
Zr0; CzH4(OH)2
WO3— isomer butan, \
5 2017 Zhou 30 tam udt
ZrO, pentan
CI’/WO3* ,
6 2019 Ma NOyx— NH;3; tam uot
ZrO;
WO3-
Zr0: lucose H.O 50
7 | 2019 | Wiesfeld | (5:5) J 120 | 2h 2 solgel
—HMF MIBK 50
WO;—
TiO; (5:5)
dbt chay
dung
Paramesw H>0O- .
WOs- glucose— dich
8 2019 aram Tio HMVIE 170 2h DMS 58 i
Ganji 2 0 _uy )
nhiét/vi
song

Nhin chung, cac vt ligu oxide han hop Me-O-W (Me: Si, Ti, Zr) cho dén nay
M&i dwoc rat it nhom tac gia nghién cizu tong hop, dac biét 1a nghién cizu tong hop
bang phirong phdp solgel véi nhiing ti 16 Me/W khac nhau va i:ng dung cho phan i#ng
tong hop 5-HMF tur fructose. Dusa trén nhiing bao céo vé cac oxide don lé trén véi tiem
ndng xiic tac cho phan mg tong hop 5-HMF, ching téi dd nghién citu tong hop cac
oxide hon hep dang Me-O-W (Me: Si, Ti, Zr) véi nhitng ti 16 Me/W khac nhau bang
phuong phdp solgel va g dung cho phan #ng khir nueéc cua fructose thanh 5-HMF.
Hoat tinh x0c tac Ciia chiing diwoc S0 S&nh véi cac oxides tong hop bang phirong phdp
ngam tam théng qua hiéu sudt phan ing tong hop 5-HMF. Phdn ing duroc thuec hién
trong dung méi Dimethylsulfoxide (DMSO) l1a dung mdi hoa tan tot fructose va gidp
han ché su bi nwéc ciia HMF thanh acide levulinic (LA).

1.5. Cac phwong phap tong hop xGc tac
1.5.1. Phwong phap sol-gel

Sol-gel 12 mét trong nhitng phwong phép c6 thé tong hop vat liéu c6 cau tric
nano véi do tinh khiét cao & nhiét do phong. Qua trinh Sol-gel thudng lién quan dén
nhitng phan tir alkoxide kim loai bi thity phan duéi nhitng diéu kién dugc kiém soét va
ngay sau d6 nhitng chat nay phan tng véi nhau tao ngung tu dé hinh thanh lién két cau
kim loai — oxi — kim loai, tao thanh dang gel mong muén. N6 dugc sir dung rong rai
trong viéc ché tao gém sir va cac vat liéu composite ¢6 dién tich bé mat 16n. Phuong
phap sol-gel 1a mét ki thuat tong hop héa keo dé tao ra cac vat liéu c6 hinh dang mong
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muén & nhiét do thap. N6 duoc hinh thanh trén co s¢ phan tng thay phan va phan ¢ng
ngung tu tir C4cC tién chat (alkoxide precursors).

Mot hé Sol 1a mot sy phan tan caa cac hat ran c6 kich thudc khoang 0.1 dén
1pum trong mot chat 1ong, trong d6 chi c6 chuyén dong Brown lam lo ling cac hat.

+ Kich thudc hat qua nho nén luc hat 1a khong dang ké.

+ Luc tuong tac gitra cac hat la luc Valder Waals.

+ Céc hat c6 chuyén dong ngau nhién Brown do trong dung dich cé4c hat va
cham 1an nhau.

Sol ¢c6 thoi gian bao quan gigi han vi cac hat Sol hat nhau dan dén dong tu cac
hat keo.

Mot hé Gel 1a mét trang thai ma chat 16ng va rin phan tan vao nhau, trong do
mot mang ludi chat ran chira cac thanh phan chat long.

Tién chét 12 nhitng phan tr ban dau dé tao nhiing hat keo (sol). N6 dugc tao
thanh tir cac thanh t6 kim loai hay a kim, duoc bao quanh bai nhitng phdi tir khac nhau.
CAc tién chat c6 thé 1a chit vo co kim loai hay hitu co kim loai.

Céc qua trinh xay ra trong sol-gel [103][104][105]

Phan ¢ng thiy phan: Phan tng thay phan thay thé nhém alkoxide (-OR) trong
lien két kim loai-alkoxide bang nhém hydroxyl (-OH) dé tao thanh lién két kim loai-
hydroxyl.

M(OR)n + xHOH — M(OR)n«(OH)x + XROH

Phan g ngung tu: Phan tmg ngung tu tao nén lién két kim loai-oxide-kim loai,
13 co s& cau tric cho cac mang oxide kim loai. Hién tuong ngung tu dién ra lién tuc
lam cho lién két kim loai-oxide-kim loai khdng ngung tang 1én cho dén khi tao ra mot
mang ludi kim loai-oxide-kim loai trong toan dung dich. Phan tmg ngung tu dién ra
theo 2 kiéu:

+ Ngung tu ruou: M(OH)(OR)n1 + M(OR)n — (OR)n1M-O-M(OR)n.1 + ROH
+ Ngung tu nuc: M(OH)(OR)n1 + M(OH)(OR)n.1 — (OR)n.1M-O-M(OR)n1 + H20

Phuong phép tong hop xtic tic qua con dudng sol - gel 1a phuong phap rat thi
vi dé diéu ché duoc nhiéu loai xuc tac hién dai. Uu diém ciia phuong phap nay 1a cac
giai doan thudng xay ra ¢ nhiét do thuong, do dé dé thuc hién. Mit khac, cac tién chat
alkoxides kim loai thuong dé bay hoi nén & giai doan nung chiing thuong bay hoi hét,
do d6 vat liéu thu dugce c6 do tinh khiét cao. Thir ba, vi cac tién chét co — kim loai
thuong dé tron 1an, nén viéc tao ra mot hdn hop kim loai theo cac ti 16 xac dinh thuong
dé dat duoc. Thi tu, su thiy phan va ngung tu dugc xuc tac boi acid va bazo, nén sau
phan @ng c6 thé trung hoa nhe nhang bang cac dung dich dém, do d6 phuong phap
téng hop vat liéu bang phuong phép sol — gel thuong thich hop dé tong hop cac vat

liéu sinh hoc nhu cac enzym. Thir ndm, vat liéu tong hop dugc thuong co d6 xdp cao.
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Thir sau, bang viéc thay doi ti 18 giita cac tién chét, c6 thé kiém soat duoc toc do thity
phan va ngung tu, dan dén kiém soat dugc kich thudc hat keo, kich thudc 16 xop. Thi
bay, bang cach kiém soat cac diéu kién 1am kho va gia hoa, co thé kiém soat duoc kich

thudce 10 x0p va do bén co hoc.

Phuong phap nay diéu ché duoc nhiéu loai xtc tic cho nhiéu loai phan (g khéac
nhau, ¢ cac dang khac nhau nhu: kim loai mang 1én nén, cac hdn hop oxide, céc oxide
kim loai dugc thém chét tro xuc tac, va hé théng xtic tac ba cau tir.

Han ché cuia phuong phap nay 1a viéc sir dung cac tién chat dat tién va qué trinh
1am khé thudng xay ra cac vét niat khdng mong muébn. Qua trinh sol-gel phu thugc vao
cac yéu t6 anh hudng: pH va nhiét do, dung méi. Véi qua trinh hinh thanh PbO — TiOy,
tai nhiét 6 thap va pH moéi trudng acid dan dén hinh thanh TiO2 ¢6 cau trlic anatase.
Nguoc lai, trong khi ting dan nhiét d6 va pH (~ 70 °C, mdi treong Kiém), lai hinh
thanh nén PbTiO3 véi cau trac ti dién (Hinh 1.24)[106].
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Hinh 1.24. Qua trinh ché tao vat liéu ceramic bing phwong phap sol-gel[106].
1.5.2. Phwong phap két tiia-dong két tia

Trong phuong phap théng thudng, mot dung dich mubi kim loai duoc tac dung
v6i mot dung dich kiém, ammonium hydroxide (AH) hodc mot ammonium cacbonate
(AC) sé& tao thanh két tia hydroxide kim loai hodc carbonate. Chung c6 thé chuyén

thanh cac oxide br:?mg cach dun néng & nhiét do cao. Phan ung tao két tha nhu sau:
M™ —2H s M(OH), L ——>M,0,
M™ €%y MCO, ¥ —25>MO

Phuong phap diéu ché chat xuc tac bang cach két tiia duoc st dung khi cau tir
xuc tac chi gdom mot pha. Phuong phap nay c6 kha niang tao nén cac vt liéu rat tinh
khiét nhu: Al2Os, SiO2, Fe203, TiOz, ZrO.
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Phuong phép diéu ché chit xuc tac ding cach dong két tua khi hé xuc tac gdm
nhiéu cdu tir khac nhau, it nhat tir hai cau tir tré 1én trong ciing mot dung dich bang
cach hinh thanh cac tinh thé hdn hop, bang cach hap thu hay tron co hoc. Trong cong
nghiép diéu ché chét xuc tac, c6 nhiéu trudng hop ca hai ciu tir can két tia 1a khong
tan trong cac diéu kién két tiia mic du tich s tan cua chiung khac nhau kha xa. Trong
cac hat truong hop ndy ta goi 13 dong két ta. Nhitng hé xuc tac duge diéu ché theo
phuong phép dong két tiia nhu: Ni/Al,Oz, Cu/Al.03, Cu/ZnO va cac oxit Sn-Sb,...

1.5.3. Phwong phap két tinh thiy nhiét

Phuong phép két tinh thay nhiét 1a phuong phéap két tinh tir dung dich nudc
trong mot binh phan tng kin ¢ nhiét ¢ va ap suat cao hon binh thuong. Phuong phap
nay thuc chit ciing 14 phwong phap két tia da noi & trén, chi khac & nhiét do va ap suat
cao. Phuong phap thay nhiét thuong duoc &p dung dé tong hop cac oxide phic tap.
Dién bién qua trinh tong hop cac oxide cua cac kim loai trong diéu kién thuy nhiét
dugc cho rang xay ra theo mot quy trinh hai budc. Budc thir nhat 1a sy thay phan nhanh
cua dung dich mudi kim loai tao ra hydroxide kim loai. O buéc thi hai, hydroxide bi
dehydrat hoa, tao ra cac hydroxide kim loai hoic oxide kim loai mong muén. [107].

R

Hinh 1.25. Mé hinh phwong phap thiay nhiét [107].

1.5.4. Phwong phap ngim tim dung dich

Trong trudng hop nay tién chat khong tac dung vaéi bé miat cia nén. Pay 1a
truong hop dua vao khong gian xdp ctia nén mot dung dich tién chat tro. Tién chat
nam & trang thai hoa tan trong dung dich va khéng bi giit trén bé mat nén cua budc
diéu ché.

C6 hai phuong phap tam la tim mao quan va tam wét khuéch tan.

Tam mao quan 1 qué trinh dua tién chét vao trong khdng gian xop chia day
khong khi cia nén véi thé tich cua nén bang thé tich dung dich tién chét sao cho khi

41



két thlic su tong khong con du dung dich & phia ngoai khong gian 156 xép. Pay duoc
goi la tam kha.

Tam uot khuéceh tan 1a qua trinh 1am day khdng gian 16 x4p cua nén khi da c6
san chat long & trong khong gian 16 x6p. Trong nhiéu trudng hop chét long cua dung
dich tam va chat long trong 16 x6p cua nén la cing ban chat, khi ¢6 mudi tién chat s&
dich chuyén lién tuc tir dung dich vao tdm cta hat nén do su chénh léch ndng do gitra
dung dich bén ngoai hat va dung dich bén trong hat.

1.6. Két luan tong quan nghién ciru

Nhu vdy trén day ching t6i dd trinh bay téng quan vé fructose va nhiing
carbohydrat khaccd ngudn gdc tir sinh khdi (bio-mass), tong quan vé 5-HMF, téng
quan vé cac qua trinh tong hop 5-HMF tir fructose va nhiing carbohydrat khac trén xdc
tac acid, va tong quan vé cac chat xuc tac acid di thé cho phan ung tong hop 5-HMF.

Tt tinh hinh tong quan trén c6 thé nhan thay, phan ang khir nuéc cua fructose
va glucose thanh 5-hydroxylmethylfurfural 1a mot trong nhitng phan tng then chét
trong viéc chuyén doi sinh khdi thanh céc hop chat nén c6 gia tri. Phan tng tong hop
5-HMF c6 thé di tir cac nguon nguyén lidu khac nhau nhu fructose, glucose, cellulose,
inulin,... Cac phan tmg nay di duoc thuc hién véi nhiéu loai xtc tac khac nhau, tir xdc
tac d6ng thé cho téi xdc tac di thé. Nhitng nim gan day, do nhiéu wu diém cta xuc tac
di thé so véi xuc tac dong thé, cac cong bd khoa hoc lién quan dén phan &ng tong hop
5-HMF déu st dung nhiéu loai xdc tac di thé da dang. Cac chat x(c tac di thé nhu WO3
duoc biét dén nhu mot xUc tac acid ran manh, c6 hiéu ning xuc tac tét trong nhiéu
phan tng hitu co [9]. Do dién tich bé mat riéng thap, xdc tac trén co sé WO3 thudng
dugc tong hop dudi dang xuc tdc mang trén chat mang.Nhiéu nghién ciru da chi ra rang
dang cau triic (WOx) va su phan tan ciia chiing trén bé mat chat mang dong vai tro quan
trong trong hiéu nang ctia xuc tac. Piéu nay phu thudc rat nhiéu vao phuong phap ciing
nhu cac diéu kién téng hop x(c tac.

Véi cac vu diém va trién vong cia xtc tac trén co so WOs, trong luan an nay,
ching tdi nghién ctru tong hop lan dau tién céc hé xuc tac acid 1a oxit ran hdn hop Me-
O-W (Me: Zr, Ti Si) bang phuong phap Sol-gel va danh gia hiéu suat tao 5-HMF tur
nguyeén liéu ban dau fructose, mot trong nhitng mat xich quan trong qua trinh tao nhién
liéu sinh hoc va cac hop chit héa hoc co ban tir sinh khéi. Phuong phép sol-gel duoc
lya chon do kha ning diéu chinh nhiéu tham sé cua n6 (dung mdi, nhiét do, ndng do,
thoi gian) c6 thé tao nén cac vat liéu hoan todn méi vé cau tric tinh thé ciing nhu hinh
thai hoc. Diéu ndy cd thé anh hudng dén cao dén hoat tinh xuc tac cua vat liéu thu
dugc. Voi hé xtc tac Me-O-W hudéng téi, nhitng nhém céu tric nano WOX phan tan
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dong déu va duogc “giir chat bén virg” véi chat nén duoc hy vong sé tao ra nhiéu. Boi
qua d6, hoat tinhctia xUc tac c6 trién vong s& duoc cai thién manh mé nhu da noi & trén.

Céc hé xuc thc Me-O-W s& duoc danh gia cac dac tinh cau trdc, hinh thai cua
vat liéu bang cac phuong phéap vat Iy hién dai nhu: nhiét vi sai (TGA), nhiéu xa tia X
(XRD), ph6 Hong ngoai chuyén hda Fourier (FTIR), kinh hién vi dién tu truyén qua
(SEM), kinh hién vi dién tir truyén qua (TEM), kinh hién vi dién tir truyén qua phan
giai cao (HRTEM), kinh hién vi dién tir truyén qua quét truong toi (STEM-HAADF),
hap phu-giai hap khi nito (BET), va giai hap amonic theo chuong trinh nhiét d6 (TPD-
NHs).

Hoat tinh x(c tac cua vat liéu dugc dénh gia théng qua hiéu suat phan @ng tach
nuéc cua fructose thanh 5-hydroxymethylfurfural (5-HMF). Cac yéu té anh hudng dén
hiéu suat phan tmg nhu nhiét d6 phan @ng, thoi gian phan ng, nong do fructose ban
dau va ban chit xuc tac ciing s& duoc nghién ctu.
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CHUONG 2. THUC NGHIEM VA CAC PHUONG PHAP NGHIEN CUU
2.1. Thuwe nghiém
2.1.1. Héa chit

Cac hoa chat sir dung déu dat do tinh khiét phan tich: ZrOCl..8H,0 99%
(Trung Quéc), Ti(C2HsOH)s 99 % (Sigma Aldrich), Si(OCzHs)s 99% (Sigmal
aldrich), WCls 99 % (Merck), C2HsOH 99% (Trung Qudc), P123 (Sigma Aldrich),
DMSO(Merck), khi N2 99 %, Fructose (Sigma Aldrich) duoc sir dung truc tiép khong
qua bat ky giai doan xir Iy nao.

