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A- GIOI THIEU LUAN AN
1. Tinh c4p thiét ciia dé tai

Ngay nay, cellulose c6 ngudn géc tir rom ra, bd mia, cac cay
trong khong cho lwong thuc ¢6 sin, ré tién l1a nguon nguyén liéu dé san
Xuit ra cac san pham nhién liéu tai tao hodc cac hda chat khac. Mot
trong sé cac hudng chuyén hoa nay 1a di qua chudi phan Gng tir
cellulose/lignocellulose thuy phan thanh glucose, tiép theo bai qué trinh
ddng phan hoa glucose thanh fructose, roi tir d6 thuc hién phan ang tach
ba phan tir nudc nhod xtc tac acid dé tao ra 5-hydroxylmethylfurfural
(5-HMF). Hop chat 5-HMF duoc coi 1a mét trong nhitng hda chat nén
tang tiém niang c6 thé dugc sir dung dé san xuat nhiéu loai san pham tly
thudc vao chat xac tac va diéu kién phan ang.

Quié trinh téng hop 5-HMF tir fructose xay ra théng qua phan tng
khtr nuéc c6 hoac khdng c6 chat xuc tac acid. Tinh acid cua chét xuc
tac dong mot vai trd quan trong déi voi phan tng khir fructose. Giira
xuc tac acid ddng thé va acid dj thé, hé xtc tac acid dong thé co thé
chuyén hoa fructose thanh 5-HMF hiéu suat cao nhung c6 nhiing han
ché nhu khong thu hdi duoc xtc tac, an mon thiét bi va gay 6 nhiém
moi truong. Xu hudng maéi hién nay la sir dung cac hé xuc tac acid di
thé do nhitng wu viét nhu c6 kha ning thu hdi tai st dung, than thién
mdi truong hon dong thoi cd thé dat hiéu suat cao dac biét 1a do chon
loc san pham. Gan day, cac chat xuc tac dj thé nhu WOz duoc biét dén
nhu mét xdc tac acid rin manh, c6 hiéu ning xtc tac tbt trong nhiéu
phan tng hiru co. Do dién tich bé mit riéng thap, xtc tdic WO3 thudng
dugc téng hop dang xdc tdc mang. Nhiéu nghién da chi ra rang cac dang
CAu trlic WO va sy phan tan ciia ching trén bé mat chat mang dong vai
tro quan trong trong hiéu ning cia XUc tac. Vi cac wu diém va trién
vong cua xuc tac trén co s& WOs, trong luan an nay, ching toi nghién
ctru téng hop cac hé xdc tac acid ran nhu Si-O-W, Ti-O-W, Zr-O-W
bang phuong phap sol gel va tng dung cho phan ung tao 5-
hydroxymethylfurfural (5-HMF) tur nguyen liéu ban dau fructose, mot
trong nhitng mat xich quan trong qué trinh tao nhién liéu sinh hoc va
cac hop chat hda hoc co ban.

Véi dinh hudng nghién ciu tong hop xUc tac oxide di thé bang
phuong phap sol gel, va ing dung cho phan tng trén, ching téi hi vong
s& d& dang thay d6i ti 16 mol Me:W (Me: Si, Ti, Zr) va s& tong hop duoc
oxide WO3 phan tan tot hon trong hdn hgp, nham nang cao higu qua ciia
xuc tac d6i vai phan ng tao 5-HMF tir fructose. Mat khac, theo céc tai
liéu da cong bd gan ddy, hién nay hudéng téng hop hé cac xtc tac trén



theo phuwong phép sol gel van chua dugc nghién ciru nhidu, chua nghién
clru day du ve ti 1é mol Me:W (Me: Si, Ti, Zr) va ing dung ciia chling
cho phan wng chuyén héa fructose thanh 5-HMF con rat han ché. Vi
vay, trong luén an nay chung toi hi vong s& gop phan lam phong phu
thém cac két qua nghién ctiru vé céc hé xuc tac acid ran Me-O-W (Me:
Si, Ti, Zr) bang phuong phap sol gel véi cac ti I1¢ mol Me:W (Me: Si,
Ti, Zr) khéc nhau.

2. Muc tiéu va ndi dung nghién ciru caa luan an

Luan an huéng téi muc tiéu nghién ciru tong hop xdc tac acid rin
Me-O-W (Me: Si, Ti, Zr) bang phuong phép sol gel vai cac ti Ié mol
Me:W (Me: Si, Ti, Zr) khac nhau va ¢ng dung cho phan @ng chuyén
hoa fructose thanh 5-HMF. Bé dat dwoc muc tiéu, luan an tap trung thuc
hién cé&c noi dung nghién cau chinh sau:

> Nghién ciu tong hop xtc tac Me-O-W (Me: Si, Ti, Zr) bang
phuong phap sol gel voi céc ti 1€ mol Me:W (Me: Si, Ti, Zr) khac
nhau va xac dinh cac dic trung hinh thai hoc, ciu trdc cia ching.

> Nghién cau téng hop xuc tac MeO/WOy (Me: Si, Ti, Zr) bang
phuong phap ngam tam va xac dinh céc dic trung hinh thai hoc, cau
trdc cua ching dé so séanh véi cac oxide trén.

> Danh gia hiéu qua cta cac chat xuc tac d6i véi phan (g tach
nudéc fructose thanh 5-HMF nham so sénh tim ra cac chat xdc tac
cho hiéu suét tao 5-HMF cao nhat dbi vai mdi hé xUc tac trén.

> Nghién ctru cac yéu td anh hudong dén hiéu suat phan tmg nhu
nhiét ¢ phan tng, thoi gian, ndng do fructose ban dau.

> So séanh hiéu qua cta cac chat xic tac trén vai cac chét xic tac
MeO2/WOy (Me: Si, Ti, Zr) dugc téng hop bang phuong phap ngam
tam nham lam néi bat hiéu qua cia phuong phap tong hop xuc tac
bang phuong phép sol gel.

3. Y nghia khoa hoc va thuc tién caa luan an

Phuong phap sol gel dé tong hop xuc tac Me-O-W (Me: Si, Ti, Zr)
vei cac ti 1€ mol khac nhau gop phan 1am phong phu thém cac phuong
phép tong hop Xuc tac acid ran cho phan ung tao 5-HMF tur fructose.
Phuong phép tong hop nay dé thyc hién va mang lai hiéu suat tao 5-
HMF cao, c6 thé 1én téi 95,8%, diéu d6 cho thay tinh wu viét cua xlc
tac so voi cac loai xuc tac acid di thé khac.

Phan @ng tao 5-HMF tir nguyén liéu ban diu fructose ciing gop
phan dinh huéng cho muc tiéu xa hon 1a di tir cac nguyén liéu khéc c6
nguodn gdc tir sinh khéi nhu glucose, cellulose, nham tao ra nhirng san
pham sinh hoc ¢6 gia tri.