2.1.2. Céc quy trinh téng hop vat liéu

2.1.2.1. Quy trinh tong hop vit liéu Me-O-W (Me: Zr, Ti, Si)

Quy trinh tong hop vat liéu Me-O-W (Me: Zr, Ti, Si) nhu sau: hoa tan 1g P123
trong 10 ml etanol, khudy manh cho dén khi tan hét chat ran. Sau d6 cho thém vao
hén hop trén cac dung dich tién chat nhu WCls hoa tan trong C2HsOH 99% va mot
trong cac dung dich ZrOCl2.8H,0, Ti(C2Hs0H)s4, Si(C2HsOH)4) trong dung mdi
C2HsOH 99% véi céc ti 16 mol khac nhau. HAn hop dugc khudy ¢ nhiét do thuong
trong khoang 2 gio. Sau khi da hoan thanh viéc khuay, hdn hop dugc dem gia hoa &
40°C trong 5 ngay, sau d6 duoc siy ¢ 60°C trong 24 gio dé lam bay hoi dung mai.
Cubi cuing, chat ran dugc nung trong khdng khi ¢ 400°C trong 5h, véi téc do gia nhiét
1 phat/do[64].

. 1g P123+ 10 ml i ZrOCl,.8H,0+ ,

w WCl, + C,H.OH :

Khuéy & nhiét d phong trong 2h

Hoén hop

Gia hoa & 40°C trong 5 ngay

Gia hoa Gel

Siy & 40-60°C trong 24h

o Nung 400°C trong 5h //‘\
Chat ran San pham (Me-0-W)

Hinh 2.1. So' @0 md ta quy trinh tong hop vit ligu Me-O-W
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, . . 3 Me X
Céc vat liéu xdc tdc Me-O-W hay MexW10xOy ¢0 ti I€ mol W = 0 , trong d6 x

=0,1,3,5,7,9, 10. Véi x =0 xuc tac la WO3 con véi x = 10 xuc tac la MeO»
2.1.2.2. Quy trinh tong hop vit ligu WO3/MeOz(Me: Zr, Ti, Si)
Vit lidu xic tic WO3/MeO2 (Me: Zr, Ti, Si) dugc tdng hop bang phwong phap
ngam tam theo cac budc sau:
Budc 1: Can 1 lugng xuc tac MeO2 (Me: Zr, Ti, Si) daduoc tong hop theo quy trinh
trén va WCls 99% theo ty 1é mol 9:1 r6i thém 10ml dung mai etanol, khuay han hop
trong 2h.
Budc 2: Hon hop duoc siy ¢ 40-60°C trong 24h dé 1am bay hoi dung méi.
Budc 3: Cudi ciing nung chét ran ¢ 400°C trong 3h véi tée do gia nhiét 1 phat/do.
Cac xuc tac WO3/ZrO2, WOs/TiO2, WO3/SiO2 dugc ki hiéu twrong tng 1a TZ9,
TT9, TS9.

10 ml etanol ' Zr0O,+ WClg (9:1)

Khudy ¢ nhiét o phong trong 2h

Hon hop

Sdy & 40-60 °C trong 24h

o Nung 400°C trong 3h Sin phim
Chat ran '
Zr0,/WO; (TZ9)

Hinh 2.2. So' 46 mé ta quy trinh téng hop vit liéu ZrO/WO;

2.1.3. Quy trinh ti sinh xuc tac Me-O-W (Me: Zr, Ti, Si)

Chat x(c tac thu duoc sau phan ung duoc loc ly tam véi téc do 7000 vong /
phut trong khoang 5 phat. Chat ran duogc tach va loc rira véi nude va ethanol roi sy
& 70°C trong 24h. X(c tac thu dugc dem nung & 400°C dé 1am sach bé mit, sau
doduoc dua vao cac phan tng chuyén héa fructose thanh 5-HMF theo cac diéu kién
phan ung.
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2.2. Cac phwong phap nghién ciru
2.2.1. Cac phuwong phap dic trung xuc tac

2.2.1.1. Phwong phdp phé nhiéu xq tia X (XRD)

Nguyén tdc

Phuong phéap xac dinh cau trc tinh thé dya trén viéc xac dinh cudong do cua
tia bt xa bi l1éch hudng so véi phuong truyén cia tia X do sy phan xa gay ra khi tia
X lan truyén trong tinh thé duoc goi 1a phuong phap nhidu xa tia X. Chum tia
Ronghen di qua tinh thé bj tdn Xa bai cac nguyén tir trong tinh thé. Hién twong nay
xay ra trén Iop vo dién tir cua cac nguyén tir trong tinh thé. Cac nguyén tir tré thanh
tam phét séng cau, cac séng nay sé& giao thoa v&i nhau néu thoa man mot s diéu kién
nhat dinh. Cau trdc tinh thé s& quyét dinh vi tri hinh hoc ciing nhu cuong do cua cac
cuc dai giao thoa. Vi vay, mdi cau trdc tinh thé s& c6 mot anh nhiéu xa tia X dac
trung.

Thuc nghigm: Cac mau xuc tac duoc ghi trén may D8 ADVANCE Bucker
trong diéu kién goc rong tir 10 — 70 theta tai khoa Hoa truong DPH Khoa hoc Tu nhién,
Pai hoc Quéc gia HN.
2.2.1.2. Phwong phdp phé hong ngoai FTIR

Phuong phap phén tich theo pho hong ngoai la mét trong nhitng k§ thuat phan
tich rat hiéu qua. Mot trong nhitng uu diém quan trong nhat caa phuong phép pho
hong ngoai so vai nhitng phuong phap phan tich cau tric khéac (nhidu xa tia X, cong
huang tir dién tar---) 1a phuong phap nay cung cap thong tin vé ciu tric phan ta nhanh,
khong doi hoi cac phuong phép tinh toan phc tap.

K§ thuat nay dua trén hiéu (g don gian 1a: cac hop chat hoa hoc c6 kha nang
hap thu chon loc birc xa hong ngoai. Sau khi hap thu cac buc xa hdng ngoai, cac phan
tr ctia cac hop chat hoa hoc dao dong véi nhiéu van toc dao dong va xuat hién dai
phd hap thu goi 1a pho hap thu birc xa hong ngoai.

Cac d¢am pho khac nhau c6 mat trong pho héng ngoai twong &ng véi cac nhém
chuc dac trung va cac lién két cé trong phan tir hop chat hoa hoc. Boi vay pho hong
ngoai cua mot hop chat hod hoc coi nhu "dau van tay", c¢d thé can ca vao d6 dé nhan
dang ching.

% Thuc nghiém: Mau xdc tac duoc ghi trén may FT/IR-6300 type A trong viing dao
dong 4000 + 400 cm™, Khoa Héa hoc, Pai hoc Khoa hoc Ty Nhién, Pai hoc Quéc
gia Ha Noi.
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2.2.1.3. Phwong phdp hién vi dién tir quét (SEM)

Phuong phap hién vi dién tr quét (SEM) duoc tng dung dé xac dinh hinh thai,
hinh déng, kich thuéc hat va su phan b kich thuéc hat. Trong linh vuc san xuét,
SEM c6 thé dung dé xac dinh chét luong cua cac linh kién dién ti.

Nguyén tac: Anh mau nghién ctru duoc tao ra nhochum electron tir 5ng phéng
xuyén qua vat kinh va loc thanh mot dong hep anh tia dién. C4c tin hiéu dién duoc
giri toi Ong tia catdt va dugc quét 18n man hinh tao nén anh. P nét cua anh dugc xac
dinh bai sb hat thir cAp dap vao dng tia cat6t, s6 hat nay lai phu thuoc vao goc ban ra
cua electron khoi bé mat mau, tac 12 phu thuéc vao mirc @6 16i 18m cua bé mat. Vi
thé anh thu dwgc s& phan anh dién mao bé mat cua vat liéu [108].

Thuc nghiém: Mau duoc do trén may HITACHI S-4800 hoat dong & 10kV
v6i d6 phong dai 80000-100000 lan tai Vién Khoa hoc vat liéu-Vién Han Lam
KH&CN Viét Nam.
2.2.1.4. Phwong phdp hién vi di¢n ti truyén qua TEM (Transmission Electronic
Microscopy)

Nguyén tic: Phuong phap hién vi dién tir truyén qua la mot phuong phap
nghién ciu vi cau trdc vat rin, s dung chum dién tr ¢ niang luong cao chiéu xuyén
qua mau vat ran mong va sir dung céac thau kinh tir dé tao anh véi d6 phong dai 16n
(toi hang triéu 1an). Anh cé thé tao ra trén man huynh quang, trén phim quang hoc
hay ghi nhan bang cac may chup k§ thuat s6. Tir anh TEM c¢6 thé xéac dinh dugc su
cd mat, vi tri va hinh dang cdc mao quan cua vat liéu MQTB. B¢ phén giai cua kinh
hién vi dién tir chi bi han ché bai budc song electron, diéu co thé dé dang thay doi
bang céch diéu chinh truong tang téc.

Thuc nghiém: Trong luan an nay, anh HAADF duoc ghi tai dai hoc Toulon,
Cong hoa Phédp va anh TEM dugc ghi trén may - JEM1010 hoat dong ¢ 30Kv tai
Vién Vé sinh Dich té Trung uong.
2.2.1.5. Phwong phdp phé tin sic ning lwong tia X (EDX)

Phé6 phan tan nang luong tia X hay pho tan ning luong la ky thuat phan tich
thanh phan héa hoc cua vat ran dua vao viéc ghi lai pho tia X phat ra tir vat ran dé
tuong tac véi cac buc xa (ma chi yéu 1a chim dién tir 6 nang luong cao trong céc
kinh hién vi dién tt). Trong céc tai liéu khoa hoc, k¥ thuat nay thuong duoc viét tat
la EDX hay EDS xuat phat tr tén goi tiéng Anh Energy-dispersive X-ray
spectroscopy.

Nguyén ly cia phép do EDX

Khi chim dién tir c6 mac nang luong cao duoc chiéu vao vat ran, n6 sé dam
Xuyén vao nguyén tir vat ran va twong tac vai cac 16p tinh dién bén trong nguyén tu
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Tuong tac nay tao ra tia X c6 budc song dic trung ti 16 nghich vai s6 nguyén
tur (Z) cua nguyén tir theo dinh luat Mosley. :

Viéc ghi nhan phd tia X phat ra tir vat ran s& cho biét cac théng tin vé nguyén
t6 hoa hoc cd mit trong vat ran. Dong thoi cho céac thong tin vé ti 1é thanh phan cua
cac nguyén tb nay.

Thuc nghiém: Cac mau duoc ghi trén may MT4000 SEMversion 01-05 tai
khoa Vat ly, truong DH Bach Khoa Ha Noi.
2.2.1.6. Phwong phdp phan tich nhié¢t (TGA)

TGA ( Thermal gravimetric analysis ) 1a phuong phap dua trén co s¢ xac dinh
khdi lwgng cua mau vat chat bi mat di (hodc nhan vao) trong qué trinh chuyén pha
nhu 13 mot ham cuaa nhiét do. Khi vat chat bi nung néng khéi lwgng caa ching sé bi
mat di tir cac qua trinh don gian nhu bay hoi hoic tir cc phan ang héa hoc giai phong
khi. Mot sb vat liéu c6 thé nhan duoc khdi luong do chiing phan tng véi khéng khi
trong moi truong kiém tra. Phép do TGA nhiam xac dinh: Khéi luong bi mét trong
qué trinh chuyén pha. Khéi lugng bi mat theo thai gian va theo nhiét 6 do qué trinh
khtr nude hodc phan ly. Buong phd TGA dic trung cho mét hop chat hoic mot hé do
thar tu cua cac phan tng hda hoc xuat hién tai mot khoang nhiét do xac dinh 1a mot
ham caia cau tric phan tir. Su thay doi cua khéi luong 13 két qua cua qua trinh dut gay
hoic su hinh thanh vo sé cac lién két vat ly va hoa hoc tai mot nhiét d6 gia ting dan
dén sy bay hoi ctia cac san pham hoic tao thanh cac san pham ning hon. Nhiét d6 st
dung binh thuong khoang 1200°C. Moi truong st dung 1a moi truong khi tro hoac
khi khac.
2.2.1.7. Phwong phdp ding nhiét hip phu- khir hip phu N>

Phuong phap dang nhiét hap phu- khtr hap phu N2 dugc sir dung dé xac dinh
dién tich bé mat riéng (m#g), tong thé tich mao quan (cm?/g), dudng kinh mao quan
trung binh (nm) va su phan b duong kinh mao quan caa vat liéu. Ngoai ra, dwa vao
duong dang nhiét hap phu -giai hap phu N2 ¢6 thé xac dinh duoc dang cau tric mao
quan, loai vat liéu (mao quan trung binh, vi mao quan va mao quan Ion).

Nguyén tic: Phuong phap dang nhiét hap phy- khir hap phu c6 thé su dung
mét s6 loai khi nhur Ar, CO2 va Na. O trong diéu kién dang nhiét, & cac ap suat khac
nhau (st dung bom chan khong dé thay doi 4p suat, hay ap suat twong d6i P/Po), vat
liu hap phu luong N2 khac nhau. O 4p suat twong ddi P/Po < 0,3, vat liéu hap phu
don 16p va thuong duoc sir dung dé xac dinh dién tich bé mat riéng. Nguoc lai, & &p
suat twong d6i P/Po < 0,3 vat liéu hip phu da 16p va c6 hién tuong ngung tu mao
quan. Nhu vay, & C&c gia tri 4p suat twong ddi khac nhau (P/Po tir 0-1), vat liéu hap
phu luong khi hap phu khéac nhau (N2) dé vé dugce duong dang nhiét hap phu. Nguoc
lai, & cac gia tri 4p suat tuong ddi P/Po ~1 dén 0,1, vat liéu thuc hién qua trinh giai
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hip phu, va c6 thé vé duoc dudng dang nhiét giai hdp phu. Phuong phap BET
(Brunauner-Emmett-Teller) va BJH I cic phuong phap dugc sir dung rong réi nhat
dé xac dinh cac thong sb hda ly caa vat liéu.

Thue nghi¢m: Trong luan an nay, phuong phap dang nhiét hap phu-giai hap
phu N2 dugc phén tich ¢ nhiét d6 -196 °C, trén may TristaPlus-1I cua My tai Pai hoc
su pham Ha Noi. Cac mau duoc xir Iy & nhiét do 250 °C, trong dong khi N lién tuc
trong 6h dé lam sach cac mao quan cua vat liu. Dién tich bé mat riéng cua vat li¢u
duogc xac dinh theo phuong phap Brunauer—Emmett—Teller (BET), duong kinh mao
quan dugc xac dinh theo phuong phap Barrett-Joyner-Halenda (BJH).

2.2.1.8. Phwong phdp phé dién tir quang tia X (XPS)

Phuong phap pho dién tir quang tia X (XPS) duoc st dung dé xac dinh hda tri
bé mat, thanh phan cac nguyén té, do tinh sach (chta tap chéat hay khong) cua vat
liéu.

Nguyén tac: Trong k¥ thuat nay bé mit mau dugc ban pha boi tia X ning
luong thap tir nguon nhdm hodc magié trong do sir dung pic Ko. Doi khi cac photon
nang luong thap hon hodc cao hon dugc s dung nhu photon phat ra tir bia silic va
cac ngudn cuc tim trong phd dién tir quang cuc tim (Ultraviolet Photonelectron
Spectroscopy-UPS). Bing cach do dong ning dién tir quang va biét ning lwong
photon téi thi nang luong lién két dién tir ¢6 thé xac dinh dugc. Nang luong lién két
chinh 14 dai lugng dic trung cho nguyén tir ma tir d6 c6 thé nhan duoc mot s6 thong
tin quan trong vé mau nghién ctru nhu cac nguyén to ¢ mat trong mau, ham luong
phan trim cua mdi nguyén t6 va trang thai hoa hoc ciia cac nguyén to c6 mat[109].

Thue nghiém: Trong luan an nay, cac mau dugc do pho XPS tai truong Pai
hoc Toulouse, Cong hoa Phap.

2.2.1.9. Phwong phdp khir hdp phu amoniac theo chwong trinh nhiét dj

(TPD-NHs)

Phuong phap hap phu NHs theo chuong trinh nhiét d6 dugc st dung dé xac
dinh céc tam acid manh, acid trung binh, acid yéu va tong lwong tdm acid trong vat
liéu xdc tac.

Nguyén tic: Phuong phap hap phu NHs dua trén nguyén tac dong khi NHs
duoc hap phu bao hoa trén vat liéu ¢ nhiét do trén 100 °C (hap phu héa hoc, nhiét do
nhé hon 100 °C vat liéu ¢6 kha ning hap phu vat ly). Khi ting nhiét d6 tuyén tinh,
xay ra hién tuong giai hap phu NHs va luong NHsbi giai hip phu dugc dong khi tro
dua dén detecto dé dinh luong. Van toc khir hap phu phu thudc vao phuong trinh
nhiét ¢ [110].

Thuc nghiém: Trong luan an nay, TPD-NH3 dugc do trén may AutoChem-II
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ciia My tai Vién Hoa hoc, Vién Han Lam khoa hoc va Cong nghé Viét Nam. Cac mau
vat lidu ¢ khéi luong khoang 100-300 mg duoc tién xir ly trong dong Heli véi toc
d6 50cm3/pht & nhiét d6 300 °C, dé 1am sach cac mao quan cua vat liéu. Sau do, hé
phan tng dugc 1am ngudi xudng nhiét do phong va dong khi NHs (10% NHs trong
khi He) duoc bom vao véi toe dd 10 cm®/phut dé vat liéu hap phu bdo hoa NHs. Tiép
theo, hé phan tmg duoc gia nhiét 1én 120 °C, dé loai bo lwong NH3 tuong tac vat ly
(hap phu vat Iy). Sau d6, tang nhiét d6 cua hé phan ang tir 120°C 1én 600°C Véi tdc
d6 gia nhiét 10°C/phat. O céc nhiét do khac nhau, lwong NHs hap phu hda hoc trén
vat liéu duoc giai hap va duogc ghi lai boi ¢au do TC detector. Tir cac nhiét do khéc
nhau, luong NHs bj giai hdp phu khac nhau, c6 thé thiét lap duoc duong khir hap phu
NH; theo chwong trinh nhiét d6. Dya vao duong khtr hap phu NHs ¢6 thé xac dinh
duoc cac tam acid yéu, acid trung binh va acid manh dya theo nhiét do6 NHz giai hap
phu.

2.2.2. Phwong phap danh gia hiéu suat chuyén hoa ciia x(c tac

2.2.2.1. Quy trinh phdn irng chuyén hba fructose thanh 5-HMF

Phan ng chuyén hoa fructose thanh 5-HMF 1a phan ng tach ba phan tir nudc
cua fructose theo so d6 sau:

Hiéu suat chuyén hoa cua xuc tac duoc danh gia qua phan wng chuyén hoa
fructose thanh 5-hydroxymethylfurfural. Hé phan tmg dwoc thuc hién trong binh cau
ba ¢6 ndi vai sinh han xoan. Quy trinh ciia mot qué trinh danh gia hoat tinh xdc tac
dién hinh nhu sau:

Budc 1: cho 100 mg xuc tac vao binh phan tng va hoat hoa ¢ 120°C trong
dong khi N2 trong 1h (200 ml/phut).

Budc 2: cho 10 ml dung mdi DMSO chira 5% khéi lugng fructose vao binh;
khuay lién tuc hdn hop phan Gng tai nhiét do khao sat 120°C trong 2 h, dudi moi
truong khi Na.

Budc 3: Lam lanh nhanh dung dich sau phan tng dugc bang nuéc lanh.

Budc 4: Tach san pham khoéi mau xuc tac bang dau loc 45 pum.

Trong céc thi nghiém khao sat, vai trd, diéu kién phan tng, cac tham sé nhiét
do, thoi gian, nong do fructose va dung méi cé thé duoc thay doi.
2.2.2.2. Pdnh gid higu sudt phén iing

Hiéu suat phan tmg duoc tinh toan thong qua cong thuc.

Nong do HMF thu dugc (ppm)

HY% = — :
Nong do HMF theo ly thuyét (ppm)

x100%

Trong d6, nong do 5-HMF thu duoc (ppm) dugc xac dinh theo phuong phap
ngoai suy duong chuan,bang cach do pho sic ki long hiéu nang cao HPLC céc dung
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dich sau phan trng khir nude cua fructose thanh 5-HMF.

2.2.2.3. Phwong phdp sic ki long hiéu néing cao (HPLC)

Nguyén tic

HPLC la phwong phap duoc sir dung rong rai nhat trong phan tich bao gom ca
HPLC pha thuong va HPLC pha dao. Khi ching ta phai tach riéng cac chat thi sic ky
pha thuong s& duoc str dung, ding dé tach va phan tich cac hop chat codo phan cuc
cao vai phan tir luong khdng 16n 1am. Nhung néu chi quan tdm dén mot s6 loai thi ta
st dung sac ky pha dao. Dung mdi sir dung trong sic ky pha dao 1a cac dung moi
phan cuc nhu: nuée, methanol, ... Phuong phép nay dung phan tich cac hop chat tir
phan cuc dén khéng phan cuc. Do dé, trong phép phan tich cac hop chét furfural,
chung t6i sir dung sac ky pha dao.

Diéu kién caa phép phan tich HPLC can dam bao rang cac hop chat furfural
dugc bao vé khong bi phan hay. C6 mot sé loai detector chuyén ding cho phép phan
tich furfural. Sy phéat hién bang detector huynh quang (Fluorescence Detection- FD)
va su phat hién bang tia tir ngoai (Ultraviolet Detection - UV) dugc sir dung rong rai
trong cac phep phan tich.

Thuc nghiém: Trong luan an nay, phuong phap do sic ki 10ng hiéu ning cao
dugc thuc hién trén may HPLC LC-800, su dung cot C18 dai 250 cm, dung moi
CH30OH/H20 = 50/50, A = 283 nm, flow= 1ml/phdt tai Dai hoc Hang hai Viét Nam.
Xay dung dwong chudn

Hoa tan 0.275 gam HMF chuan bang nudc deion sir dung binh dinh mic
10ml thu dwoc dung dich chuan c6 nong do 2750 ppm. Sau d6, pha lodng dung dich
chuan thanh dung dich c¢6 nong dé khac nhau. Str dung phuwong phap HPLC dé xac
dinh ham luong HMF trong mdi dung dich pha loéng.

Bang 2.1. P hép thu ciia cic dung dich chuén

CHwmF
(ppm) | 13.75 | 20.625 | 275 34.375 | 41.25 44 | 45.375 | 46.75 | 48.125

Do hap
thy 1923 | 2821 | 3874 | 4841 5800 | 6100 | 6256 | 6426 | 6731
(mAu)

o1
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Hinh 2.3. Puong chuin ciia HMF
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CHUONG 3. KET QUA VA THAO LUAN
3.1. Vit liéu xuc tac Si-O-W
3.1.1. Két qua diic trung caa vat liéu Si-O-W
3.1.1.1. Gian dé phan tich nhi¢t TGA ciia vt lidu Si-O-W

s T EARa | P Exparismuse Mgai b0 S58%E Crusiba: FT 100 4 Anrasgharetr
Liabri s T 050620 Procedore: RT — DOOC {1000 min. 1) Some 25 Mais (w2484
TG : — TG fmin=y
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Hinh 3.1. Gian dé phan tich nhiét TGA cia vt liéu SisWs

Dé xac dinh nhiét do hinh thanh oxide, phuong phap phén tich nhiét TGA
duoc st dung cho mau SisWs. Hinh 3.1 cho thay trén gian do phan tich nhiét TGA c6

3 giai doan mat trong luong. Cu thé, ¢6 ba khoang giam khéi luong 12 27,4%, 23,0%,

5,6% tuong rng vai cac khoang nhiét @6 50-180°C, 200-300°C va 300-450°C. Su suy
giam khéi lugng ¢ nhiét do 50-180°C do qué trinh mat nude, bay hoi ctia nuée hap

phu vat ly trén bé mat tién chét va c6 thé ca ruou bi giit lai trong 16 rdng cua tién chat.

Giai doan mat khéi luong ¢ nhiét do 200-300°C dugc gan cho qua trinh dot chay cac
thanh phan hitu co kém bén trong mau. Sy mét khéi lwong khoang 2,3% trong lwong
c6 thé 1a do qua trinh phan hily mét luong nho cacbonat trén bé mat caa hop chat. Do
do, dé diéu ché chat xtc tac oxide Si-O-W, nhiét d6 nung téi thiéu dugc chon la

400°C.

53



3.1.1.2. Gidn d6 XRD ciia vit ligu SiO2, WO3 va Si-O-W

Gian d6 XRD cua vat lieu WOs, SiO2 va Si-O-W duoc trinh bay trong Hinh
3.2.Trong gian d6 XRD. Hinh 3.2 cua vt liéu SiO2, khong thiy xuét hién cac dinh
pic dic trung cho cau trdc pha SiOz, cho thay vat liéu SiO2 ton tai & dang vo dinh
hinh [111]. Gian d6 XRD ctia mau WO3 xuat hién cac pic & goc 20 ~ 23,1; 26,4; 28,6;
33,4; 33,5; 41,3; 49,7 va 55,6° dic trung cho cAu tric pha don ta cua WO3[112].

Cuwdng do6 (a.u)

T T
20 30 40 50 60 70
2 theta (d6)

Hinh 3.2. Gian @6 XRD ciia vt liéu WOz, SiO2va Si-O-W

Tuong ty, ciing c6 thé quan sat thay cac dinh pic & goc 20 ~ 23,1; 26,4; 28,6;
33,4; 33,5; 41,3; 49,7 va 55,6° dic trung cho ciu trac pha don ta cia WOz trong cac
mau SitWo, SisW+, SisWs, Si7Ws va SisWi [112]. Trén gian 6 XRD ctia mau SigWi
c4c pic & goc 20 ~ 23,1° va 33,5° c6 cudng d6 yéu hon nhiéu so véi cac mau Si-O-W
khéc. Két qua nay cho thay SisWi ¢ d tinh thé pha WO3 kém hon cac mau Si-O-W
khac, cd thé do ham luong WOz thip nén tao ra cac pic c6 cudng do yéu. Ngoai ra,
két qua nay ciing cho thiy phuong phap sol-gel di tao ra mau SigW1 c6 pha WO phan
tan tbt trén nén SiO2 va ton tai cha yéu & dang vi tinh thé. Két qua do phd hap phu -
giai hap N2 (BET) va STEM-HAADF ciia mau SisWi1 ¢6 thé minh ching rd hon vén
de nay.

3.1.1.3. Phé hong ngoai FTIR ciia vit liéu SiOz2, WO3 va Si-O-W

Dé xac dinh cac lién két trong mau vat lidu SiO2, WO3 va Si-O-W ching toi
da tién hanh phan tich ph6 hong ngoai FTIR. Két qua phan tich phd hong ngoai FTIR
caa cac mau vat ligu SiO2, WO; va W-O-Si dugc thé hién & Hinh 3.3,

Trén phd FTIR cua tat ca cac mau déu xuat hién cac tin hiéu ¢ 3500 cm™ dic
trung cho dao dong cua nhdém -OH trong c4c phan tir nude hap phu trén bé mat xdc
tac va tin hiéu & 1646 cm™ duoc gan cho dao dong bién dang cua cac nhom Si—
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OH. Phé hdng ngoai FTIR caa mau WO3 cho cac cuc dai hap thu ¢ céc s6 séng 931,
822, 764 cm* dic trung cho cac dao dong cua lién két W-O [71]. Trén phd IR cua
SiO2 ¢6 cac dao dong ddi xtung va khong ddi xing cua cac nhém Si—-O & s6 song
1224, 1084 cm™.

S
©
=
o
c .
«g: Si;Wg
AN
= WO,
<«O-
Q

W-O

T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

sé séng (cm™)

Hinh 3.3. Pho FTIR ciia cic miu vit liéu SiO2, WO3 va Si-O-W

Dao dong ¢ sé song 804 cm™ dugc duoc gan cho dao dong udn cong cua cac
nhém Si—O-Si. Dao dong & s6 song 462 cm™ dugc gan cho dao dong bién dang cua
cac nhom Si—O [113][114]. Phé FTIR caa hdn hop oxide Si-O-W cho thay su chong
chap cua cac cuc dai hap thu cua cac dao dong cua nhém Si-O va W-O.

3.1.1.4. Hién vi dién tir truyén qua (TEM) ciia mdu vit liéu SiO2, WOz va Si-O-W

Anh TEM cua vit liéu SisWs va SisWi1 duoc binh bay trong hinh 3.4. Trong
Hinh 3.4, anh TEM cua vit liéu Si-O-W c6 dang hinh cau, cac hat cé kich thuéc nho
(20-30 nm), kich thuéc hat kha dong nhat.
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Hinh 3.4. Anh TEM ciia cic miu vat liéu SisWs va SigWi
(A), (B) SisWs va (C), (D) SigW1

3.1.1.5. Phd SEM-EDS ciia vit liéu Si-O-W

Nham muc dich gép phan xac dinh thém hinh thai bé mat va phan tich nguyén
t6 ctia cAc mau vat liéu Si-O-W, chling t6i da tién hanh ghi phé SEM-EDX cta mau
SigW1. Két qua phan tich nguyén té duoc trinh bay trén hinh 3.5 va Bang 3.1.
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Hinh 3.5. Két qua do SEM- EDX miu SisW1

Bang 3.1. Thanh phin miu xUc tac SigW:

L
14

Thanh phan Khoi luong (%) | Nguyén tir (%)
O 34.05 63.72
Si 30.91 32.95
w 20.46 3.33

Bang 3.1 chi ra thanh phan nguyén td, thanh phan phan tram vé khéi luong va
thanh phan phan tram vé sé nguyén tir trong hop chét. Ti I¢ s6 nguyén tr Si/W la
32.95/3.33, x4p xi bang ti 1& Iy thuyét 9 /1. Két qua nay cho thay chat xuc tac SigW1da
duoc tong hop duang ti 18.

Hinh anh SEM - mapping ctia SisW1 dudi day (hinh 3.6) mét 1an nita cho thay
su phan tan déu cac nguyén tir Si, W va O trén bé mat vat liéu.
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Hinh 3.6. Hinh anh SEM - mapping cta SigW1
3.1.1.6. Puwong ding nhiét hiap phu-gidi hdp phu N> ciia vit liéu WOs, SiO2 va
SigW1

Cau trdc hinh thai cua vat liéu SisWi duoc 1am rd thém bai phép do Hap phu
- giai hap Nito. Két qua duoc gigi thiéu trén Hinh 3. 7.
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Hinh 3.7. Puwong dang nhiét hap phu-giai hap phu N2 ciia vat liéu WO3, SiO;
va SigW1

Nhu dugc trinh bay trong Hinh 3.7, dudng dang nhiét hap phu N2 cia mau,
SiO2, SigW1 thudc loai 1V, phan loai theo IUPAC [115]. Puong dang nhiét hap phu-
giai hap phu N2 ¢ ti 1¢ ap suat twong doi P/Po = 0.45-1 hién thi mot vong tré 16n
thuong duoc quan sat déi véi vat lieu mao quan trung binh [115]. Cac mau WOs,
SiO2 va SisWi c6 cac thdng sb do dién tich bé mat riéng 1a 25,5; 281, 173 m?%/g va
thong sé duong kinh 15 xop cho SiOz va SisWi twong ung 1a 3,8 va 4,3nm. Nhu vay,
qué trinh tdng hop vat liéu Si-O-W da l1am ting cac théng sé dién tich bé mat cua hé
vat liéu so véi don oxide WOs. Dién tich BET cua SiO2 la 281 m?/g véi duong kinh
trung binh 1a 3,8 nm va thé tich 15 xp dat 0,210 cm?/g. Dién tich kha I6n caa SiO: 1a
phl hop véi dang vo dinh hinh nhu da duoc chi ra boi két qua do XRD. Ngoai ra két
qua nay ciing duong nhu cho thay chat hoat dong bé mat P123 da dong vai tro tao ra
d6 x6p cho vat liéu trong qué trinh tong hop.