4. Péng gop méi caa luan an
> Céc chat xdc tac kiéu oxit hdn hop Me-O-W (Me: Zr, Ti, Si) véi
cac ti 1& khac nhau Me/W lan dau tién duoc tong hop thanh cong
bang phuong phap sol-gel véi tién chat WCls va ZrOCl..
> Pi nghién ciru mot cach co hé thdng chuyén héa fructose thanh
HMPF trén x(c tic Me-O-W. Két qua cho thay hiéu suét tao thanh
HMF rat cao, dac bigt trén ZreW,, dat 95,8%. Két qua nay vuot troi
hon xuc tac tong hop theo phuong phap tam Zre/W1ivéi cung dleu
kién ti 16 mol W: Zr= 1:9, chi dat 81,6%. Day ciing 1a két qua ndi
troi so voi cac két qua nghién ciru khéc. Nghién ciru da chi ra diéu
kién tdi wu 1a cho phan ung Ia: nhiét ¢ phan tng 120°C, thoi gian
phan tnhg 2, 5%(KI) fructose trong dung méi DMSO véi sy c6 mat
cua 100 mg xuc tac.
> Céc nghién ctu dic trung ciu trac da chi ra cac hat nanocluster
WO duong kinh 1-2 nm d dugc hinh thanh va phan tan kha dong
déu, khong bi co cum thanh cac hat 16n khi sir dung phuong phap
sol-gel, dac biét 1a trén xdc tac ZrsWs. Pay duoc xem la dang cau
triic chira cac tim hoat tinh chu yéu cho xuc tac trén co s WOx.
Két qua nay duoc thé hién rd nét khi ¢ su ting nhanh hoat tinh
cua vat liéu xuc tac Me-O-W khi ti 1€ mol W:Me & gia tri nho.
Ddng thoi, ndi dung nghién ciru ciing da chi ra wu diém vé sy thuan
loi hinh thanh c&c pha nanocluster trén nén oxit so véi phuong
phap tam thong thudng.
5. Cau truc caa luan an
Luan &n gdm 130 trang, 17 bang, 80 hinh v& va d6 thi, duoc phan
b thanh cac phan gém: M& dau - 2 trang; Tong quan Iy thuyét - 40
trang; Thuc nghiém va phuong phap nghién ciru - 8 trang; Két qua va
thao luan - 51 trang; Két luan - 2 trang; Nhitng dong gép méi cua luan
an - 1 trang; Danh muc cac c6ng trinh di cong bd - 2 trang; Tai liéu
tham khao - 11 trang (138 tai liéu tham khao); Phu luc - 13 trang.
B- NOI DUNG CHINH CUA LUAN AN
CHUONG 1. TONG QUAN
Chuong nay trinh bay téng quan vé fructose va 5-HMF, c4c qua
trinh tong hop 5-HMF tir cac ngudn nguyén liéu khac nhau va nhiing
yéu tb anh hu0'ng dén qua trinh téng hop. Téng quan ciing gidi thiu
chung vé xdc tac acid di thé cho tong hop 5-HMF, xuc téc trén co s¢
WO, trén co s& cac oxide riéng Ié va tong quan vé vat liéu oxide hon
hop Me-O-W (Me: Si, Ti, Zr). Mot sé phuong phap tong hop x(c tac
nhu phuong phap sol gel, phuong phap ngam tam,...



CHUONG 3. THUC NGHIEM VA CAC PHUONG PHAP
NGHIEN CUU
2.1. Hoa chat

Céc hoa chat sir dung déu dat do tinh khiét phan tich:
ZrOCl,.8H,0 99% (Trung Quéc), Ti(OCsHg)s 99% (Sigma Aldrich),
Si(OC;Hs)4 99% (Sigmal aldrich), WClg 99 % (Merck), C.HsOH 99%
(Trung Quéc), P123 (Sigma Aldrich), DMSO (Merck), khi N, 99%,
Fructose (Sigma Aldrich).

2.2. Céc quy trinh tong hop vat liéu
2.2.1. Quy trinh tong hep vat liéu Me-O-W (Me: Zr, Ti, Si)

Hoa tan 1g P123 trong 10 ml etanol, khudy manh cho dén khi
tan hét chét ran. Sau d6 cho thém vao hdn hop trén cac dung dich tién
chat nhu WCls hoa tan trong C,HsOH 99% va mét trong cac dung dich
ZrOCl.8H20, Ti(CsHyO)4, Si(C2H50)4) trong dung méi C,HsOH 99%
V6i céc ti 18 mol khac nhau. H3n hop dwoc khudy & nhiét do thuong
trong khoang 2 gio. Sau khi da hoan thanh viéc khuéy, hén hop duoc
dem gia hoa ¢ 40°C trong 5 ngay, sau d6 dugc say ¢ 60°C trong 24 gio
dé 1am bay hoi dung méi. Cudi cing, chat rin dugc nung trong khdng
khi & 400°C trong 5h, voi téc do6 gia nhiét 1 phat/do.

Céc vat li¢u xuc tac Me-O-W hay Me,W10.xOy c0 ti 1€ mol
Me/W=x/(10-x), trong d6 x =0, 1, 3,5, 7,9, 10. V&i x = 0 xUc tac la
WO; con vai x = 10 xuc tac la MeO..

2.2.2. Quy trinh tdng hep vit liéu WO3/MeO, (Me: Zr, Ti, Si)

Vit ligu xdc tac WOs/MeO, (Me: Zr, Ti, Si) dugc tong hop
bang phuong phap ngam tim theo cac budc sau: Can 1 lugng xic tac
MeO, (Me: Zr, Ti, Si) da dugc tong hop theo quy trinh trén va WCls
99% theo ty 18 mol 9:1 r6i thém 10ml dung mai etanol, khuiy hdn hop
trong 2h. Hon hop duoc siy ¢ 40-60°C trong 24h dé 1am bay hoi dung
moi. Nung chat ran ¢ 400°C trong 3h véi tc do gia nhiét 1 phit/do.
Cac xuc tdc WO3/ZrOz, WOs/TiO,, WO3/SiO, dugc ki hiéu twong ung
laTZ9, TT9, TSO.

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

Chét xtc tac thu duoc sau phan ng duoc loc ly tam véi téc do
7000 vong / phat trong khoang 5 phdt. Chat ran duogc tach va loc rira
Vv6i nuéc va ethanol roi siy ¢ 70°C trong 24h. XUc tac thu duoc dem



nung & 400°C dé 1am sach bé mat, sau dédwoc dua vao cac phan tng
chuyén hoa fructose thanh 5-HMF theo céc diéu kién phan ung.
2.4. Cac phuong phap dic trung danh gia tinh chat vt liéu

Céc dic trung cau trdc va hinh thai cua vat lidu xac tac duoc
xac dinh thdng qua cac phuong phap vat ly hién dai nhu: XRD, FTIR,
SEM, TEM, STEM-HAADF, BET, TPD-NHs;, XPS.

2.5. Panh gia hi¢u suit chuyén hoa ciia xuc tac

Hiéu suat chuyén hoa cua xuc tac duge danh gia qua phan ing
chuyén héa fructose thanh 5-hydroxymethylfurfural. Hé phan (mg duoc
thuc hién trong binh cau ba ¢6 ndi vai sinh han xoan. Quy trinh cia mot
qua trinh danh gi4 hoat tinh xtc tic dién hinh nhu sau: cho 100 mg xuc
tac vao binh phan ng va hoat héa ¢ 120°C trong dong khi N trong 1h
(200 ml/phat). Tiép theo cho 10 ml dung méi DMSO chira 5% khbi
lugng fructose vao binh; khuay lién tuc hon hop phan @ng tai nhiét do
khao sat 120°C trong 2 h, dudi méi truong khi N2. Lam lanh nhanh dung
dich sau phan ung bang nuéc lanh. Tach san pham khoi mau xuc tac
bang dau loc 45 pm.

Trong céc thi nghiém khao sét, vai tro, diéu kién phan ng, cac
tham sé nhiét do, thoi gian, nong do fructose va dung mdi c6 thé dugc
thay doi.

Hiéu suit phan tng duoc tinh toén théng qua cong thuc:

Néng do HMF thu dugc (ppm)
H% = — - x100%
Nong do HMF theo Iy thuyét (ppm)

Trong d6, ndng d6 5-HMF thu duoc (ppm) duoc xac dinh theo
phuong phap ngoai suy dudng chuan, bang cach do phé séc ki long hiéu
niang cao HPLC céc dung dich sau phan tng khir nuéc caa fructose
thanh 5-HMF.