3.1.1.7. Gidn d6 TPD-NHs ciia vit ligu WO3 va SigW;

Tinh chét acid trén bé mat 1a mot trong nhitng yéu t6 chinh anh huéng dén
hiéu qua chuyén hoa fructose thanh 5-HMF. Puong giai hip phu TPD-NH; cia cac
mau WOs3 va SisW1 dugc trinh bay trong Hinh 3.8. Gian ¢6 TPD-NH3 duoc ghi lai ¢
nhiét do 50-600 °C. Bang 3.2 tong hop céc thong sé hinh thai va tinh chat acid cua
cua hai vat liéu khao sat trén.
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Hinh 3.8. Gian dd6 TPD-NHjs ciia vat liéu WO3va SigW1

Bang 3.2. Két qua do Hap phu - giai hip N2 va TDP-NHj3 ciia cdec miu WO; va
SigW1

NH3s (mmol/gxac tac )

vat | Seer | Visxép | Dein | Acidyéu | Acid trung Acid Tong

ligu | (m?g) | (cm3g) | (nm) (150- binh manh lwong
300°C) | (300-500°C) | (>500°C) | acid

WOs3 25.5 0,170 | 30,50 0,131 0,169 0,008 0,308
SigW1 | 173,4 | 0,046 4,33 0,287 0,424 0,074 0,785

Trong Hinh 3.8, cac dinh giai hdp NH3 c6 nhiét d6 ¢ 50-150°C do NHs
hoac NH,* hap phu vat Iy trén bé mat chat xuc tac. O nhiét do 150-300°C duoc
cho 1a NH3 hoac NH,* hap phu yéu trén bé mat chét xdc tac, NH;z duoc khir hap
phu & nhiét d6 trén 300-500°C 1a do NH; dugc lién két trung binh véi chat xuc
tac. O khoang nhiét do trén 500°C 1a do NHs duoc lién két manh vai chat xdc
tac [116]. Gian ¢ TPD-NH; ctia mau SigW; ¢6 sy hién dién caa cac tim acid
yéu, trung binh, manh véi dung lwong giai hap phu NHs twong @ng trong mau
SisW; 12 0,287; 0,424; 0,074 mmol/g. Dung luong giai hap phu NH; ctia mau
WOs twong tng véi acid yéu, trung binh va manh lan luot 0,131; 0,169 va 0,008
mmol NHs/g. Nhu vay, vat liéu SigW; cho thdy dung lwong giai hap phu NHs
cao hon dang ké so vai mau WOs. Sy hién dién cia cac cum WO; phan tan tot
trén SiO; tao ra sb lwong cao hon cac vi tri ¢o tinh acid tir yéu dén trung binh
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va manh [67]. Thuc té nay cho thay ring viéc dua WOj; vao cu tric SiO, dan
dén sy gia ting dang ké ndng do cua cac tdm acid, gop phan cai thién hoat tinh
cua chat xtc tac [117]. Dic biét 1a cac tm acid thudc ving tam acid yéu va
trung binh ¢ dang tdm acid Bronsted nhu da dugc bao cao trude day [118].

3.1.1.8. Phé XPS ciia vit liéu Si-O-W

Quaé trinh x(c tac di thé 1a qua trinh dién ra trén bé mat vat liéu xdc tac.
Do d6, thdng tin vé hoa tri, ham luong cua cac nguyén td trén bé mat cua vat
liéu dong vai tro rat quan trong. MAu xuc tac SigW; dugc phan tich bai phd XPS
véi cac phd phan giai cao cua O1s, Si 2p va W4f duoc gidi thiéu trén Hinh 3.9.

ots i waf
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Hinh 3.9. Phé XPS ciia O1s(A); Si 2p (B) va W4f (C) ciia miu SigW:

Trong hinh 3.9A, phd O1s cua vat liéu SisWi xuat hién hai cuong d6 dinh cuc
dai & cac nang luong lién két 531,17; 533,09 va 533,97 eV ¢ thé duoc gan cho oxi
trong cac lién két Me-O (Si-O va W-O) va lién két O bi hip phu trén bé mat chat
xuc tac. Ph XPS phan giai cao cua Si 2p cua vat liéu Si-O-W (Hinh 3.9B) cho thay
cé4c tin hiéu & 103,86 eV lién quan dén Si 2p. Twong tu, pho do phan giai cao ctia Was
cua vat liéu SigWi (Hinh 3.9C) cho thay cac tin hiéu ¢ 35,28; 37 eV tuong tng Voi
W4t va 4fs, dac trung cho trang thai W®*, con cac tin hiéu ¢ 36,05; 38,13 dic trung
cho trang thai W®*. Sy xuat hién cua trang thai oxi hda W5* duoc trong doi 1a dang
cau trc chira cac tdm acid Bronsted (W5*-OH) thay vi cac tam acid Lewis (W8*=0).
Cac tam acid Bronsted dugc xem déng vai tro chi yéu trong qua trinh tach nuéc cua
phén tu fructose thanh 5-hydroxymethylfurfural.

3.1.2. Panh gia hoat tinh ciia chat xtc tac Si-O-W
3.1.2.1. Panh gia hiéu sudt chuyén hba ciia hé chit x(c tac Si-O-W
DPé danh gia hiéu qua cua cac chat xic tac Si-O-W, phan ang chuyén héa
fructose thanh 5-HMF véi cac chét xdc tac duoc tién hanh & diéu kién nhiét do phan
ung 120°C, thoi gian phan tng 2h, trong dung moi DMSO (Hinh 3.10).
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Hinh 3.10. Anh hwéng ciia hé chat xic tac Si-O-W dén hiéu suét hinh thanh
san pham 5-HMF

Anh huéng cua hé céc chat xdc tac W-O-Si dén hiéu suét chuyén hoa fructose
thanh san pham 5-HMF duoc trinh bay ¢ Hinh 3.10. Trong Hinh 3.10, nhan thay khi
khdng str dung chat xdc tac, fructose chuyén hoa thanh 5-HMF véi hiéu suat 37% khi
thuc hién phan ang ¢ nhiét do 120°C, trong dung méi DMSO. Mau WOs, SiO; da
chuyén héa fructose thanh 5-HMF véi hiéu suat chuyén hoéa dat lan lugt 58,1% va
50%. Hon hop oxide Si-O-W ¢ hiéu suat chuyén hoa fructose thanh 5-HMF cao hon
dang ké so véi cac mau SiO2 va WOs riéng 1é. Nhu vay, pha hoat tinh WO3 phan tan
trén chat nén SiO, da lam tang hiéu qua chuyén hoa fructose thanh 5-HMF. Két qua
nay duoc giai thich bai chat nén oxide SiO; c6 dién tich bé mit cao, thé tich mao
quan 1én, cho phép tang su phan tan cac trung tdm hoat tinh cia pha WOy cua vat liéu
Si-O-W, dan dén hiéu suat chuyén hoa fructose thanh 5-HMF ting dang ké [1]. Hoat
tinh cua cac chat xuc tac dugc xép theo thir ty ting dan nhu sau: SiO2(50,5%) <
WO03(58,1%) < SitWg(63,5%) < SizW7(63,9%) < SisW5(65,0%) < SigW1(84,3%) <
Si7W3(86,8%). Nhu vay, c4c chat xUc tac oxide Si7Ws va SigWs 14 cac chat x(c tac
c6 hoat tinh cao nhét trong cac mau vat liéu Si-O-W véi hiéu suat chuyén hoa thanh
5-HMF lan luot 12 khoang 86,8% va 84,3%. Véi goc nhin vé hiéu suét tao 5-HMF va
vé hiéu qua kinh té thi mau SigW; da duoc lua chon cho cac nghién ctu tim diéu kién
chuyén hoa téi wu tiép theo.

3.1.2.2. Pdnh gia cac yéu t6 anh hwéng dén higu sudt chuyén hoa fructose thanh
5-HMF trén chdt x0c tac SigW:
a) Anh huong cua nhiét do

Anh huéng cuaa nhiét d6 dén hiéu suat chuyén hoa fructose thanh 5-HMF dugc
trinh bay trong Hinh 3.11
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Hinh 3.11. Anh hwéng ciia nhiét dd dén hiéu suit phan @ng chuyén héa
fructose thanh 5-HMF trén xuc tac SisW1

Vit liéu SisWi duoc sir dung lam chat xtic tac dé chuyén hoa fructose thanh 5-
HMF. Trong Hinh 3.11, nhiét do phan tng anh huéng dén qué trinh chuyén hoa
fructose thanh 5-HMF, cu thé khi phan tng dugc thuc hién ¢ 100°C, téc do hinh
thanh 5-HMF kha cham, véi hiéu suat san pham 5-HMF dat 34,4%. Diéu nay c6 thé
do qua trinh khir nwéc cua fructose thanh 5-HMF la phan trng thu nhiét, do d6 nhiét
d6 cao c6 loi vé nhiét dong hoc cho phan tng chuyén hda fructose thanh 5-HMF
[119]. Vi vay, khi ting nhiét d6 phan tng tir 100°C Ién 120°C, hiéu suat san pham 5-
HMF tang tir 34,4% 1én 84,3%. Nhu vay, ¢ nhiét d6 120°C, c6 lgi cho qua trinh
chuyén héa fructose thanh 5-HMF. Nguoc lai, khi ting nhiét do phan tng tir 120°C
lén 140°C, hiéu suat hinh thanh san pham 5-HMF giam dang ké (84,3% xudng
38,6%). Su suy giam nay co thé duoc giai thich boi sy gia ting nhiét d6 lam ting toc
d6 phan &ng, tuy nhién cac qué trinh chuyén héa 5-HMF thanh céc san pham phu
khac nhu acid levulinic ciing tang nhanh, 1am cho hiéu suat hinh thanh san pham 5-
HMF giam [120].

b) Anh hwong cia thoi gian phan ing
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Hinh 3.12. Anh huéng ciia thoi gian dén hiéu suét tao thanh 5-HMF trén xdc
tac SioW1

Anh huong cua thoi gian phan tng dén d6 chuyén hoa fructose thanh 5-HMF
trén hé chat xdc tac SisWi duoc thuc hién trong khoang thoi gian 1-4h, trong dung
méi DMSO, nhiét do phan tng 120°C. Anh huong cua thoi gian dén do chuyén hoa
fructose thanh 5-HMF trén hé chat xdc tac SigWi duoc trinh bay trong Hinh 3.12.
Hinh 3.12 cho thay thoi gian phan tng anh huong truc tiép dén qué trinh chuyén hoa
fructose thanh 5-HMF. Cu thé, khi tang thoi gian phan @ng tir 1h 18n 2h, hiéu suat
chuyén hoa fructose thanh 5-HMF ting tir 44,84% Ién 84,26%. Tuy nhién, khi ting
thoi gian phan tng tir 2h 18n 3h, 4h hiéu suat chuyén hda 5-HMF giam tir 84,26 xudng
78,18% va 76%. Su suy giam hiéu suat chuyén hoa fructose thanh 5-HMF khi ting
thoi gian phan tng c6 thé do 5-HMF duoc hinh thanh trong qué trinh phan ang tiép
tuc duoc thay phan véi lugng nudc mai tao thanh thanh acid levulinic (LA) va acid
formic (FA), do d6 hiéu suat 5-HMF giam dang ké [121].

¢) Anh hwéng cua nong dé fructose

Nong do ban dau cua cac chat tham gia phan tmg nhu néng d6 fructose ciing
anh hudéng dén hiéu suat hinh thanh 5-HMF. Thi nghiém danh gia anh huéng cua
nong d6 fructose duoc thuc hién trong diéu kién nong do fructose 2,5-15,0 %, nhiét
d6 phan @ng 120°C, trong dung mdi DMSO (Hinh 3.13). Nong d6 fructose ban dau
anh huong truc tiép dén do chuyén hoa fructose thanh san pham 5-HMF. Phan {ng
chuyén hoa fructose duoc thuc hién & cac ndng do fructose ban dau khac nhau (2,5
15,0 %) trén hé chat xc tac SigWi. Nong do fructose ban dau ting tir 2,5% dén 5%,
hiéu suat tao san pham 5-HMF ting nhe tir 83,66% dén 84,26%. Sau d6, khi nong do
fructose tiép tuc tang, hidu suat phan ing giam dan. Pang chu ¥ 1a nong do fructose
cao dan dén hiéu suat 5-HMF thap do téc d6 chuyén héa 5-HMF thanh humin cao
hon téc @ phan tng chuyén hda fructose thanh 5-HMF [122].
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Hinh 3.13. Anh hwéng ciia ndng dj fructose dén hiéu suat phan ing chuyén
hoa fructose thanh 5-HMF trén xdc tac SigW1

3.1.2.3. Pdnh gid d bén ciia chit xtic tac SisW1 trong chuyén héa fructose thanh
5-HMF

Chét xdc tac chi dugc coi 1a hiéu qua néu nd cé thé duoc tai ché va tai su dung.
Déi vai thyc té san xuat quy mo 16n 5-HMF tir duong, kha ning tai st dung cua chat
xuc tac dugc xem 1a mot van dé rat quan trong. Chat xuc tac c6 thé tai sir dung gidp
giam dang ké chi phi san xuat. Két qua cho thay sau 3 lan tai st dung hiéu suat tao
san pham HMF hau nhu khong thay doi nhiéu, trén 80% fructose chuyén héa thanh
5-HMF (Hinh 3.14). Biéu nay chiing té xdc tac SigW: tong hop duoc 12 loai xdc tac
c6 hiéu qua cao, bén vitng va khong bi thay d6i hoat tinh trong phan tng chuyén hoa.
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Hinh 3.14. Pd bén ciia chit xUc tac SisWi trong qué trinh chuyén hoa fructose
thanh 5-HMF
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3.2. Vit liéu xuc tac Ti-O-W
3.2.1. Céc két qua dic trung cia vt liéu Ti-O-W

3.2.1.1. Giin dé phan tich nhiét TGA ciia méu tién chdt vit ligu W-O-Ti

Nghién cizu nhiét trong luong (TGA) cho phép danh gia so bo dién bién cac
qua trinh hoa ly xay ra trong khi nung mot mau vat liéu nao dé. Hinh 3.15 gidi thiéu
duong TGA cua tién chat tong hop mau TisWs. Trén duong TGA c6 thé quan sat thay
3 viing giam khdi luong 60%, 10%, 5% tuong tng véi cac khoang nhiét do 60-180,
200-300 va 300-450°C. Sy mat khéi lugng & 60-180°C duoc gan cho qué trinh mat
nudc hap phu vat ly trén bé mat tién chat. Nhu vay c6 thé thiy lugng nudc van con
duoc giit lwong kha 16n trong tién chat. Sy mat 10% khéi luong tiép theo trong khoang
nhiét do 200-300 °C dugc gan cho qué trinh chay cac hop phan hitu co. Su mat khoang
5% khdi luong trong khoang nhiét d6 300-470°C dugc gan cho qua trinh phan hay
cac hop phan hitu co chua bi loai bé hoan toan trong qué trinh rira va qua trinh hinh
thanh pha oxide trong mau. Nhu vay, dé tao pha oxide TixWio-x, nhiét d6 nung duy
kién s& la 400 °C.

sSETARAN |Figure: Experiment: HoaNCS 9TiO2-1WO3 Crucible:PT 100 pl AtmosphereAir

Labsys TG 03/05/2020 Procedure: RT —>900C (10 C.min-1) (Zone 2) Mass (mg): 17.53
T T T T T T T T
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Hinh 3.15. Gian dd phan tich nhiét TGA cua tién chit vt liéu TieW:

3.2.1.2. Gidn d6 nhiéu xa tia X (XRD) ciia vit liéu Ti-O-W
Phuong phap nhidu xa tia X dugc sir dung dé xac dinh cau tr(ic pha cua vat
liéu TiO2, WO3 va Ti-O-W.
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Hinh 3.16. Gian @6 XRD ciia cac mau vt liéu WO3, TiO2 va Ti-O-W

Két qua XRD cuia cac mau TiOz, WO3 va Ti-O-W dugc trinh bay ¢ Hinh 3.16.
Trong Hinh 3.16, gian ¢6 XRD cua mau WO3 va TiiWs xuat hién cac pic dic trung
cho cau tric pha monoclinic caa WO3 ¢ goc 20 ~ 23,1; 26,4; 28,6; 33,4; 33,5; 41,3;
49,7 va 55,6° [112]. Gian d6 XRD cua cac mau WO3 va TitWs c6 cac pic rong dic
trung cua pha monoclinic WOj3 cho thay sy hién dién ciia cac tinh thé nano WOs trong
mau [67]. Gian dd XRD cua mau TiOzva TigWs quan sét thiy pha tinh thé anatase
cua TiO2v6i dinh pic & 20 ~ 25,3°, 37,5°, 48° va 55°[123]. Su xuat hién pha anatase
cua TiOz do qua trinh nung & nhiét 6 400°C, TiO, chwa chuyén pha vé pha rutile véi
pic dic trung & 20 ~ 27,2°[124]. Trén cac gian donhiéu xa XRD cuia cac oxit hdn hop
TixWio-x, cho thay su chéng chap cua céc cuc dai nhidu xa gitra hai pha WO3 va TiOg,
cuong do pic nhidu xa caa mdi pha ti 18 v6i ham luong caa no trong oxit. Diéu nay
cho thdy cac mau TisWs, TisWs va TizW3 ¢ d tinh thé rat kém hoic ¢ dang gan nhu
vo6 dinh hinh [125].

3.2.1.3. Phé hong ngoai FTIR ciia vit ligu Ti-O-W

Pé xac dinh céc lién két trong mau vat liéu WOs, TiO2 va Ti-O-W ching toi
da tién hanh phan tich ph6 hong ngoai FTIR. Két qua phan tich phd hong ngoai FTIR
cua cac mau vat ligu WOs, TiO2 va Ti-O-W duoc thé hién & Hinh 3.17.
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Hinh 3.17. Pho FTIR ciia cic miu vét liéu WO3, TiO; va Ti-O-W

Gian do FTIR Hinh 3.17, cac dao dong ¢ 3200-3600 cm™ duoc gan cho dao
dong cac nhom —OH do cac phan tir nuwdc bi hdp phu trén bé mat vat liéu [126]. Tan
s6 & 6 song 1626 cm™ 1a dao dong uén caa nhém —OH trong phan tir nudc [14]
[126]. Phé hong ngoai FTIR cia mau WOs cho cac cuc dai hap thu & cac sé song
931, 822, 764 cm dic trung cho cac dao dong cua lién két W-O [127]. Dao dong &
s6 song 500-800 cm? dic trung cho lién két Ti—O cua pha TiO2[125]. Phé FTIR cua
hdn hop oxide cho thdy su chong chap cua cac cuc dai hip thu caa cac dao dong cua
nhém W-O va Ti-O.

3.2.1.4. Anh hién vi di¢n tiv quét (SEM) va hién vi dién tie truyén qua (TEM) ciia
vdt liéu Ti-O-W

Hién vi dién tir quét (SEM) duogc st dung dé xac dinh hinh thai hoc cua vat
liu TiO2 va Ti-O-W. Anh SEM cua vat liéu TiO2 va Ti-O-W duoc binh bay ¢ Hinh
3.18.
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Hinh 3.18. Anh SEM caa vat liéu Ti-O-W
(A) TitWs, (B)TisW5, (C) TisWs, (D) Ti7Ws, va (E) TigW1

Két qua anh SEM cho thay céac vt liéu Ti-O-W c¢6 su két khdi véi hinh dang
co ban I hinh cau, kich thudc khong ddng nhat. C4 thé thay khi ting ham luong TiO,
trong mau, kich thuéc hat cua vat liéu Ti-O-W duong nhu ting 1én, cac hat co cum
tao khéi c6 kich thudc 16n hon.

Dé xac dinh cau trac hinh thai hoc vi té hon cua vat liéu Ti-O-W, chung toi da
nghién cau sir dung phuong phap hién vi dién ti truyén qua (TEM). Trong Hinh 3.19,
anh TEM ctia cac mau vat liéu TisWs va TisW1 c6 cac hat nano TiO2 va WOs hinh
cau, co kich thuge hat khoang 10 nm, cac hat kha dong déu.
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Hinh 3.19. Anh TEM ciia vt ligu Ti-O-W (A), (B) TisWs va (C), (D) TisW:

3.2.1.5. Pho SEM-EDX ciia vit ligu Ti-O-W
Nham muc dich gép phan xac dinh thém hinh thai bé mat va phan tich nguyén
t6 cua cac mau vat liéu Ti-O-W, chiing toi da tién hanh ghi pho SEM-EDX ctia TigWi.

Két qua phan tich nguyén té dugc trinh bay trén hinh 3.20 va Bang 3.3.
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Hinh 3.20. Phé SEM- EDX miu TigW;

Bang 3.3. Thanh phin miu xic tac TigW;

Thanh phan Khoi lugng (%) | Nguyén tir (%)
O 26.44 60.83
Ti 46.46 35.73
W 17.18 3.44
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Bang 3.3. chi ra thanh phan nguyén td, thanh phan phan tram vé khdi leong
va thanh phan phan tram vé sé nguyén tir trong hop chat. Ti & s6 nguyén ti Ti/W
bang 35.73/3.44, tirc 12 x4p xi bang ti 1& 9 /1 cho thay chat xac tac SigW: da dugc tong
hop duang ti 1.

Hinh anh SEM - mapping cua TisW: dudi day (Hinh 3.21) mét 1an nira cho
thay su phan tan déu cac nguyén ta Ti, W va O trén bé mat vat liéu. Trén hinh 3.21
cho thay rd cac nguyén ta Ti, W, O lan luot c6 mau xanh nhat, do, xanh thAm phan
bd déu trén bé mat vat liéu.

EDS Layered Image 4
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Hinh 3.21. Anh SEM-mapping ciia vat liéu Ti-O-W
3.2.1.6. Pdng nhiét hip phu-gidi hdp phu N ciia vit liéu Ti-O-W
Puong dang nhiét hap phu giai hip phu N2 va duong phan bé kich thudc 16
cua vat liéu Ti-O-W duoc trinh bay ¢ Hinh 3.22. Nhu duoc trinh bay trong Hinh 3.22,
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duong dang nhiét hap phu N2 cuia mau W-O-Ti thudc loai 1V, phan loai theo IUPAC
[115]. Cac dudng dang nhiét hap phu-giai hap phu N2 & ti 18 4p suét twong ddi P/Po
0.45- 1 hién thi mot vong tré 16n thudng duoc quan sat doi véi vat liu mao quan
trung binh [115]. Dién tich bé mat riéng (Seer), thé tich mao quan (Vmao quan) va dudng
phan b 16 xdp cta cac mau Ti-O-W lan luot 148 m?/g, 0,144 cm®/g va 3,90 nm. Nhu
vay, Ti-O-W c6 dién tich bé mit cao, diéu nay cd thé duoc giai thich boi chat ran thu
duogc trong qué trinh tong hop dugc nung trong khong khi & 400°C trong 5h, véi toc
d6 gia nhiét thap, do d6 cau triic xop cua vat liéu khdng bi pha huay.
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Hinh 3.22. Pwong ding nhiét hip phu-giai hap phu N, caa vat liéu TigW:

Két qua nay ciing dugc nhdm tac gia Wetchakun va Phanichphant [124] béo céo rang
khi ting nhiét ¢6 nung, dién tich bé mat vat liéu giam dang ké, cu thé khi ting nhiét
d6 nung tir 400°C 1én 600°C, dién tich bé mat giam tir 121 m?/g xudng 17 m¥g. Vat
lieu TiO2 téng hop trong nghién cau c6 dién tich bé mat kha thap, 45 m?/g va duong
kinh mao quan trung binh 3,64 nm, thé tich 16 xp 0,057 cm3/g. Nhu vay, viéc dua
pha WOy va ciu tric TiOz trong miu di l1am ting 1én dang ké cac thong sé dién tich
bé mat, thé tich 16 x6p cua vat liéu. Biéu nay 1a rat thuan loi cho viéc ting sb luong
tam hoat tinh trén bé mat xdc tac.
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3.2.1.7. Gidn do TPD-NH; ciia vit liéu W03 va Ti-O-W
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Hinh 3.23. Gian @6 TPD-NHj3 ciia cac vat liéu WO;3 va TigWi

Tinh chét acid trén bé mat 1a mot trong nhitng yéu t chinh anh huéng dén
hiéu qua chuyén hoa fructose thanh 5-HMF. Buong giai hdp phu TPD-NH; cia mau
WO3va TigW: duoc trinh bay trong Hinh 3.23. Gian d6 TPD-NHs duoc ghi lai & nhiét
d6 50-600°C. Trong Hinh 3.23, gian 6 TPD-NH3 ciia cac mau WO3 va TigWi cO Cac
dinh giai hap NH; c6 tam ¢ 150 -300°C duoc cho 1a do NH3 hoic NH4* hap phu yéu
trén bé mat chat xuc tac, NHs dugc khir hip phu & nhiét ¢6 300-500°C 1a do NHs
duoc lién két trung binh vai chat xuc tac va va cac tam c6 tinh acid manh véi nhiét
d6 giai hap trén 500°C. Nhu vay, chat xic tac TisWi c6 luong chi yéu 1a cac tam acid
yéu va trung binh chu yéu .

Dung luong giai hap phu NHsz cia mau WO; tuong (ng véi acid yéu, trung
binh va manh lan luot 0,131; 0,169 va 0,008 mmol NHa/g. Tuong tu, dung luong giai
hap phu NH3 cia mau TisW1 tuong @ng véi acid yéu, trung binh va manh lan luot
0,303; 0,217 va 0,059 mmol NHs/g. Nhu vay, vat liéu TigW1 cho théy dung luong
giai hap phu NHs cao hon dang ké so v&i mau WOs. Su hién dién cta cac cum
WOs3 phan tan tét trén TiO2 tao ra sé lugng cao hon céc tam acid tir yéu-trung binh
dén manh [67]. Két qua nay cho thay rang viéc dwa WO3 vao cau tric TiO dan dén
su gia tang dang ké nong do cua cac tam acid, dai lugng chia khda gop phan cai thién
hoat tinh cua chat xuc tac.
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Bang 3.4. Lwong NHz gidi hip ¢ cAc nhiét dd khac nhau ciia cic miu WOs va

WOs-TiO; (TisWhs)

Vatliéu | Seer | Visxép | Dsin Luong NH3 (mmol/gxc tac)
(m?g) | (cm*g) | (nm) | Acidyéu | Acid Acid Tong
(150- trung manh luong
300°C) binh (>500°C) | tdm acid
(300-
500 °C)
WOs3 25,5 0,170 | 30,50 0,131 0,169 0,008 0,308
TigW: | 148,4 | 0,144 3,89 0,303 0,217 0,059 0,579

3.2.1.8. Phé XPS ciia méu vit liéu Ti-O-W
Théng tin vé hoa tri cac nguyén té & bé mat caa vat lieu TisW1 dugc phan tich
bai phd XPS.
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Hinh 3.24. Pho XPS ciia Ols (A); Ti2p (B) va WA4f (C) ciia miu TisW;

Trong Hinh 3.24 giéi thiéu phd quét toan bo mau va phd phan giai cao WAf
(38 eV), Ti2p (460 eV), va O1s (533 eV). Trong hinh 3.24A, phé O1s caa vat liéu
Ti-O-W xuat hién hai cuong do dinh cuc dai & cac niang luong lién két 530,35 eV va
531,42 eV ¢6 thé duoc gan cho Oxi & céc lién két M-O (Ti-O va W-0) va lién két Oz
bi hap phu trén bé mat chat xdc tac. Pho do phan giai cao caa Ti2p (Hinh 3.24B) cho
thay cac tin hiéu ¢ 459,08 eV va 464,74 eV lién quan dén Ti2p [128]. Twong tu, pho
d6 phan giai cao ciia WA cua vat lieu W-O-Ti (Hinh 3.24C) cho thay cac tin hiéu ¢
35,74: 37,82 eV lién quan dén WA4fy, va 4fspdic trung cho We* va céc tin hiéu &
34,75; 36,70 eV dic trung cho W, Su xuat hién dong thoi caa ca W8* va W5 cho
thay sy cling ton tai cua céc vi tri tam acid Lewis va Bronsted, pht hop véi dé xuat
cau tric cua Gregorio [96].
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3.2.2. Panh gia hoat tinh ciia chit xic tac Ti-O-W
3.2.2.1. Pdnh gia hiéu sudt chuyén hba ciia chat xuc tac Ti-O-W

Dé danh gia hiéu qua cua cac chat xic tac Ti-O-W, phan tng chuyén hoa
fructose thanh 5-HMF duoc tién hanh & diéu kién nhiét do phan tng 120°C, thai gian
phan tng 2 h, trong dung moi DMSO.
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Hinh 3.25. Anh hwéng caa ty 1é W:Ti trong chat xuc tac Ti-O-W dén hiéu suat
hinh thanh san pham 5-HMF

Anh huéng ciia ham lugng W (hay ti 18 mol W:Ti) trong x(c tac Ti-O-W dén
hiéu suat chuyén hoa fructose thanh san pham 5-HMF duoc trinh bay & Hinh 3.25.
Trong Hinh 3.25, nhan thay khi khong st dung chét xdc tac, fructose chuyén hoa
thanh 5-HMF véi hiéu suat 37% khi thuc hién phan ¢ng ¢ nhiét d6 120°C. Mau vat
lieu WOs3, TiO, da chuyén hoa Frutose thanh 5-HMF vai hiéu suat chuyén hda kha
cao dat lan luot 58,1% va 74,1%. Trong Hinh 3.25 c6 thé nhan ra rang khi giam ham
lugng WOs trén chat mang TiO2 hiéu suat san pham 5-HMF ting rd rét. Cu thé, hiéu
suat san pham 5-HMF dat 70,6; 70,6; 75,6; 82,7 va 84,0% tuong (ng véi cadc mau
xUc tac TitWe, TisW+, TisWs, Ti?Ws va TisW1. Didu dac biét, cac chat chat xdc tac
TizWs3 va TigW1 hiéu suit chuyén héa Fructose thanh 5-HMF cao hon dang ké so voi
c4c chat xuc tac Ti-O-W con lai va chét x(c tac TiO, va WOs riéng 1é. Biéu nay c6
thé duoc giai thich boi khi dwa pha WOs3 Ién trén chat mang TiO2 di lam tang dién
tich bé mat, thé tich mao quan cua vat liéu, do d6 lam tang dién tich tiép xUc gitra
chat xtc tac va fructose [1]. Ngoai ra, mot lwong nhd WO3 phan tan — twong tac tét
trén nén oxit TiO, di ting luong tAm acid nhu di thay ¢ két qua TPD-NHs, 0,579
mmol NHa/g véi TisWi va 0,308 mmolNHas/g véi WOs. Cong huéng cac tham sb
hinh théi va tinh chat acid bé mat nay da lam ting hiéu suit chuyén héa fructose thanh
5-HMF. Tur két qua thu duoc, xuc tac TigWi duoc lua chon cho cac nghién ctu tiép
theo.
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3.2.2.2. Pdnh gid cdc yéu té anh hwéng dén hiéu suit chuyén héa fructose thanh
5-HMF trén xdc tac TigW;
a) Anh hirong cua thoi gian phan ing

Anh huong cua thoi gian phan tng dén d6 chuyén hoa fructose thanh 5-HMF
trén hé chat xtc tac TioW: dugc thuc hién trong khoang thoi gian 1-4h, trong dung
moi DMSO, nhiét @6 phan tng 120°C.
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Hinh 3.26. Anh huwéng ciia thoi gian dén hiéu suat tao thanh 5-HMF trén chat
xuc tac TigW1

Anh huong cua thoi gian dén d6 chuyén hda fructose thanh 5-HMF trén chat
xuc tac TisW1 duoc trinh bay trong Hinh 3.26. Hinh 3.26 cho thay thoi gian phan tng
anh huang truc tiép dén qua trinh chuyén hoa fructose thanh 5-HMF. Cu thé, d6i voi
mau TisW1 khi ting thoi gian phan &ng tir 1h 1én 2h, hiéu suat chuyén hda fructose
thanh 5-HMF tang tir 49,4% |én 84%. Tuy nhién, khi tang thoi gian phan (ng tr 2h
Ién 3h va 4h, hiéu suat chuyén hoa 5-HMF giam tir 84 xudng 77,9% va khi ting tiép
thoi gian 18n 4h thi hiéu suét dat 77,0%. Sy suy giam hiéu suat chuyén hoa fructose
thanh 5-HMF khi ting thoi gian phan ung c6 thé do 5-HMF dugc hinh thanh trong
qua trinh phan @ng tiép tuc dugc thay phan thanh acid levulinic (LA) va acid formic
(FA), nhu di dugc néu & cac nghién ctru truedc, do d6 hiéu suat tao 5-HMF giam dang
ké [121].

b) Anh hwéng cia nhiét dé phan ing

Anh huong cua nhiét 6 dén hiéu suat chuyén hoa fructose thanh 5-HMF duoc
trinh bay trong Hinh 3.27. Chat xuc tac TisW: dugc sir dung lam chit xac tac dé
chuyén hoa fructose thanh 5-HMF.
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Hinh 3.27. Anh huéng ciia nhiét dd téi hiéu suit tao 5-HMF trén xdc tac TigWi

Trong Hinh 3.27, nhiét do phan ung anh hudng dén qué trinh chuyén hoa
fructose thanh 5-HMF, cu thé khi phan tmg dugc thuc hién & 100°C, téc d6 hinh
thanh 5-HMF kha cham véi hiéu suat san pham 5-HMF dat 25,2% sau 2h phan Gng.
Diéu nay c6 thé do qua trinh khtr nude cua fructose thanh 5-HMF [a phan ang thu
nhiét, do d6 nhiét 6 cao co loi vé nhiét dong hoc cho phan tng chuyén héa fructose
thanh 5-HMF [119]. Do d6, khi tang nhiét 6 phan tng tir 100°C Ién 120°C, hiéu suét
san pham 5-HMF tang tir 25,2 1én 84,0%. Nhu vay, & nhiét do 120°C, c6 loi cho qué
trinh chuyén hoa fructose thanh 5-HMF. Khi ting téc do phan Gng tir 120°C 1én
140°C, hiéu suat hinh thanh san pham 5-HMF ting khong dang ké.