CHUONG 3. KET QUA VA THAO LUAN
3.1. Vit liéu xUc tac Si-O-W
3.1.1. Két qua dic trung cia vat liéu Si-O-W
Dé xac dlnh nhiét do hlnh thanh oxide, phuong phap phan tich
nhiét TGA duoc st dung cho mau SisWs. Nhiét d6 nung téi thiéu dugc
chon la 400°C.
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Hinh 0.1. Gian d6 XRD
caa WOs3, SiOz va Si-O-
w

Trong gian ¢6 XRD Hinh 3.1 cua vat
liéu SiO, vat lidu SiO; ton tai ¢ dang vo
dinh hinh, céac vat liéu con lai déu c6 cau
trdc tinh thé vai cac pic dic trung cho cau
trac pha don ta ctia WOs.Cuong d6 pic ¢
goc 20 ~ 23,1° va 33,5° cua SieW; yéu
hon nhiéu so véi cac mau Si-O-W khéc
chung to SioW: ¢ d6 tinh thé pha WO3
kém hon, ¢6 thé do ham luong WO3 thap
nén tao ra cac pic co cudong do yéu.

Phd FTIR cua tat ca cac mau déu xuét hién cac tin hiéu & 3500
cmdic trung cho dao dong ciia nhém —OH trong cac phan tir nudc hap
phu trén bé mat xc tac va tin hiéu & 1646 cm* dwoc gan cho dao dong
bién dang cua cac nhém Si—OH. Mau WO; cho céc cuc dai hap thu ¢
cac s6 song 931, 822, 764 cm™ dic trung cho cac dao dong cua lién két
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Hinh 0.2. Phé FTIR caa
SiOz, WO3 va Si-O-W

Trén phd IR cua SiO ¢6 cac dao dong
cua cac nhém Si-O & sb song 1224,
1084 cm™. Dao dong ¢ sb song 804
cm* duge duoc gan cho dao dong udn
cong cua cac nhom Si—O-Si. Dao déng
& s séng 462 cm™ dugc gan cho dao
dong bién dang cua cac nhom Si-O.
Phé FTIR cuaa hdn hop oxide Si-O-W
cho thay su chdng chap cua cac cuc dai
hap thu cua cac dao dong cua nhom Si-
O va W-0.

Anh TEM cua vat ligu SisWs va SisWi (hinh 3.3) cho thay cac
vat liéu Si-O-W cé dang ‘h‘lnh cau, cac hat cé kich thudc nho (20-30
nm), kich thudc hat khd dong nhat.

Hinh 0.3. Anh TEM ciia cac miu vat liéu SisWs va SigW;
(A), (B) SisW5s va (C), (D) SigW1



Két qua phan tich nguyén t6 duoc trinh bay trén hinh 3.4 va
Bang 3.1. Bang 3.1 chi ra thanh phan nguyén t6, thanh phan phan tram
Ve khOI luong va thanh phan phan tram veé sb nguyeén tu trong hop chat.
Ti lé sb nguyén tu Si/W bang 32.95/3.33, tuc 1a xap xi bang ti 16 9 /1
cho thay chat xac tac SioW, da duoc téng hop dung ti l¢.
m £ 1 eI Bang 0.1. Thanh phin miu
xuc tac SigW1

Than | %Kho
h i %Nguyé
R0 2 s vARC Jae Zone phan | luong n tir
Hinh 0.4. Két qua do SEM-EDX | O | 3405 [ 63.72
mAu SisW1 Si_ | 3091 | 3295
W | 2046 | 333

Hinh 3.5 cho thiy dwong ding nhiét hip phu N, ciia mau
SigW1 thudc loai IV, phan loai theo IUPAC. Pwong ding nhiét
hap phu-giai hap phu N, & ti 1¢ 4p suit twong déi P/Po = 0.45-1
hién thi mét vong tré 16n thudng dwge quan sat dbi véi vt lidu
mao quan trung binh.
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Hlnh 0.5. Duong dang nhlet hap H|nh 0.6, Gian db TPD NH;

phy-gidi hap phy Nz va dwdng cqa vat ligu WO; va Si-O-W
phan bé mao quan cua SigW,

Qua trinh tong hop vat liéu Si-O-W di lam ting céc thong sb
dién tich bé mat caa hé vat liéu so véi don oxide WOs.

Puong giai hiap phu TPD-NH; cua cac mau W-0O-Si dugc trinh
bay trong Hinh 3.6. Gian d6 TPD-NH; duoc ghi lai ¢ nhiét d6 50-600
°C.

Vit liéu SigW1 cho thay dung lwong giai hip phu NH3 cao hon
dang ké so v&i mau WOs. Sy hién dién caa cac cum WO;3 phan téan tét
trén SiO,tao ra sé lwong cao hon cac vi tri ¢d tinh acid tir yéu dén trung
binh va manh. Thuc té nay cho thiy rang viéc dua WO3 vao cau tric
SiO, dan dén sy gia ting dang ké ndng do cua cac tam acid trung binh



va acid yéu, gop phan cai thién hoat tinh cuia chét xuc tac. Pac biét la
cac tam acid thugc vung tdm acid yéu va trung binh ¢ dang tdm acid
Bronsted nhu da dugc bdo céo trudc day.

Bang 0.2. Két qua do Hap phu - giai hip N2 va TDP-NH; ciia cac

maiu WO; va SigW;
NH3 (mmol/gxic tic )
Vit | Sper | Viexip | DBiH | Acid yéu | Acid trung Acid Tong
ligu | (m¥g) | (em’/g) | (nm) (150- binh manh luong
300°C) | (300-500°C) | (=500°C) | acid
WO; | 255 0,170 | 30,50 0,131 0,169 0,008 0,308
SioW; | 1734 | 0,046 | 433 0,287 0,424 0,074 0,785

Qua trinh x(c tac di thé 1a qué trinh din ra trén bé mat vat lidu
xuc tac. Do @6, thong tin vé héa tri, ham lugng cua cac nguyén t trén
bé mit cua vat liéu dong vai tro rat quan trong. Mau xuc tac SisW1 duoc
phan tich bai phé XPS véi céc phd phan giai cao cua Ols, Si 2p va

wa
Wty

o
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(A) (B) (©)
Hinh 0.7. Phé XPS ciia O1s(A); Si 2p (B) va W4f (C) ciia SisW

Trong hinh 3.7A, phd O1s cua vat liéu SigW: xuat hién hai
cuong d6 dinh cuc dai ¢ cac nang luong lién két 531,17; 533,09 va
533,97 eV c6 thé duoc gan cho oxi trong cac lién két Me-O (Si-O va
W-0) va lién két O, bi hap phu trén bé mat chét xtc tac. Phd XPS phan
giai cao cua Si 2p cua vat lidu Si-O-W (Hinh 3.7B) cho thiy cac tin hiéu
& 103,86 eV lién quan dén Si 2p. Tuong tw, pho do phan giai cao cia
W.scia vat lidu SigWi (Hinh 3.7C) cho thay céc tin hiéu ¢ 35,28; 37 eV
twong tng v&i W4f7, va 4fs, dic trung cho trang thai W, con céc tin
hiéu & 36,05; 38,13 dic trung cho trang thai W8, Sy xuat hién cua trang
thai oxi hda W* dugc trong doi 1a dang cAu tric chira cac tam acid
Bronsted (W®*-OH) thay vi cac tam acid Lewis (W®"=0). Céc tam acid

10



Bronsted dugc xem dong vai tro chu yéu trong qué trinh tach nuéc cua
phan tir fructose thanh 5-HMF.