¢) Anh hwéng cua nong dé fructose

100

éu suat HMF (%)
N D [e5]
< < <

Hié
S

25 5 10 15
Nong dd Fructose (wt%)

Hinh 3.28. Anh huwéng ciia nong dd fructose dén hiéu suit tao 5-HMF trén xuc
tac TigWi.
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Nong d6 ban dau ciia cac chat tham gia phan ing nhu nong do fructose ciing
anh hudong dén hiéu suat hinh thanh 5-HMF. Thi nghiém danh gid anh huéng caa
ndng d6 fructose duoc thuc hién trong diéu kién ndng do fructose 2,5-15%, nhiét do
phan &ng 120°C, trong dung méi DMSO. Trong Hinh 3.28, nong do fructose ban dau
tang tir 2,5% dén 5%, hiéu suat tao san pham 5-HMF ting tir 45% dén 84%. Sau do,
khi ndng do fructose tiép tuc tang, hiéu suat 5-HMF giam dan. Pang cha ¥ 1a nong
d6 fructose cao dan dén do chon loc 5-HMF thap do tdc d6 chuyén héa 5-HMF thanh
humin cao hon phan @ng chuyén hoa fructose thanh 5-HMF [122].

3.2.2.3. Pdnh gid dé bén ciia chit xiic tic TioW1
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Tai sinh xuc tac TigW,

Hinh 3.29. P§ bén ciia chit xic tac TisW1 trong qua trinh chuyén héa fructose
thanh 5-HMF
Chat xdc tac TigW ciing duoc danh gia vé kha nang tai sir dung. Két qua cho
thay sau 3 lan tai sir dung, do chuyén héa hau nhu khong thay doi nhiéu, trén 78%
fructose chuyén héa thanh 5-HMF (Hinh 3.29). Biéu nay chitng to x(c tac TisW1 tong
hop duoc la loai x(c tac ¢d hiéu qua cao, bén viing va khong bi thay d6i hoat tinh
trong phan ng chuyén hoa

3.3. Vit ligu xtic tdc Zr-O-W
3.3.1. Két qua diic trung caa vt ligu Zr-O-W

3.3.1.1. Gidn dé phan tich nhiét TGA ciia vit liéu Zr-O-W
Dé danh gia so bd kha ning tao thanh céc pha trong oxide Zr-O-W, dudng
TGA d3 duoc do trén tién chat caa mau xAc tac ZrsWh.
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Hinh 3.30 c6 thé thdy c6 ba giai doan mat khdi lwong cua tién chat 1a 8,9 %,
41,2 %, 5,6 % tuong wng véi cac khoang nhiét @6 60-180°C, 200- 300°C va 380-
550°C. Khoang mat khéi luong & 60-180°C twong @ng véi qué trinh mat nude bi hap
phu vt ly trén bé mat tién chat. Sy mét khéi lwong téi 41,2 % trong khoang nhiét do
200-300°C duoc gan cho qué trinh chay cac hop phan hitu co trong mau. Do mat khéi
lwong khoang 5,2 % c6 thé (g voi qué trinh phan hay legng nho carbonat méi tao
thanh trén bé mat xdc tac. Nhu vay, dé tao pha oxide Zr-O-W, nhiét ¢6 nung téi thiéu
du kién 1a 400°C.

3.3.1.2. Két qua ddc trung nhiéu xa tia X (XRD) ciia vit ligu ZrOz, WO3 va Zr-O-
W

Dé xac dinh cau tric pha cua vat liéu ZrOz, WO3 va Zr-O-W nghién ctru sir
dung phuong phép nhiéu xa tia X (XRD). Két qua XRD cuia cac mau ZrO,, WOs3 va
Zr-O-W dugc trinh bay ¢ Hinh 3.31.
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Hinh 3.31. Gian @6 XRD goc hep (A) va goc rong (B) ciia cac miu vit lidu
WOQOs, ZrOz va Zr-O-W

Trong Hinh 3.31A, gian ¢ XRD goc hep cta cac mau vat liéu ZrsWs, Zr\Ws, ZrgWi,
ZrO2 xuat hién mot pic & goc 20 ~ 1,2° dic trung cua vat lieu xdp, ¢6 cau tric mao
quan trung binh. Nhu vay, viéc str dung chat hoat dong bé mat P123 trong qué trinh
t6ng hop da tao ra vat liéu cau tric x6p, mao quan trung binh. Gian ¢6 XRD géc rong
(Hinh 3.31B) cua vat liéu ZrO, xuat hién céc pic & goc 20 ~ 30,2; 49,8 va 60,0° dic
trung cho pha tetragonal ctia oxide ZrO, [116]. Biéu nay cho thay viéc nung zirconia-
vonfram dan dén sy hinh pha tetragonal ctia ZrO2 chiém uu thé cao hon so véi pha
monoclinic [129]. Vat liéu WO3 cho thay xuat hién cac pic dic trung cho cu tric pha
monoclinic cua WO3 ¢ goc 20 ~ 23,1; 26,4; 28,6; 33,4; 33,5; 41,3; 49,7 va 55,6°[112].
Ngoai ra, gian d6 XRD cua oxide hdn hop ZrOz va WOs (ZrsW+, ZrsWs, Zr;Ws)
khong thay su xuét hién caa cac pic dic trung cho pha tetragonal ciia oxide ZrO va
pha monoclinic cia WO3. Biéu nay c6 thé do cac oxide hon hop ZrkWiox (x: 3,5,7,9)
t6n tai dudi dang vi tinh thé va ciu trac vo dinh hinh [58][116]. Piéu nay gop phan
chang minh rang phuong phap sol-gel da tao ra sy phan tan tot WOs trong oxit hon
hop Zr-O-W.

3.3.1.3. Phé hong ngogi FT-IR ciia vit ligu Zr-O-W

Dé xac dinh cac lién két hoa hoc trong cac mau vat liéu ZrOz, WO3 va Zr-O-
W nghién ciru sir dung phuong phap phd hong ngoai FT-IR. Két qua phan tich phd
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hong ngoai FT-IR caa cac mau vat liéu ZrO,, WO3 va Zr-O-W duoc trinh bay trong
Hinh 3.32.
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Hinh 3.32. Phé FTIR ciia cAc mau vat liéu ZrOz, WO3 va Zr-O-W

Trong gian b FTIR Hinh 3.32, cac dao dong ¢ s6 song 3200-3600 cm™ dugc
gan cho dao dong cua cac nhom —OH, do cac phan tir nude bi hdp phu trén bé mat
vat liéu [126]. Pho FTIR cua mau ZrO; ¢6 cuc dai hap thu ¢ ving s6 séng 400 — 800
cm™ &ng véi dao dong cua lién két Zr—O [130]. Phé hong ngoai FTIR caa mau WOz
c6 cuc dai hap thu & céac sé song 931, 822 va 764 cm™ dic trung cho cac dao dong
W-O [127]. Phd FT-IR cua oxit hdn hop cho thdy su chdng chap cua céc cuc dai hap
thu cua céac lién két Zr—O va WO trong mau.

3.3.1.4. Anh hién vi dién tir quét (SEM) va hién vi dién tir truyén qua (TEM) ciia
vt ligu Zr-O-W

Hién vi dién tir quét (SEM) duoc sir dung dé xac dinh hinh thai hoc cua céc
mau vat liéu ZrOz, WO3 va Zr-O-W. Anh SEM cua vat liéu dugc binh bay trong Hinh
3.33.
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Hinh 3.33. Anh SEM ciia cac vét liéu ZrOz, WO3 va Zr-O-W
(A) Zr1Wo, (B) Zr3\W7, (C) Zrs\Ws, (D) Zr71\Ws, (E) ZrgW1, va (F) ZrO;

Trong Hinh 3.33, anh SEM cua vat liéu ZrO, ¢é dang hinh cau, cac hat c6 kich
thude khong déng nhat, cac hat co xu hudng co cum lai voi nhau thanh céc hat c6
kich thuéc 16n hon. Anh SEM cua cac mau vat liéu Zr-O-W c6 céc hat véi hinh dang
va kich thuéc khong dong nhat. Bang thoi c6 thé nhan thiy véi cac mau vat liéu Zr-
W-O, khi ting ham luong ZrO,, d6 két khéi khong dong déu cua vat liéu ting 1én.

Anh TEM cua vat liéu ZrsWs va ZrsW1 duoc binh bay trong Hinh 3.34. Trong
Hinh 3.34, anh TEM cua vat liéu Zr-O-W cho thiy cac hat c6 dang hinh cau, duong
kinh nho (5-10 nm) va kha dong nhét.
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Hinh 3.34. Anh TEM ciia cac miu vit liéu Zr-O-W
(A), (B) ZrsWs va (C), (D) ZroW:

Pé khao sat hinh dang va hinh thai ton tai ciia pha tinh thé trong oxit Zr-O-W,
anh HRTEM va STEM-HAADF di duoc chyp cho chat xtc tdc ZreWs (Hinh 3.35).
Hinh anh HRTEM cho thay chat xUc tac ZreW: dugc hinh thanh tir su két tu cua céc
hat nano hinh cau cé kich thuéc duong kinh tir khoang 5 dén 10 nm. Két qua nay
duong nhu phi hop véi gian 6 XRD goc rong cua mau khi két qua cho thay mau c6
d6 tinh thé kém cua pha tir dién ZrO. Pé 1am rd hon ciu tric vi té bé miat cua chat
xuc tac, anh STEM-HAADF ciing dugc thyc hién (Hinh 3.35 C, D). Nguoi ta nhan
thdy rang c6 cac cham sang hoic viing sang ¢ kich thuéc nano trén bé mat mau, trong
rng v6i monotungsate va nanocluster WO lién két véi chat mang ZrO; théng qua
lien két cau oxy. Trong anh STEM-HAADF, céc diém sang cd dudng kinh da dang
tur khoang khoang 1 nm, twong rng véi cac kich thudc khac nhau ctia cum nanocluster
WOx.

Ngoai ra, nhiéu khu vuc sang co kich thuéce nano quan sat duoc duoc xem la
cac cum hat hay polytungstate WOx. Hinh anh STEM — mapping (Hinh 3.35 E, F, G,
H) cho thay nguyén t6 W dugc phan bé dong nhat trén bé mat chat xuc tac. Két qua
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nay cho thay vu diém ciia phuong phéap sol-gel trong nghién cizu: cho phép phan tan
va bén hoa téi da cac nanocluster WOy, tranh duoc xu thé tao cac dang hat hoic
polytungstate WOx, 1a cac cau tric 1am giam sé lwong tam xUc tac trong cac chat xuc
tac trén co s6 WOx.

(A) (B)

(©) (D)

(E)




(©) (H)
Hinh 3.35. Anh HRTEM (A, B), STEM-HAADF (C,D) va STEM-MAPPING
(E, F, G, H) ctia miu vt li¢u ZrsW,

3.3.1.5. Phé SEM-EDS ciia vit liéu Zr-O-W
Cac mau vat lidu Zr-O-W ciing dugc phan tich thanh phan nguyén t bang
phuong phap SEM-EDS. Hinh 3.36 trinh bay két qua EDS ctua mau vat liéu ZrsWs.

Hinh 3.36. Pho SEM-EDS ciia vit liéu ZrsWs

Phé SEM-EDS cho thiy cac pic ¢ cac muc ning luong 1,8 keV dic trung cho
nguyén té W va pic ¢ ning luong 2,2 keV dic trung cua nguyén t Zr. Két qua phan
tich thanh phan nguyén t6 cho phép danh gia ti 16 mol cua Zr/W trong cac mau vat
lieu va két qua duoc trinh bay trong Bang 3.5. Bang 3.5 cho thay c6 su khac biét
khong nhiéu vé ti 1é mol Zr/W giita tinh toan Iy thuyét va két qua do thuc nghiém
bang phuong phap SEM-EDS.
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Bang 3.5. Ti 1€ mol Zr/W cua cac vat liéu Zr-O-W

Mau Tilé Zr/W (ly thuyét) | Ty 1é Zr/W (thuc nghiém)
ZrsWs 1,00 1,00
ZrsWy 0,49 0,43
Zr1\Wo 0,08 0,11

3.3.1.6. Ping nhiét hip phu-gidi hdp phu N: ciia vit liéu Zr-O-W

Puong dang nhiét hap phu giai hap phu N2 va duong phan bé kich thuéc

16 cta vat liéu ZrO, va Zr-O-W duoc trinh bay & Hinh 3.37.
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Hinh 3.37. (A) Puong dang nhiét hap phu-giai hip phu N va (B) dwong phén
(@) WOs, (b) Zr1Wo, (c) ZrsWv, (d) ZrsWs, (e) Zr:Ws, (f) ZreW4, va (g) ZrO2

Nhu duoc trinh bay trong Hinh 3.37, duong dang nhiét hap phu N, cta
mau ZrO, va ZrsWithudc loai IV, phan loai theo IUPAC [115]. Cac dudng dang
nhiét hap phu-giai hip phu N & ty 1& 4p suat twong ddi P/P, 0.45-1 hién thi mot
vong tré 16n thuong dugce quan sat dbi voi vat lidu mao quan trung binh [115].
Dién tich bé mit riéng (Sger), thé tich mao quan (Vpore) va dudng phan bb 15
x6p cuia cac mau ZrO,, WO3va Zr-O-W dugc thé hién ¢ Bang 3.6. Trong Bang
3.6, vat lidu ZrO, c6 dién tich bé mat 40,3 m?/g, thé tich 15 xop 0,08 cm3/g va

L]
5 10 15 20 25 30 35
Ban kinh (nm)

b6 mao quan cia vt liéu ZrO,, WO3 va Zr-O-W
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duong kinh trung binh 156 xp 4,88 nm. Vit liéu WO; c6 dién tich bé mat 25,5
m?/g; mau ZroW: c6 dién tich bé mit cao nhét, 106,4 cm¥g, thé tich 15 xbp
0,137 cm®/g va dudng kinh 16 Xép 5,20 nm. Nhu vay, di¢n tich bé mit cia miu
ZrsWs cao hon cac mau vt liéu ZrO; va WOs riéng 16, két qua nay ciing duoc
Dalibor Kaucky va cong su bao céo [129]. Quan sat két qua thu dugc trén bang
tong hop co thé thiy khi ham luong W trong oxit hdn hop Zr-O-W giam thi
dién tich bé mat riéng ting va dat gia tri cuc dai tai Sger = 106 m? ddi véi ZroWh.
N6 dudng nhu phi hop véi trang thai do tinh thé kém caa oxit hdn hop. Su thay
ddi nay co thé duoc giai thich 1a do su ¢6 mat ctia pha ZrO; ngédn chan su phéat

trién 16n hon ctia cac mam tinh thé WO; [99].

Bang 3.6. Cac thong s6 héa Iy ciia vt liéu ZrOz, WO;3 va Zr-O-W.

SBET D15 xép VLé xép

STT Vit liéu (m?/g) (nm) (cm®/g)
1 WOs3 25,5 30,5 0,17
2 Zr1Wo 61,7 7,04 0,18
3 ZrsWy 51,4 6,08 0,1
4 Zrs\Ws 98,2 4,88 0,08
5 Zr7\W3 94,4 3,78 0,19
6 ZroWy 106,4 5,20 0,14
7 YA(OF! 40,3 4,88 0,08

3.3.1.7. Gidn do TPD-NH; ciia vit liéu WO3va Zr-O-W

Tinh chat acid trén bé mat 14 mot trong nhitng yéu té quan trong anh huéng
dén hiéu qua chuyén hda fructose thanh 5-HMF. Pudong giai hap phu TPD-NH; cua
cac mau vat liéu WO3 va Zr-O-W dugc trinh bay trong Hinh 3.38. Gian d6 TPD-NH3
duoc ghi lai ¢ nhiét @6 50-600°C.
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Hinh 3.38. Gian @0 TPD-NHjs ciia vt liéu WO3va Zr-O-W

Trong Hinh 3.38, cac dinh giai hap NH3 c6 tam & dudi 300°C duoc cho 13 tng
Vi vi tri tam acid yéu, tir 300-500°C rng véi tam acid trung binh va trén 500°C {ing
v6i tm acid manh [131][132]. Ngoai ra, cac tm acid yéu va trung binh ¢ thé tuong
quan véi dang tam acid Bronsted, trong khi cac tdm acid Lewis twong ng véi tam
acid manh [133]. Trong nghién ciru nay, ca ba loai tdm acid dugc quan sét thay trén
WOs3, ZroWs va ZrO,. Bic biét & mau ZroWs xuat hién rd nét dinh giai hap mai o
khoang 380°C dugc gan cho kiéu tam acid trung binh méi. Loai tam acid méi nay
dudng nhu nam trén cac cum nano-cluster WOx xuét hién nhiéu trén bé mit chat xdc
tac nhu dugc quan séat bai hinh anh STEM-HAADF da thao luan phia trén.

Bang 3.7. Lwong NH; giai hap ¢ cac nhiét dd khac nhau ciia WO3 va ZroWi

Lwong NHz (mmol/gxac tac)
Vit liéu Acid yéu Acid trung binh Acid manh Tong lwong
(150-300°C) (300-500 °C) (>500 °C) Tam acid
WOs3 0,131 0,169 0,008 0.308
ZroWy 0,333 0,401 0,035 0.769

Trong Bang 3.7 trinh bay lugng NH3 giai hip phu ¢ cac nhiét d¢6 khéac nhau
ctia cac mau WOs, ZreWs va ZrO,. Trong Bang 3.7, dung luong giai hap phu NHs
cua mau WOs3 twong ung véi acid yéu, trung binh va manh lan luot 0,131; 0,169 va
0,008 mmol NHas/g. Tuong tu, dung luong giai hip phu NHs cia mau ZroW: tuong
ng vai acid yéu, trung binh, manh lan luot 14 0,333; 0,401 va 0,035 mmol NHa/g.
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Nhu vay, vat liéu ZrsWs cho thiy dung lugng giai hap phu NH3 cao hon déng ké so
véi mau WOs. Sy hién dién cuaa cac cum nanocluster WO3 phan tan tét trén nén ZrO:
tao ra s6 lwong cao hon tam acid [67]. Két qua nay cho thay kha ning hoat tinh duoc
cai thién trén xc tac oxit hon hop Zr-O-W [117].

3.3.1.8. Két qud phdn tich pho XPS ciia vit ligu Zr-O-W

Pé danh gia trang thai oxy hoa cua cac nguyén tb trén bé mat chat xdc tac, mot
trong nhirng yéu té chinh anh huéng dén hoat tinh xtc tac, phép do phd XPS duoc
thuc hién trén mau chat xuc tac ZroWi. Pho O1s (A) cho thiy céc cuc dai ¢ ning
luong lién két 530.,4, 531,6 eV, tuong (g vai obitan O1s trong lién két Zr-O, W-O
va cua nhom OH. Ddi vai phd Zr3d (B), cac dinh ¢ 182,6, 185,1 eV duoc quy cho
cac obitan Zr** 3das2, Zr** 3ds/2[100][134].

Cwong do (a.u)
Cwérng do (a.u)
Cwong do (a.u)

T \A\ T T T T
42 40 38 36 34 32 30 28 26
Nang lwong lién két (eV)

(A) (B) (©)
Hinh 3.39. Phé XPS ciia Ols (A); Zr3d (B) va W4f (C) ctia miu ZrsWi.

526 528 530 532 534 536 538 184 1 1
Niing Iwgng lién két (eV) Nang luong lién két (eV)

Phé WA4f (C) cho thdy bén cuc dai ¢ 35,8; 35,94; 37,75 va 38,31 eV. Trong
d6, cac cuc dai o niang luong lién két 35,94, 38,31 eV ung vai cac obitan WE*4fy),,
W8*4fs, va 35,8;37,75 eV ang Vi cac obitan W5*4fz,, W*4fs2 [135][100]. Pidu do
cho thdy sy clng ton tai cua c4c vi tri acid Lewis va Bronsted, twong &ng véi cac
trang thai oxy hoa We* va W**, phli hop vai dé xuat cau tric cua Gregorio [96].

3.3.2. Panh gia hoat tinh ciia hé chat xiic tac Zr-O-W
3.3.2.1. Pdnh gid hiéu suit chuyén héa ciia hé chit xiic tic Zr-O-W

Dé danh gia hiéu suat chuyén hoa fructose thanh 5-HMF cua hé chat xdc tac
Zr-O-W, phan ung di duoc tién hanh diéu kién nhiét do phan tng 120°C, thoi gian
phan tng 2 h, trong dung moéi DMSO.
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Hinh 3.40. Anh hwéng ciia ty 1& Zr/W trong chit xic tic Zr-O-W dén hiéu suat
san pham 5-HMF

Anh huong cua ty 1 chat xdc tac Zr-O-Wdén hiéu suat chuyén hoa fructose
thanh san pham 5-HMF duoc trinh bay ¢ Hinh 3.40. Trong Hinh 3.40, nhan thay khi
khdng str dung chat xdc tac, fructose chuyén hoa thanh 5-HMF véi hiéu suat 37% khi
thue hién phan ng ¢ nhiét do 120°C. Mau vat liéu WOs, ZrO2 da chuyén hoa Frutose
thanh 5-HMF v&i hiéu suat chuyén hoa kha cao dat lan luot 58,1% va 78%. Trong
Hinh 3.40 c6 thé nhan ra rang khi giam ham lwong WOs trén chat mang ZrO: hiéu
suit san pham 5-HMF ting rd rét. Cu thé, hiéu suat san pham 5-HMF dat 72,5; 74;
73,3; 92,4 va 95,8% tuong (rng V&i cAc mau XUc tac ZriWs, ZrsW+, ZrsWs, Zr7Ws va
ZrsWi. Didu dic biét, cac chat chat xdc tc Zr;Ws va ZreWicho hiéu suit chuyén hoa
fructose thanh 5-HMF cao hon rd rét so véi chat x(c tac Zr-O-W khéac va vai ZrOs
va WO riéng lé. Diéu nay c6 thé duoc giai thich bai khi dwa pha WO3 Ién trén chat
mang ZrO, d3 1am tang dién tich bé mat, thé tich mao quan cua vat liéu (Bang 3.6),
do d6 1am tang dién tich tiép xdc gitra chat xtc tac va fructose [1]. Ngoai ra, két qua
TPD-NHs & trén ciing chi rd sy ting rd rét lwong tdm xuc tac & oxit hon hgp nhur oxit
ZrgW1 (0,769 mmol NHs/g) so vai WO3 (0,308 mmolNHa/g) va ZrO,. Hon nira, dang
t dién ZrO2 lién két véi cau trdc bat dién [WOs] c6 thé tao ra cac khuyét tat dan dén
tang sb luong tam acid Bronsted [136]. Trong nghién cau cua Yjiang Jiang va cong
su [83] da nghién ciru chuyén héa glucose thanh 5-HMF trén co s& chat x(c tac
WO3/ZrO2 duge diéu ché tir Zr(OH)s. Chat x(c tdc ZrO2 nung ¢ 300°C da chuyén hoa
glucose thanh 37% san pham 5-HMF. Tir cac két qua trén, c6 thé thay sy két hop
dong thoi cac oxit kim loai ZrO2 va WO;3 d cai thién hiéu suat phan wng chuyén héa
fructose thanh 5-HME. Nhu vay, chat xuc tac ZrsWi cho hiéu suat chuyén hoéa
fructose thanh san pham 5-HMF t6t nhat, dat 95,8%. Xtc tac nay ciing duoc lya chon
cho cac nghién cuu tiép theo.
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3.3.2.2. Khdo sdt cdc yéu té anh hwéng dén hiéu sudt chuyén héa fructose thanh
5-HMF trén chit xiic tic ZrsW
a) Anh hweong cua nhiér dg phan #ng

Chat xUc tac ZreWi duoc sir dung dé chuyén hda fructose thanh 5-HMF. Trong
Hinh 3.41, nhiét @6 phan &ng anh hudng dén qué trinh chuyén hda fructose thanh 5-
HMF, cu thé khi phan @ng duoc thuc hién & 100°C, tdc do hinh thanh 5-HMF kha
cham. Biéu nay c6 thé do qua trinh khir nuéc cua fructose thanh 5-HMF 1a phan tng
thu nhiét, do d6 nhiét 6 cao co lgi vé nhiét dong hoc cho phan tng chuyén héa
fructose thanh 5-HMF [119]. Do do, khi tang nhiét d6 phan ng tir 100 1én 120°C,
nang suit san pham 5-HMF ting tir 41,7% 1én 95,8%. Nhu vay, ¢ nhiét d6 120°C, c6
loi cho qué trinh chuyén héa fructose thanh 5-HMF. Nguoc lai, khi ting toc 6 phan
rng tir 120 1én 140°C va 160°C, hiéu suat hinh thanh san pham 5-HMF giam déng ké,
tir 95,8% xudng 84,2% va 80,7%. Su suy giam nay co thé duoc giai thich boi su gia
tang nhiét 46 1am ting tdc do phan tng, tuy nhién cac qua trinh chuyén héa 5-HMF
thanh cac san pham phu khac nhu acid levulinic ciing gia ting nhanh, 1am cho hiéu
suat hinh thanh san pham 5-HMF cua ca cac qué trinh giam [120].

100

41.7

100 120 140 160
Nhiét dé (°C)
Hinh 3.41. Anh huéng ciia nhiét do dén hiéu suit chuyén héa fructose thanh 5-
HMTF trén chit xic tac ZroW:

b) Anh huong cia thoi gian phan ing

Anh huéng caa thoi gian phan wng dén hiéu suat chuyén héa fructose thanh 5-
HMF trén hé chét x(c tac ZrsW1 duoc thuc hién trong khoang thoi gian 1-4h, trong
dung méi DMSO, nhiét ¢ phan ng 120°C. Anh hudng cua thoi gian dén do chuyén
hoa fructose thanh 5-HMF trén hé chat xuc tac ZrsW1 duoc trinh bay trong Hinh 3.42.
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Hinh 3.42. Anh hwéng ciia thoi gian téi hiéu suat chuyén héa fructose thanh 5-
HMF trén xdc tac ZroW1

Hinh 3.42 cho thay thoi gian phan ung anh huéng truc tiép dén qua trinh
chuyén hda fructose thanh 5-HMF. Cu thé, d6i véi mau ZrsWi khi tang thoi gian phan
tng tir 1h 1&n 2h, hiéu suat chuyén héa fructose thanh 5-HMF ting tir 82,6% Ién
95,8%. Tuy nhién, khi ting thoi gian phan &ng tir 2h 18n 3h, 4h, hiéu suat chuyén hoa
5-HMF giam tir 95,8 xudng 75,6% va 70,6%. Su suy giam hiéu suat chuyén hoa
fructose thanh 5-HMF khi ting thoi gian phan tng cd thé do 5-HMF duoc hinh thanh
trong qua trinh phan ng tiép tuc duoc thiy phan thanh acid levulinic (LA) va acid
formic (FA), do d6 do chon loc 5-HMF giam dang ké [121].
¢) Anh hwéng cua nong dé fructose ban dau

Nong do ban dau cua cac chat tham gia phan tmg nhu ndng d6 fructose ciing
anh hudéng dén hiéu suat hinh thanh 5-HMF. Thi nghiém danh gia anh huéng cua
ndng do fructose duoc thyuc hién trong diéu kién nong do fructose 2,5-15,0%, nhiét
d6 phan tng 120°C, trong dung méi DMSO. Nong do fructose ban dau anh huong
truc tiép dén do chuyén hoa fructose thanh san pham 5-HMF. Phan tng chuyén héa
fructose duoc thuc hién & cac ndng do fructose ban dau khac nhau (2,5-15,0%) trén
hé chat xdc tac ZroWi.
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Hinh 3.43. Anh huéng ciia nong dd fructose dén hiéu suat hinh thanh san
pham 5-HMF trén xuc tac ZreW.

Nong do fructose ban dau ting tir 2,5% dén 5,0%, hiéu suat tao san pham 5-
HMEF ting tir 93,3% Ién 95,8%. Sau d6, khi nong do fructose tiép tuc ting, hiéu suat
5-HMF giam dan. Pang cha ¥ 14 ndng d6 fructose cao dan dén do chon loc 5-HMF
thap do téc d6 chuyén héa 5-HMF thanh humin cao hon phan &ng.

3.3.2.3. Pdnh gid d bén ciia chit xic tdc ZroW;
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Hinh 3.44. Do bén ciia chit xic tac ZroW: trong qua trinh chuyén héa fructose
thanh 5-HMF
Hinh 3.44 cho thay sau 3 1an tai st dung hiéu suét tao san pham hau nhu khong
thay d6i nhiéu, van khoang 95%. Piéu nay chang to xUc tac ZroWs tong hop dugc 1a
loai xUc tac c6 hiéu qua cao, bén viing va khong bi thay d6i hoat tinh trong phan ung
chuyén hoa.
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3.4. So sanh hi€u nang cac vat licu Me-O-W
3.4.1. Gidi thiéu chung

Cac vat lidu xdc tac MexWiox(Me: Si, Ti, Zr; x=0, 1, 3, 5, 7, 9, 10) déu da
duogc tong hop bang phuong phap solgel va xac dinh cau trdc bang cac phuong phap
phan tich hién dai nhu XRD, IR, SEM, TEM, HRTEM-HAADF, BET, TPD-NHs.
Tat ca cac vat liéu xuc tac déu thé hién tinh acid trong phan ung khir nudce fructose
thanh 5-HMF va déu cho hiéu suit tong hgp 5-HMF cao hon so véi truong hop khéng
dung xuc tac. Trong mdi ddy oxit trén, hoat tinh xUc tac cua cac mau déu ting dan
theo x va dat gié tri hiéu suat rat cao, noi troi voi cac mau MesWi. Cu thé, ¢ diéu kién
t6i wu, hidu suat tao 5-HMF cua ZrsWi, Tis Wi va SieWs lan luot 12 95,8%, 84,0%,
84,4%. Trong phan nay, su khac biét vé hoat tinh cia chiing véi c4c lién hé vé tinh
chat cau trdc, hinh thai va bé mit sé dugc dua ra so sanh, kién giai.

3.4.2. Két qua dic trung cia vat liéu MeoW; (Me = Si, Ti, Zr).

Cwong do (a.u)

Cworng do (a.u)

2 theta (dd) 2 theta (do)
Hinh 3.45. Gian dd XRD goc rong ciia cac miu vat liéu MesW; (Me: Si, Ti, Zr)
(A) va cac miu vat litu WO3/MeO:so sanh (B)

Nhu di dwogc thao luan & cac phan trén, cau tric vi tinh thé caa cac vat liéu
SioW1, TigW1, ZroW: dugc thé hién trén pho nhiu xa tia X goc rong (hinh 3.45A).
Trong hinh 3.45A thé hién rd phd XRD cua SisW1 ¢ cac pic dic trung cho pha
monoclinic ciia WO3, con TigW: va ZrsW; déu chi thay cac pic dic trung cho pha pha
anatase cua oxide TiO, va pha tetragonal cua oxit ZrO, trong hon hop. So sanh véi
phd XRD g6c rong cua cac mau xuc tac twong tng dugc didu ché theo phuong phap
ngam tam (Hinh 3.45B), rd rang 1a trén hinh 3.45B ca ba mau Sig/W1, Tis/W1, Zre/W1
déu co cac pic dic trung cho pha monoclinic cia WO3 véi cudng d6 16n hon nhiéu
S0 V&i trong cac mau MesWi . Nhu vay 13 véi ciing ti 16 W/Me = 1/9, trong phuong
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phap ngam tam, pha WO3; duoc phéan tan dugc trén bé mat caa cac chat mang MeO:
vé6i kich thuée tinh thé 16n hon nhiéu. Diéu nay s& lam giam sb tdm hoat tinh dugc
tao ra. Két qua nay la d& hinh dung vi trong phuong phap tim uét, c4c tién chat cua
pha WO3 Vvé co ban s& “lang dong” trong cic vi mao quan, mao quan cua chat mang,
trudc khi hinh thanh pha oxit WOs qua qua trinh nung. Khac véi phuong phap ngam
tam, trong phuong phap sol-gel, hdn hop tién chat WCls va ZrOCl, dugc dua vao
dung dich vai su pha tron dong déu & cap do phan tir, dé do s& tao sy thuan loi cho
su hinh thanh cac cau trdc nanocluster WO3 phan tan déu trén pha nén MeO». Pong
thoi do cac tién chat pha hoat tinh va pha nén phéan tan déng déu véi nhau trong qua
trinh hinh thanh oxit hdn hop, cac cau tric WO s& tuong tac tot hon véi phanén qua
d6 ngdn chan sy két khdi caa ching thanh céc cau tric tinh thé 16n hon WO« 6n hon.
Pay chinh 13 vu diém cua phuong phap sol-gle ma nghién ctru hudéng téi. Két qua
nay dugc minh chirng rd rang hon véi hinh anh TEM, STEM-HAADF hay dién tich
bé mat riéng dwoc mét 1an nira giGi thiéu trén Hinh 3.46 va Bang 3.6 dudi day.