3.1.2. P4nh gia hoat tinh ciia chit xic tic Si-O-W
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Hinh 0.8. Anh huéng cia h¢ Hinh 0.9.,Anh huéng cia
chat xUc tac Si-O-W dén hi¢u  nhiét d) den hi¢u suat hinh
suat hinh thanh 5-HMF thanh 5-HMF trén SigW;
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Hinh 0.10. Anh huéng ciia Hinh 0.11. Anh huéng ciia
thoi gian nong do fructose
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Hiéu qua ciia cac chit xic tiac Si-O-W va anh hwéng ciia
nhiét d9 dén hi¢u suit phan tng chuyén héa fructose thanh 5-
HMF duogc trinh bay trén hinh 3.8 va 3.9. Trong hinh 3.8 dé nhin
thiy cac chét x(c tac oxide Si\Ws va SisW; 1a cac chét x(c tac cd
hoat tinh cao nhit trong cic miu vat li¢u Si-O-W véi higu suit
chuyén hda thanh 5-HMF lan lwot 1a khoang 86,8% va 84,3%,
cao hon nhiéu so véi phan wng khong ding xic tac. Véi goc nhin
vé hiéu suit 5-HMF va vé hiéu qua kinh té thi miu Si;W; di dwoc
lra chon cho céc nghién ciiu tiép theo.

Vit liéu SisW; duoc sir dung 1am chit xuc tac dé chuyén hoa
fructose thanh 5-HMF khi khao sat cac diéu kién phan @ng khac nhau
nhu: nhiét d6, thoi gian phan (mg, nong d6 fructose, dung méi phan ting
Ia dimethylsulfoxide (DMSO).

Diéu kién phan ng toi wu cho phan tng tao 5-HMF tir fructose
trén hé xdc tac Si-O-W Ia: nhiét do phan ung 120°C, thoi gian phan (ng
2h, nong do fructose ban dau 5% vé khéi lugng.

Khi tang thoi gian hodc ndng do fructose thi hiéu suit déu giam,
c6 thé 1a do 5-HMF duoc hinh thanh trong qué trinh phan wng tiép tuc
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dugc thuy phan thanh acid levulinic (LA) va acid formic (FA), hoac do
téc do chuyén hda 5-HMF thanh humin cao hon téc d6 phan tng Chuyen
hoa fructose thanh 5-HMF. Chat x(c tac c6 thé tai sir dung 3 lan véi
hiéu suat tao san pham HMF hau nhu khong thay doi nhiéu. Diéu nay
chung to xtc tac SigWi tdng hop dugc 1a loai xdc tac ¢6 hiéu qua cao,
bén vitng va khdng bi thay ddi hoat tinh trong phan ng chuyén héa.
3.2. Vit liéu xic tac Ti-O-W

3.2.1. Cac két qua dic trung cia vit liéu Ti-O-W

Két qua XRD cua cac mau TiOz, WO; va Ti-O-W duoc trinh
bay ¢ Hinh 3.12. Trong Hinh 3.12, céc pic ¢ gbc 20 ~ 23,1; 26,4; 28,6;
33,4; 33,5; 41,3; 49,7 va 55,6° V6i cuong do Ion dic trung cho cau tric
pha monoclinic ciia WOz trong mau tuong ung va TitWa.

Intensity (a.0)

Wavenumber (cnr?)

Hinh 0.12. Gian dd XRD ciia Hinh 0.13. th} FTIR ciia
WOs3, TiO; va Ti-O-W WOQO;, TiO;, va Ti-O-W

Gian d6 XRD ctia mau TiO2va TisW; quan sét thiy pha tinh thé
anatase cua TiO; véi dinh pic ¢ 20 ~ 25,3°, 37,5°, 48° va 55°. Trén cac
gian do nhidu xa XRD cua cac oxit hdn hop TixWio.x, cho thay su chdng
chap cua céac cuc dai nhiéu xa gitta hai pha WOs va TiO,.

Gian d6 FTIR Hinh 3.13, c4c dao dong ¢ 3200-3600 cm ™ duoc
gan cho dao dong cac nhom —OH do cac phan tir nuc bi hap phu trén
bé mat vat liéu. Tan s6 & s6 song 1626 cm™ 1a dao dong udn cua nhém
—OH trong phan tir nuée. Phd hong ngoai FTIR cua mau WO; cho cac
cuc dai hap thy & cac s6 song 931, 822, 764 cm™ dic trung cho cac dao
dong cua lién két W-O. Dao dong & s6 séng 500-800 cm™ dic trung cho
lien két Ti—O cua pha TiO.. Pho FTIR ciia hdn hop oxide cho thay su
chdng chap cua cac cuc dai hap thu cua cac dao dong cia nhém W-O
va Ti-O.

Anh SEM cua vat liéu TiO, va Ti-O-W duoc binh bay ¢ Hinh
3.14 cho thdy cac vat liéu Ti-O-W c6 su két khéi véi hinh dang co ban
1a hinh cau, kich thu6c kha déng nhat.
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Hinh 0.14. Anh SEM ciia vét lidu Ti-O-W Ti;We, (B)TisW5, (C)
Ti5W5, (D) Ti7W3, va (E) Ting

Trong Hinh 3.15, anh TEM cua cac mau vat li¢u TisWs va TisW;
¢6 cac hat nano TiO2 \(a WO; hinh cau, ¢6 kich thuéc hat khoang 10
nm, c&c hat kha dong deu.

Hinh 0.15. Anh TEM ciia vat ligu Ti-O-W, (A), (B) TisWs va (C),
(D) TisW,

Két qua phan tich nguyén t dugc trinh bay trén hinh 3.16 va
Bang 3.3.

e _ Bang  0.3. Thanh
| | phan mau xuc téc
TioW1
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Hinh 0.16. Phé SEM- EDX mAu  [Thanh | %Khdi | %Nguyén
TigW; phén | lwong tr

0 2644 60,83

Ti 46,46 35,73

W 17,18 3.44

Bang 3.3. chi ra thanh phan nguyen t6, thanh phan phan tram
vé khOI lugng va thanh phan phan tram veé sb nguyén tu trong hop chat.
Ti Ié s6 nguyén tir Ti/W bang 35.73/3.44, tic 1a xap xi bang ti 1¢ 9/1
cho thay chat xuc tac SisWi da dugc tong hop dang ti lé.

Puong dang nhiét hap phu giai hdp phu N va duong phan b
kich thudc 16 cua vat liéu Ti-O-W duoc trinh bay ¢ Hinh 3.17, Gian d6
TPD-NH; cua WOs va TigW; dugc trinh bay ¢ Hinh 3.18.

Hinh 3.17 va bang 3.4 cho thiy viéc dua pha WOy va cau tric
TiO, trong mau da 1am ting 1én dang ké céac théng sb dién tich bé mat,
thé tich 16 xp cua vat ligu. Diéu nay la rat thuan loi cho viéc ting sb
lwong tAm hoat tinh trén bé mat xdc tac.

Vit liéu TigW; trén Hinh 3.18 va Bang 3.4 cho thay dung lwong
giai hap phu NHs cao hon dang ké so véi mau WOsz. Su hién dién cua
céc cum WO; phan tan tét trén TiO tao ra s lugng cao hon cdc vi tri
¢6 tinh acid tir yéu- trung binh dén manh. Két qua nay cho thay rang
viéc dua WO3 vao cau trac TiO, dan dén su gia tang dang ké nong do
ctia cac tAm acid, gop phan cai thién hoat tinh cua chét xuc tac.

WOy wo, [rigw,

Aé A(» nh 15 1.'\, eeeeeeeeeee e Tem (7

Hinh O 17 Dlr(rng dang nhiét Hinh 0.18. Gian do TPD-NH;3

hap phu-giai hip phu N, cia cia WO3 va TigW,

WOQO3, TigW; va TiO;

Biang 0.4. Lwong NH; gidi hdp & cac nhiét d9 khac nhau ciia cac
miu WO; va TigW;

Thé tich hép phy, au
°N =2 A <
dV(w),
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Vétliéu | Sper | Visxip | DamE Luong NH; (mmol/gsc tac)

(m%g) | (em/g) | (nm) | Acidyéu | Acid Acid Tong

(150- trung manh lugng

300°C) | binh | (>500°C) | tim acid
(300-
500 °C)

WO; 25,5 0,170 | 30,50 0,131 0,169 0,008 0,308
TioW: | 1484 | 0,144 3,89 0,303 0,217 0,059 0,579

Théng tin vé hoa tri cac nguyén té ¢ bé mat caa vat liéu TigW;
dugc phan tich bai phd XPS.

o1s N2Pw war

Cuerng 4 fau)

Curémg 8 (aa)
Curémg & (aa)

_—= N
42 48 44 42 4 38 3 34 32 A0
T & 285 480 255 a6 Hang lromg lién kit {eV)

Mang lugmg lidn ket (=V) Mang lrong Bén kit (£V]

@ (B) (©)
Hinh 0.19. Phé XPS ciia O1s (A); Ti2p (B) va WA4f (C) ciia TioW,;

38 =N Biz 530 528 w28

Trong Hinh 3.19 gigi thiéu phd phan giai cao WA4f (38 eV),
Ti2p (460 eV), va O1s (533 eV). Trong hinh 3.19A, phé O1s cua vat
liéu Ti-O-W xuét hién hai cudong do dinh cuc dai & céc ning luong lién
két 530,35 eV va 531,42 eV cd thé dugc gan cho Oxi ¢ céc lién két M-
O (Ti-O va W-0) va lién két O, bi hap phu trén bé mat chét x(c tac.
Pho d6 phan giai cao cua Ti2p (Hinh 3.19B) cho thay cac tin hiéu &
459,08 eV va 464,74 eV lién quan dén Ti2p. Tuong ty, phd d6 phan
giai cao cua WA4fF cua vat lieu W-O-Ti (Hinh 3.19C) cho thay cac tin
hiéu & 35,74; 37,82 eV lién quan dén WA4f;; va 4fs,dic trung cho We*
va cdc tin hiéu ¢ 34,75; 36,70 eV dic trung cho W°*.
3.2.2. P4anh gia hoat tinh ciaa chat xdc tac Ti-O-W

Anh huong cia ham lwong W (hay ti 16 mol W:Ti) trong xuc
tac Ti-O-W dén hiéu suat chuyén hoa fructose thanh san pham 5-HMF
duoc trinh bay ¢ Hinh 3.20.
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. Trong Hinh 3.20 ¢6 thé nhan ra rang

" = khi ty I¢ W:Ti giam di thi hiéu suat
i tao 5-HMF ting o rét, cao nhat dat
g 84% tuong ung TigW1. Diéu nay cé
’ T thé duoc giai thich 14 mot lugng nho

SIS WOs3 phén tan tét trén bé mat cua
, . TiO; c6 thé tao nén hién tuong cong
Hinh 0.20. Anh huéng 1,51 gira hai pha, do do hiéu sudt
cua ty I¢ WTi trong chat o, v &n"h6a fructose thanh 5-HMF
xuc tac Ti-O-Wden hiéu 00 Ty két qua thu dugc, x(c téc
suat hinh thanh san pham - Tjow, duoc lua chon cho cac nghién
>-HMF ctu tiép theo.
Céc yéu t6 anh huong dén hiéu suét phan tng tao 5-HMF tir
fructose trén xc tac TigW; trong dung mdi DMSO gdm: nhiét do, thoi
gian, ndng do.

bt HMF (%)

Higu sisit HMF (%)

Higu s

Hinh 0.21. Anh hwéng cia Hinh 022, Anh hu’trng
thoi gian cia nhiét do

Hinh 0. 23 Anh hmrng caa Hinh 0. 24 Do ben cua
nong d chét xuc tac TigW;

Diéu kién phan ting tdi wu cho phan wng tao 5-HMF tir fructose
trén hé xdc tac Si-O-W la: nhiét do phan ung 120°C, thai gian phan ung
2h, ndng do fructose ban dau 5% vé khéi luong.

Chat x(c tc dat hiéu qua cao, bén viing sau 3 lan téi sir dung.

3.3. Vit liéu xtc tac Zr-O-W
3.3.1. Két qua dic trung cia vat liéu Zr-O-W

Ciing twong tw nhu cac hé xuc tac Si-O-W va Ti-O-W, dé tao
pha oxide Zr-O-W, nhiét d6 nung téi thiéu du kién la 400°C. Két qua
XRD cua ZrO,, WOz va Zr-O-W dugc trinh bay ¢ Hinh 3.25.

16



Hinh 0.25. Gian

(A) (8) 3
¢\ do XRD goc hep
3\3 = ;c\":::ﬁ (A) va goc rong
2R gz [ I A s (B) caa cac mau
:&——X— el VAt liGu WO,
o e W]  ZrO;vaZr-O-W

2 4 6 8 10 20 30 40 50 60 70
26 (degree) 26 (degree)

Trong Hinh 3.25A, gian dd XRD g6c hep caa cac mau vat lidu
ZrsWs, Zr\Ws, ZroWi, ZrO; xuét hién mot pic & goc 20 ~ 1,2° dic trung
cua vat lidu xbp, c6 ciu trdc mao quan trung binh. Nhu vay, Viéc sir
dung chat hoat dong bé mat P123 trong qué trinh tong hop da tao ra vat
liéu cau trdc x6p, mao quan trung binh. Gian d6 XRD g6c rong (Hinh
3.25B) cua vat liéu ZrO, xuét hién cac pic & goc 20 ~ 30,2; 49,8 va
60,0° dic trung cho pha tetragonal cua oxide ZrO,. Diéu nay cho thiy
viéc nung zirconia- vonfram dan dén su hinh pha tetragonal cua ZrO;
chiém wu thé cao hon so véi pha monoclinic. Vat liéu WOs cho thay
Xuit hién cac pic dic trung cho ciu trdc pha monoclinic cia WO3 ¢ g6c
20 ~ 23,1: 26,4; 28,6; 33,4: 33,5; 41,3: 49,7 va 55,6°. Ngoai ra, gian do
XRD cuia oxide hdn hop ZrO, va WO;3 (ZrsW7, ZrsWs, Zr;Ws) khong
thiy sy xuat hién cua cac pic ddc trung cho pha tetragonal ctia oxide
ZrO, va pha monoclinic cua WOs. Diéu nay c6 thé do cac oxide hon
hop ZrWiox (x: 3,5,7,9) ton tai dudi dang vi tinh thé va ciu truc vo
dinh hinh.

Cac dao dong ¢ sb séng 3200-3600
cm? duge gan cho dao dong cua cac nhém —
OH, do céc phan tir nude bi hap phu trén bé mat
vat liéu. Phd FTIR cua mau ZrO, ¢ cuc dai hap

o thu & viing s6 séng 400 — 800 cm™* wng voi dao
e dong cua lién két Zr-0. Pho hong ngoai FTIR
Hinh 0.26. Phé cta mau WOs ¢ cuc dai hap thu ¢ c&c so séng

FTIR ciia ZrQ,, 931, 822 va 764 cm™ dic trung cho cic dao
WO, va Zr-O-W  dong W-O. Phd FTIR cuaa hén hop oxide cho
thiy su chdng chap cua cac cuc dai hap thu cua

céc lién két Zr-O va W-0 trong mau.

Trong Hinh 3.27, anh TEM cua vit liéu Zr-O-W ¢6 dang hinh
cau, c&c hat c6 kich thudc nhoé (5-10 nm), kha dong nhat. Hinh anh TEM

Transmittance (%)

&
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cho thy chét xc tac ZrgW: duoc hinh thanh tir su két tu cua céc hat
nano hinh cau c6 kich thudc duong kinh tir khoang 5 dén 10 nm.