()W 4f ZrgWy (D) Wy, TigW, (D) W 4f SigW,

Intensity (a.u)
Intensity (a.u)
Intensity (a.u)

[
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! T
AL \
A e - . I —
42 40 38 36 34 32 30 28 26 48 46 44 42 40 38 36 34 32 30 48 46 44 42 40 38 36 34 32 30
) Binding Energy (eV) Bindi E v
Binding Energy (eV) inding Energy (eV)

Hinh 3.46. Anh TEM, STEM-HAADF va XPS ciia vt liéu ZroW; (A, D, G),
TisW1 (B, E, H), SisW; (C, F, I).
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Cau trdc hinh thai ctia cac chét xuc tac dugc dic trung boi anh TEM va STEM-
HAADF (Hinh 3.46). Piéu dang chu ¥ 13 cac chit xtic tic déu duoc td hop tir cac hat
nano c6 kich thuéc véi duong kinh khoang 5-10nm. Kich thudc hat cua chat xdc tac
TigW1 va ZrsWi 16n hon mot chit so véi chat xuc tac SigWi. Ngoai ra, anh STEM-
HAADF ciing duoc st dung dé md ta cau tric vi té bé mat cua vat liéu. Trong anh
STEM-HAADF, cac ving sang tuong ang voi pha WOx vi W 1a nguyén t6 nang nhat
trong cac oxide hdn hop. Pdi véi chat xtc tic ZreWs , ¢6 thé thay rang bén canh céc
WOx monotungstate don 1¢, cd&c cum nanocluster WOx chiém mot ti 18 khé 16n. Cac
két qua thu duoc twong ty cling dwoc quan sat thay vai chat xtc tac TisWa, vai nhiéu
vi trf cum nanocluster WOx bao gém maot sé nguyén tir W.Trén mau SigWi cho thay
cac dém sang co duong kinh dao dong tir khoang 1-3 nm, twong Gng V4i cac cum
nanocluster WOx. So véi cac truong hop cua ZrgWsi va TigWi, cac cum nano WOy
trén SigW1 16n hon va phan tach nhau r6 rang hon.

Bang 3.1. Mét so tinh chat hinh thai, bé mat cia x(c tac MegW;

Luong NH3z (mmol/gxac tsc) Hiéu
Acid | Acid | Acid | Téng suat
Seer | Vpoe | Dem | Yéu trung | manh | luong tao 5-

Mau WS/
(m?/g) | (cm¥g) | (nm) | (150- binh | (> tam HMF
300°C) | (300- |500°C) | acid (%)

500°C)

WOs; 25,5 0,17 30,5 | 0,131 0,169 0,008 | 0,308 - 58,1
ZroW, | 106,4 | 0,137 | 5,20 | 0,333 0,401 0,035 | 0,769 0,48 95,8
TigW, | 1484 | 0,144 | 3,89 | 0,303 0,217 0,059 | 0,578 0,30 84,0
SigW, | 1734 | 0,046 | 4,33 | 0,287 0,424 0,074 | 0,785 0,09 84,3

3.4.5. So sanh vé hiéu qua xUc tac

Hiéu qua cuia cac chat xuc tac duoc danh gia thong qua qua trinh chuyén
hoa fructose thanh 5-HMF véi cac diéu kién phan tng khac nhau: nhiét do phan
ung, thoi gian phan tmg va ham luong fructose. Cac nghién ctru trén da chi ra
diéu kién téi wu 1a: nhiét d6 phan (ng 120°C, thoi gian phan tng 2h, nong do
2,5% (khéi luong) fructose trong dung mdi DMSO véi sy c6 miat ciia 100 mg
xuc tac. Két qua nay dugc gigi thiéu trén Hinh 3.47. Trong d6 két qua danh gia
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hoat tinh ¢ cung diéu Kién trén x(c tac tim Zre/W1, Tio/W; va Sie/W; ciing di
duogc gisi thiéu. Hiéu suat tao 5-HMF trén xuc tac theo phuong phap tam lan
luot 1a 81,6, 74,7 va 55,6% tuong ung vai XUc tac Zrg/Ws, Tig/W; va Sig/Wi.

Két qua cho thay giita cac oxit Me-O-W, xdc tac ZroW; cho hiéu suat tao
thanh 5-HMF cao nhat, dat 95,8%. Theo sau xUc tac ZroW, 1a TigW; va SigW,
c6 hiéu suat 5-HMF xap xi bang nhau, dat 84%. Ngoai ra, c6 thé thay, so voi
xuc tac WO3 va xtc tac hdn hop duoc tong hop bang phuong phap tim WO3 /MeOy,
xUc tac hdn hop Me-O-W thé hién hoat tinh vuot troi hon han.

100

5-HMF Yield (%)
= N w H 9, 2] ~N [+
o o o o o o o o o
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|
.
|

Hinh 3.47. Hiéu suat HMF trén xdc tac MesW: (Me: Si, Ti, Zr) va WO3/MeO:
tong hop bang phwong phap ngiam tam .

Dé danh gia su khac biét nay caa xuc tdc Me-O-W, cac tinh chat bé mat vat
liéu can dugc so sanh. Cé thé thay rang hoat tinh xtc tac khdng ti 18 véi dién tich bé
mat riéng trén d6 pha hoat tinh dugc phan tan cta vat liéu, ma duong nhu ti 1€ thuan
véi lugng tam acid yéu; 0,333 mmol/gx (ZreW1) > 0,303 (TisW: > 0,287 mmol/gx
(SigWh). Pay 1a cac tim (ng véi sy giai hap NHs & viing nhiét d6 150-300°C, sét véi
viing nhiét do khao sat cia phan ang. Bén canh do, ciing nhan thay rang, kich thuéc
trung binh duong kinh 15 xdp cua xuc tic mao quan c6 thé dong vai trd quan trong
cho qué trinh khuéch tan chat phan ang. Vi goc do nay, rd rang xic tac  ZreWi (dis
«ép = 5,20 nm) thé hién tinh uu viét hon so vai xuc tac TisW1 (dis xép = 3,89 nm) va
SisW1 (dis xép = 4,33 nm) (Bang 3.6). Ngoai ra, can luu y rang, két qua XPS cho thay,
ti 1 tdm acid dugc gan cho tdm bronsted W5*-OH trén tam Lewis W®*=0 Ia rat cao
trén xdc tac ZreWi, dat 0,48. Trong khi trén xuc tac TigW1 va SigW1 chi 1a 0,30 va
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0,09. Tt c4c dic tinh nay tao nén hiéu tng cong két 1am tang manh hiéu suat tao 5-
HMF trén xuc tac ZroWi.

Sy tang manh hoat tinh caa oxit hdn hop Me-O-W khi ¢6 ham luong W thap
(W/Me = 1:9) ciing di duogc chi ra trong mot s6 nghién ctru trude day do su tao thanh
cac nanocluster chta cac tdm c6 hoat tinh cao. Céc nghién ciru d cho thay khi ham
lwgng W thap, c6 mat do bé mat W trong khoang 4-8W/nm?, thi ciu tric nanocluster
co lap chiém mét phan Ion va dugc coi 1a cu tric chira tdm hoat dong cao nhat cua
pha tinh thé WO3[137][99]. Trong truong hop cua ching toi, dua trén phan tich XPS,
mat d6 bé mat W lan luot 12 4,3; 9,7; 7,3 W/nm? d6i véi ZreWs, TisWi, SigW1 . Cac
gia tri nay kha gan véi mat do bé mat W co hoat tinh x(c tac cao nhat da néu & trén.
Hoat tinh xtc tac cao & ham lwong W thap ciing duoc quan sat thay trén cac chat xtc
tac Nb-O-W cho phan ung thuy phan sucrose va hydrat hoéa glucose, mannose
[64][66].

Nhu vay c6 thé két luan rang, voi phuong phap Sol-gel, céc vat liéu xdc tac
Me-O-W di toa thuan lgi cho su hinh thanh cac cau triic nanocluster phan tan dong
déu trén pha nén oxit MeO2. Qua d6 1am ting 1én dang ké hiéu xuat chuyén hoa
fructose thanh 5-HMF.

3.5. Pé xuat co ché phan ing khir nwéc ciia fructose thanh 5-
HMF

Trén co sé nghién ciu cau tric cua cac vat liéu xdc tac W-O-Me (Me: Si, Ti,
Zr) va danh gia hiéu qua xUc tac caa chung ddi véi phan tng khir nuée caa fructose
thanh 5-HMF, chung t6i dé xuit co ché phan tng tach ba phan tir nuée cua fructose
nhu sau[96][97][138]:

Giai doan 1, tAch phan tir nuéce thir nhat tao ra san pham trung gian (1). Cac
phan Gmg duoc trinh bay trén hinh 3.48.

HOH,C CH,OH HOH,C CH,0H HOH,C CH,OH

o
3 3 Sr. D HOH.C o
o) CHOH
pH +OH,
HO K HO HO +H,0

fructose H HO (1) H
O\ /O\ /O O\ /O\ /O O% +/O\ (@) O% +/O\ O

/ W6+ W5+\ / W6+ 5+ / WG 5+ / WG W5+

o) T o)

| +

- A R +H R
MeO,(Me: Si, Ti, Zr —H>Me02(Me: Si, Ti, Zr)J—|MeO,(Me: Si, Ti, Zr)]—>[MeO,(Me: Si, Ti, Zr

Hinh 3.48. Co ché tach phan tir nwéc thir nhat tir fructose
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Giai doan 2, tach phan tir nudc thir hai tao ra san pham trung gian (2). Cac phan
ung dugc trinh bay trén hinh 3.51.

HOH,C HOHC HOHC o A
HO CHOH H,0 CHOH CHOH
A ¥
@) N
HO H\ HO HO +H20
i} o o
O\W&/O W5+/O O\W&/O\W&/O \W&/o s
0 T 7 o 7 o
T C|) T | T T
.
MeO,(Me: Si, Ti, zr) —H s |MeO,(Me: Si, Ti, zr 5 |MeoyMe:si, T, zr
HOH,C o S+ HOH,C o
> -CH===0H Y CH=O0
/6+
HO HO (2 y
o - o o (o)
\W6+/ © N W5+/ © %WG*'/ ~ W5+/
o7 | 0 o” | N
o 0 T o]

—|MeO,(Me: Si, Ti, Zr s MeO,(Me: Si, Ti, Zr

Hinh 3.49. Co ché tach phan tir nwéc thir hai

Giai doan 3, tach phén ttr nudc thir ba tao ra san phim cudi cung 1a 5-HMF. Cac
phén g duogc trinh bay trén hinh 3.50.

HOH,C o HOH,C o HOH,C o
CH=O0 CH=O0 CH=O0
) Vi Vi L Y
() [ .+
HO-=-------- H\ +OH, Chuyén vi +H,0
O\W6+/O\W5+/O O\W6+/O\W5+ © O\W6+/O\W5+/O
7 = NN = ™
o” | o o™ | | o o” | | o
[ ] [T [T
+
MeO,(Me: Si, Ti, zr| —H MeO,(Me: Si, Ti,Zr]f —— >  [MeO,(Me: Si, Ti, Zr
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i +H,0 5-HMF H\

O\WE&/ O\W5+/ © O\WG‘*/ O\ W5+/ ©

= =

A1 TS A1 1S
T o T (0]

- +H N
—» |MeOy(Me: Si, Ti, Zr] ———— > |MeO,(Me: Si, Ti, Zr

Hinh 3.50. Co ché tach phén tir nwéc thir ba tao thanh 5-HMF

Nhu vay, trong cac vat liéu xic tac Me-O-W, tam acid Bronsted dong vai tro
nhuong proton H* cho fructose dé thyc hién qua trinh khir nuge thanh 5-HMF.
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KET LUAN

Noi dung cua luan 4n di thu duoc nhirng két qua sau day:

1) Céc chat xuc tac Si-O-W, Ti-O-W va Zr-O-W duoc tong hop thanh cong
bang phuong phap sol-gel. Gian dd6 XRD cho thay ton tai WO3 trong xuc tac Si-O-
W, TiO; anatase trong Ti-O-W va tetragonal ZrO, trong Zr-O-W trong cau tric khi
nung ¢ 400°C. Tir két qua SEM, TEM, HRTEM-HAADF cho thay pha WOx phan tan
dong déu trén bé miat vat lidu va WOx c6 dudng kinh nhé hon 2,5 nm. Phé XPS chi
ra su ton tai cua WO*, W5* déi vai cac chat xtc tac. Phd TPD-NHs cho thay s gia
taing manh mé s luong c&c tdm acid trong cac oxide hdn hop Me-W-O.

2) Trong cac hé chét xdc tac Si-O-W, Ti-O-W va Zr-O-W, céc chit xdc tac
SigW1, TisW1 va ZreW: thé hién hoat tinh cao trong phan ung tong hop 5-HMF tix
fructose, v&i hiéu suat lan luot 1a 84,4%, 84% va 95,8%. Hiéu suat chuyén hoa
fructose thanh 5-HMF cua cac mau oxide hdn hop cao hon dang ké so voi mau oxit
riéng I¢, do hiéu ing cong huong gitra hai pha oxit MeO, va WOy, dac biét la sy phan
tan cua cac cum nanocluster WOy trén pha nén MeO.. Céc yéu t6 anh huong dén hiéu
suat chuyén hoa fructose thanh 5-HMF nhu ti 16 Me/W, nhiét do, thoi gian, nong do
fructose, dung mdi phan tng di dugc khao sat. Biéu kién phan ung tdi uu trong phan
ing chuyén hoa fructose thanh 5-HMF: thoi gian phan ung 2h, nhiét do phan wng
120°C, nong do fructose 5% khdi lwong va dung mdi DMSO. Cac mau vat liéu SigWa,
TioW1 va ZroWi c6 hoat tinh gan nhu khong d6i sau 3 chu ky phan ang.

3) So vai xlc tdic WOz oxide, cac chat x(c tac SigWi, TisWi va ZroWicho thay
hoat tinh vuot tréi hon, dic biét ddi véi trudng hop xdc tac ZroWs. Chat x(c tac ZreWi
c6 hiéu suat chuyén hoa fructose thanh 5-HMF cao nhat (95,8%). Két qua nay duoc
chi ra 14 so sy cong két cac dac tinh thuan loi c6 duoc trén xdc tdc ZreWs1 nhu; su gia
tang tam acid, duong kinh mao quan rong hon thuan loi cho khuéch tan va su phan
tan rd nét mot cach déu dan cac cau tric nanocluter trén nén ZrO». Céac dic tinh wu
viét ndy trén xdc tc ZrsW1 di cho thay sy wu viét ciia phuong phap solgel trong téng
hop xtic tac trén co s& WOx cho phan tng chuyén hda fructose thanh 5-HMF.
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NHUNG PONG GOP MOI CUA LUAN AN

1. Cac chét xuc tac kiéu oxit hdn hop Me-O-W (Me: Si, Ti, Zr) véi céc ti 1¢
khac nhau Me/W lan dau tién duoc tong hop thanh cong bang phwong phap sol-gel
Véi tién chat WCls va Si(OC2Hs)4, Ti(OC2Hs)s, ZrOCl;

2. Cac nghién ciru dic trung cdu tric da chi ra cac hat nanocluster WOy duong
kinh 1-2 nm d3 dwoc hinh thanh va phan tan kha dong déu, khéng bi co cum thanh
c4c hat 16n khi sir dung phuong phap sol-gel, dic biét 1a trén xuc tac ZreWi. Bong
thoi, ndi dung nghién ctru ciing da chi ra wu diém vé sy hinh thanh thuan loi va bén
hoa cac pha nanocluster WOy trén nén oxit so véi phuong phap tim thong thudng.

3. Pi nghién citu mot cach c6 hé thong chuyén hoa fructose thanh HMF trén
xuc tac Me-W-0. Két qua cho thay hiéu suat tao thanh HMF rat cao, dic biét trén
ZrsWs, dat 95,8%. Két qua nay vuot troi hon xtc tac tong hop theo phuong phap tam
Zro/W1 véi ciing diéu kién ti 16 mol W: Zr = 1:9, hiéu suat tao 5-HMF chi dat 81,6%.
Day ciing 13 két qua noi troi so véi cac két qua nghién ciru khac.

4. Nghién ctru da chi ra diéu kién toi uu 1a cho phan tng 1a: nhiét do phan tng
120°C, thoi gian phan ung 2h, néng d6 fructose 5% (khéi lwong) trong dung moi
DMSO véi su ¢6 mat caa 100 mg xuc tac.
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- C. PHO HAP PHU - GIAI HAP N2(BET)
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D. ANH STEM-HAADF CUA ZroW1
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E. KET QUA HPLC CUA MOT SO CHAT
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