Két qua nay dudng nhu phu hop véi mau XRD goc rong cua
n6 duoc quan sat thay khi mau cé do tinh thé kém cua pha tir dién ZrOs.
Dé 1am rd hon cau tric vi té bé mat cua chat x(c tac, anh HAADF ciing
dugc thuc hién trén chat xdc tac ZoWs. Ngudoi ta nhan thay rang co cac
cham sang hoic ving sang & kich thudéc nano trén bé mat mau, tuong
g véi nanocluster WO duoc bao boc béi chat mang ZrO, théng qua
lien két cau oxy.

Hinh 0.27. Anh TEM ciia cic mau vét lidu Zr-O-W (A), (B) ZrsWs
va (C), (D) Zro\Wi

Trong anh STEM-HAADF, cac diém sang c6 duong kinh da
dang tir khoang khoang 1 nm, twong &tng véi cac kich thudc khac nhau
ctia cum nanocluster WOx. Ngoai ra, nhidu khu vue c6 kich thuéc nano
sang quan sat dugc la do cac cum nano WOx.

Hinh anh STEM — mapping cho thdy W duoc phan bb dong
nhét trén bé mit chat xuc tac. Piéu nay cd thé khiang dinh vu diém cua
phuong phap sol-gel trong nghién ctu nay cho phép tranh pha WO, co
cum dang hat hoic dang polytungstate, 1am giam sé lugng tam xUc tac
trong chat xdc tac trén co s¢ WO
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(A, B), HAADF(C,D) va STEM-MAPPING
(E, F, G, H) ciia miu vat liéu ZroW;

Céc mau vat ligu Zr-O-W ciing duoc phan tich thanh phan
nguyén té bang phuong phap SEM-EDS. Hinh 3.29 trinh bay két qua
EDS cuia mau vat liéu ZrsWs. Bang 3.5 cho thay c6 sy khac biét khdng
nhiéu vé ti 1& mol Zr/W giira tinh toan Iy thuyét va két qua do thuc
nghiém do bang phuong phap EDS.

; Bang 0.5. Ti I€¢ mol Zr/W ciia céc vat

ligu Zr-O-W
Miiu Ti 1§ Ze/W (Iy thuyét) | Ty 1§ Ze/W (thyre nghi¢m)
ZrsWs .00 1.00
e S T < T ZriWr 0,49 | 0.43
N p ‘ ZrWs 0,08 0.11
Hinh 0.29. Két qua do ]

SEM- EDX mau ZrsWs

Puong dang nhiét hap phu giai hap phu Nz va duong phan bd
kich thuéc 16 cua vat liéu ZrO, va Zr-O-W duoc trinh bay & Hinh 3.30.
Dién tich bé mat riéng (Sget), thé tich mao quan (Vpore) va duong phan
bé 16 x5p cua cac mau ZrO,, WOsva Zr-O-W dugc thé hién & Bang 3.6.
Quan sat két qua thu duoc trén bang tong hop cd thé thiy khi ham
lwong W trong oxit hdn hop Zr-O-W giam thi dién tich bé mat riéng
tang va dat gia tri cuc dai tai Sger = 106 m? ddi v&i ZroWi. N6 duong
nhu pht hop véi trang thai do tinh thé kém cua oxit hdn hop. Su thay
ddi nay c6 thé duoc giai thich 1a do su c6 miat cua pha ZrO2 ngin chin
su phét trién cua cac mam tinh thé WO,
Bang 0.6. Céc théng sé hoa

| o, 2 ® oz, ) )
-T%,,.J i I ciia ZrOz, WOs va Zr-O-
5 Bt |
3;; = > SBET Vpore
Vit (m?g | Dpore | (cm3/
li¢u ) (nm) g)

Ap sult tirong abi (P/Po) DBuong kinh (m)

i} S WO; | 25.5 | 30,5 0,17
Hinh 0.30. (A) Pwong dang ZriWe | 617 | 7.04 | 0,18
ey L A cae 1 A ZrsW7 | 514 | 608 | 0.1
nhiét hap phu-giai hap phu N> ZrsWs | 982 | 4.88 | 0.08
Zr;Ws | 94.4 | 3,78 | 0,19
ZroW; | 1064 | 520 | 0.14
ZrO, | 40,3 | 4,88 | 0,08
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va (B) dwong phan bd mao
quan cuaa Zr-O-W

Bang 0.7. Lwong NH3 giai hap ¢ cac nhiét d9 khac nhau ciia WOs,

Zro\W,
Lwong NH3 (mmol/gxic tic)
Vit liéu Acid yéu Acid trung binh Acid manh Tong luong
(150-300°C) (300-500 °C) (>500°C) Tam acid
WOs3 0,131 0,169 0,008 0.308
ZroWi 0,333 0,401 0,035 0.769

Trong Bang 3.7 trinh bay luong NHs giai hép phu & cac nhiét
d6 khac nhau cua cac mau WOz va ZrsWi. Bang 3.7 cho thiy dung
lwong giai hap phu NHj cia ZroW; cao hon dang ké so v&i mau
WOs. Thyc té nay cho thziy rang viéc dua WO3 vao céu trac ZrO; dan
den su gia tang dang ké nong do cua cac tam acid trung binh va acid
yéu, gop phan cai thién hoat tinh cua chat xtc tac.

Pho WA XPS-XPS cho thiy bdn cuc dai ¢ 35,8; 35,94; 37,75
va 38,31 eV. Trong do, cic cuc dai ¢ ning luong lién két 35,94, 38,31
eV ng véi cac obitan We*4f,,, W8*4fs, va 35,8;37,75 eV ing véi cac
obitan W5*4f7,, W5*4fs;,. Diéu d6 cho thiy sy cing ton tai cua cac vi
tri acid Lewis va Bronsted, twong ng véi cac trang thai oxy hda W6*
va W**,

Intmsity fa.5)

ity (as)

m:m(ﬂ'l

Hinh 0.31. Phé XPS ciia O1s; Zr3d va WAf ciia miu ZroWi.

3.3.2. Panh gia hoat tinh cia hé chat xdc tac Zr-O-W
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Hinh 3.32 cho thdy khi giam ham
B O3y 2 " lugng WOs trén chat mang ZrO, hiéu suat
tao 5-HMF tang rd rét. Bac biét, cac chat
xUc tdc Zr;Ws va ZrsWi cho hiéu suat
ﬁ chuyén hoa fructose thanh 5-HMF cao
& CE S 7 hon rd rét so vé6i chét xdc tac Zr-O-W
Hinh 0.32. Anh hwéng khac va véi ZrO, va WO riéng lé. Mot
cia ty 1& Zr-O-W dén luong nhd WO; phan tan tét trén bé mat
higu suat tao 5-HMF  cua ZrO; tao nén hién tugng cong huong
giira hai yéu tb, 1am cho hi¢u SUAt ting.
Hon nira, dang ttr dién ZrO; lién két véi cau tric bat dién [WOs]
c6 thé tao ra cac khuyét tat dan dén ting sb lwong tam acid bronsted. Tur
cac két qua trén, co thé thiy su két hop dong thoi céc oxide kim loai
ZrO, va WO3 di cai thién hiéu suat phan wng chuyén héa fructose thanh
5-HMF. Nhu vay, chat xic tac ZrsWs cho hiéu suat chuyén hoa fructose
thanh san pham 5-HMF tét nhét, dat 95,8%. Xc tac nay ciing duoc lya
chon cho céc nghién ctu tiép theo vé anh huong cua nhiét do, thoi gian,
nong do dén hiéu suat phan ung tao 5-HMF tir fructose. Cac yéu tb anh
huong den hiéu suat phan ung duoc trinh bay trén hmh 3. 33 3.34,3.35.

H
H
o (<) hot gianphi

b 48 Fracsass et

2
s

58.1

2

Higu st HMF (%)
&
w
-
-

¥

Hinh0.33. Anh  Hinh 0.34. Anh Hinh 0.35. “Anh
hudéng cia nhiét hwéng cia thoi huéng cia nong do
do gian

Tir c&c hinh trén cho thiy diéu kién khao st ti wu la: 120°C,
2h, nong do fructose 5% vé khdi lugng. Thay doi cac diéu kién trén co
thé dan toi gia ting qua trinh tao humin, hodc céc san pham phu khac,
do d6 1am giam hiéu suat phan ung.

[FETERRTER Hinh 3.36 cho thay sau 3 lan
tai sir dung hiéu suit tao san pham
hau nhu khong thay doi nhiéu, van
Xap xi 95%. Bidu nay ching té xdc

s i e zown 0 tac ZroW; tong hop duoc la loai
Hinh 0. 36 D bén ciia chit xic xUc tac c6 hiéu qua cao, bén viing
tac ZrsWitrong phan ing ta0 s yhang by thay déi hoat tinh
5-HMF tir fructose N PO
trong phan ttng chuyén hoa.

u sudt HUF (%)

His
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3.4. So sanh hi¢u ning cac vat liéu MeyW1 (Me: Si, Ti, Zr)
3.4.1. Giéi thiéu chung

Cac vat liéu xuc tac Me-O-W hay MexW1ox (Me: Si, Ti, Zr; x
=0,1,3,5,7,9,10) déu da duoc tong hop bang phuong phap solgel va
Xac dlnh ciu trdc bang céc phuong phap phén tich hién dai. T4t ca cac
vt liéu xtic tac déu thé hién tinh acid trong phan tng khu nuac fructose
thanh 5-HMF va déu cho hiéu suat tong hop 5-HMF cao hon so véi
truong hop khong dung xdc tac. Trong mai day oxit trén, hoat tinh xuc
tac cua cac mau déu ting dan theo X va dat gia tri hi¢u suét rat cao voi
c4c mau MegWs. D6 chinh 1a ba mau vat liéu xtc tac dién hinh caa ba
ddy oxide kim loai trén. Trong phan nay ching toi trinh bay su khac
biét vé cac tinh chét hinh thai hoc, bé mat cua vat liéu MegW; dan dén
su khac nhau vé hiéu suit phan ung tong hop 5-HMF tir fructose.
3.4.2. Két qua dic trung nhiéu xa tia X (XRD) ciia vat ligu MesW;
(Me = Si, Ti, Zr).

Cac céu trlc vi tinh thé cta cac vat ligu SieWs, TisW1, ZrsW

dugc thé hién trén pho nhidu xa tia X goc rong. Trong hinh 3.37A, pho
XRD cua SigW1 c6 cac pic déc trung cho pha monoclinic cia WOs, con
TioW1 va ZreW; déu chi thay cac pic dic trung cho pha anatase cta TiO2
va pha tetragonal ctia ZrO; trong hon hop. Tuy nhién ca ca ba mau TS9,
TT9, TZ9 diéu ché theo phuong phap ngdm tam (Hinh 3.37B) déu co
cac pic déc trung cho pha monoclinic cia WOs.
- Hinh 0.37. Gian @6
XRD g6c rong caa
MesW1(Me: Si, Ti,
Zr) (A) va cac mau
wor  viat ligu WO3/MeO:2 so
=  sanh (B)

Curémg d6 (a.u)

Curémg 4§ (a.u)

2 theta (dd) 2 theta (46)

Nhu vay la vai cung ti 1€ W/Me =1/9, trong phuong phap ngadm
tam, WOs chi phén tan duoc trén bé& mit cua cac chat mang MeO; (ciing
dugc diéu ché bang phuong phap solgel & trén).
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3.4.3. Anh STEM-HAADF ciia vét liéu MesW:(M = Si, Ti, Zr).

" e

A 8 ®) (E)

Hinh 0.38. Anh STEM va STEM-HAADF ciia vit liéu Zr-W-O
(A, D), Ti-W-O (B, E), Si-W-O (C, F).

Hinh 3.38 cho thay céc chit xtic tac déu duogc td hop tir cac hat
nano cé kich thugc véi duong kinh 4-8nm. Kich thudc hat cua chat xuc
tac TioW1 VA ZrgWs 16n hon mot chit so vai chat xuc tac SisWi. Trong
anh STEM-HAADF, cac vung sang tuong tng véi pha WOy vi W 14
nguyén t6 nang nhat trong cac oxide hdn hop. Di véi chat xdc tac
ZroWi, ¢6 thé thay ring bén canh cac WO, monotungstate don 1¢, cac
cum nano-cluster WOy chiém mat ti 1& kha 16n. Cac két qua thu duogc
tuong tu cling duoc quan sat thay vaéi chat xuc tac TigWi, véi nhiéu vi
tri cum nano-cluster WOx bao gom mét s6 nguyén tor W. Trén mau
SigW; cho thay cac dém sang c6 duong kinh dao dong tir khoang 1-3
nm, twong tng voi cac cum nano-cluster WO,. So véi cac truong hop
cua ZrgWi va TigWi, cdc cum nano WOy trén SigWs I6n hon va phan
tach nhau ro rang hon.

3.4.4. Puong dang nhiét hap phu-giai hap phu N2 va tinh chit acid
cua vat lieu MeyW: (Me = Si, Ti, Zr).

Puong dang nhiét hip phu giai hap phu N va duong phan b
kich thuéc 16 cua vat lieu MesW: (Me: Si, Ti, Zr) duoc trinh bay ¢ Hinh

wwwwwwww [zrow,

Itensiy (1)

iy
Inersiy (1)

rrrrrrrrrrrrr Te mperature (-C)

Hinh 0.40. Gian d6 TPD-
NH3 cua Vi:it liéll Me9W1
(Me: Si, Ti, Zr)

Hinh 0.39. Puong ding nhiét hip
phu giai hiap phu N>(A) va duong
phan bd kich thwére 16 ciia vat
liéu MesWy(Me: Si, Ti, Zr) (B)
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Bang 3.8 cho thay vat lisu MesW; (Me: Si, Ti, Zr) cé dién tich bé mat
I6m, va duong kinh trung binh 16 x6p 16n, thuan loi cho qué trinh khuéch
tan cac chat tham gia phan @ng téi bé mat chét xdc tac.
Bang 3.8. Mét s6 tinh chit hinh thai, bé mit cia x(c tac MesW;
(Me: Si, Ti, Zr)

SmET Vpors Dem Lugmg NH: (mmol/geic ) W WS Hiéu
- (m*g) | (cm’/g) | (nm) Acid Acid Acid Tong sudit
Miu

véu trung manh lugng tao 5-

(150- binh | (= tam HMF

300°C) | (300- | 500°C) | acid
500°C)

WO, 25,5 305 0,17 0.131 0.169 0.008 0.308 - 58.1
ZryWh 106.4 0,137 5.20 0.333 0.401 0.035 0.769 0.48 958
TisW) 1484 0.144 3,89 0.303 0.217 0.059 0.578 0.30 840
Sis W1 1734 0.046 4.33 0.287 0.424 0.074 0.785 0.09 843

Nhu vay, c4c vat liéu MesW; cho thdy dung luong giai hap phu

NH3 déu cao hon dang ké so véi mau WOs. Sy hién dién cua cac cum
WOs phan tén tdt trén MeO; tao ra sb luong cao hon cac vi tri ¢6 tinh
acid tir yéu dén trung binh. Thuc té nay cho thdy ring viéc dua WOs3
VAo cau tric MeO; dan dén su gia ting dang ké nong do cua cac tam
acid trung binh, gép phan cai thién hoat tinh cua chat xuc tac.
3.4.4. So sanh vé hiéu qua xuc tac

Hiéu qua cua cac chit xic tac duoc danh gia thong qua qua trinh
chuyén hoéa fructose thanh 5-HMF véi cac diéu kién phan tng khac
nhau: nhiét 46 phan ung, thoi gian phan ting va ham lugng fructose

80
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g
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Hinh 0.41. Hlell suat HMF trén xuc tac MeyW; (Me: Si, Ti, Zr) va
WO3/MeO, tong hop bing phwong phap ngim tim .

Két,qué so sanh cho thiy giira cgc oxit Me-O-W, xdc tac ZrgW:
cho hiéu suat tao thanh 5-HMF cao nhat, dat 95,8%. Theo sau xUc tac
ZroWq la Ting va Sing cé hléu suat 5-HMF Xﬁ.p Xi béng nhau, dat
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84%. Ngoai ra, c6 thé thay, so véi xiic tac WOz va xtic tac hdn hop dugc
tong hop bang phuong phap tim WO; /MeOz, xuc tac hon hop Me-O-
W thé hién hoat tinh vuot tréi hon han.

Dé danh gia sy khéc biét nay cua xic tdc Me-O-W, céc tinh
chat bé mat vat lidu can duoc so sanh. C6 thé thiy rang hoat tinh xuc
tac khong ti 1& vai dién tich bé mit riéng trén d6 pha hoat tinh duoc
phan tan cua vat liéu, ma duong nhu ti 18 thuan véi lugng tam acid yéu;
0,333 mmol/gx: (ZreW?s) > 0,303 (TigW1 > 0,287 mmol/gx: (SisW1). Pay
1a céc tam ung véi su giai hdp NHs ¢ viing nhiét do 150-300°C, sat Voi
vung nhiét d¢ khao sat cua phan tng. Bén canh do, cling nhén thay rang,
kich thudc trung binh duong kinh 15 xop cua x(c tdc mao quan cd thé
dong vai tro quan trong cho qua trinh khuéch tan chét phan ang. Véi
goc do ndy, rd rang xuc tac  ZroWi (dis xép = 5,20 nm) thé hién tinh wu
viét hon so voi XUc tac TisW1 (dis xép = 3,89 nm) va SieW1 (dis xép = 4,33
nm) (Bang 3.6). Ngoai ra, can luu y rang, két qua XPS cho thiy, ti 1¢
tam acid duoc gan cho tam bronsted W5*-OH trén tam Lewis W®=0
1a rat cao trén xUc tac ZreW1, dat 0,48. Trong khi trén xdc tac TieW; va
SigW; chi 12 0,30 va 0,09. Tét cac dic tinh ndy tao nén hiéu ttng cong
két 1am ting manh hiéu suat tao 5-HMF trén x{c tac ZroW,.

Sy ting manh hoat tinh cua oxit hdn hgp Me-O-W khi ¢6 ham
lugng W thap (W/Me = 1:9) ciing di dugc chi ra trong mot s6 nghién
ctru trude day do sy tao thanh cac nanocluster chira cac tdm c6 hoat tinh
cao. Cac nghién ctru di cho thiy khi ham lwong W thp, c6 mat do bé
miat W trong khoang 4-8W/nm?, thi cau trac nanocluster ¢o lap chiém
mot phﬁn 16n va duge coi 1a cAu trac chira tAm hoat dong cao nhét cua
pha tinh thé WO3 [137][99]. Trong trudng hop cia ching toi, dua trén
phan tich XPS, mat do bé mat W lan luot 12 4,3; 9,7; 7,3 W/nm? dbi véi
ZroW1, TisWi, SigWi . Cac gié tri nay kha gan voi mat do bé mat W c6
hoat tinh xuc tic cao nhat d3 néu & trén. Hoat tinh xuc tic cao & ham
lugng W thip cling dugc quan sat thay trén cac chat xuc tac Nb-O-W
cho phan ung thity ph&n sucrose va hydrat hoa glucose, mannose

3.5. Pé xuét co ché phan ing khir nwéc cia fructose thanh 5-HMF

Giai doan 1, tach phan tir nuéc thir nhat tao ra san pham trung gian (1).
Cac phan ung duoc trinh bay trén hinh 3.48.
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HOH,C o CHOH HOHC o. GHOH HOMG ° CHzOHHOH .
o] Ol [e]5,2% 2 o
CHOH
OH +OH,
HO HO HO +H,0
fructose H HO (1) H
o, \ o, o o, o o, \o
\Wm/o\w_m/o \WGKO\W&/ \W&/O\Wm/ \W&/O\Ws*/
= = 2 = = 2
O/l |\O O/l |\O O/l |\O O/l |\O
o o o o o o

A
(o) o
-H+ +H+
MeO,(Me: Si, Ti, Zr) MeO,(Me: Si, Ti, Zr)—|MeO,(Me: Si, Ti, Zr|—>|MeO,(Me: Si, Ti, Zr,

Hinh 0.42. Co ché tach phan tir nwée thir nhit tir fructose

Giai doan 2, tach phan tir nudc thir hai tao ra san pham trung gian
(2). Cac phan tng dugc trinh bay trén hinh 3.49.

HOH,C o HOHG o HoH2Q o 2"
HO, CHOH @ZCHOH CHOH
<
@ N
HO H\ HO Ho +H,0
- o,
O\WM/O\WS’/ © O\WG‘/O\WS,/ © \Ws‘/o\ws’/ ©
_— 2 = = e
O/‘ o O/‘ ‘\o o/‘ ‘\o
o o o o o o
+ . -
MeO,(Me: Si, Ti, Zr, —H . MeO,(Me: Si, Ti, Zr, _— MeO,(Me: Si, Ti, Zr;
HOH,C o S+ HOH,C o
=—=CH===OH CH=0
<~ <
HO HO  (2) H
o] - O, o. o
\WE‘/O\W&/O e Swa
=1 TS =1 TS
o o o o

.
——|MeO,(Me: Si, Ti, Zr, —=H MeO,(Me: Si, Ti, Zr

Hinh 0.43. Co ché tach phén tir nuée thi hai

Giai doan 3, tach phan tir nu6c thir ba tao ra sin pham cudi cing 1a 5-
HMEF. Céc phan ung duogc trinh bay trén hinh 3.50.

HOH,C ° HOH,C ° HOH,C °
ch—o cH=o cH=o0
7 2 7 7
@ S
HO=—mmmmeee H +OH, Chuyén vi +H,0
o, o o. o. o~ o, o. o
<o S S
o | | S o= o0 o= 0
o o

6 O
=

.
MeO,(Me: Si, Ti, zr)) _——H MeO,(Me: Si, Ti, Zr) — = MeO,(Me: Si, Ti, Zr
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-
— = |MeOy(Me: Si, Ti, Zr] +4H> MeO,(Me: Si, Ti, Zr

Hinh 0.44. Co ché tach phén tir nwée thir ba tao thanh 5-HMF

Nhu vay, trong cac vat liéu xuc tac Me—_}O—W, tam acid Bronsted
dong vai tro nhuong proton H* cho fructose dé thuc hién qué trinh kh
nuéc thanh 5-HMF.

KET LUAN

1) Céc chit xuc tac Si-O-W, Ti-O-W va Zr-O-W dugc tong hop
thanh cong bang phuong phap sol-gel. Gian dd XRD cho thay ton tai
WQ; trong xuc tac Si-O-W, TiO; anatase trong Ti-O-W va tetragonal
ZrO, trong Zr-O-W trong cau trdc khi nung ¢ 400°C. Tir két qua SEM,
TEM, HRTEM-HAADF cho thdy pha WO phén tan dong déu trén bé
mat vat liéu va WOy c6 duong kinh nho hon 2,5 nm. Phd XPS chi ra su
ton tai cua W, W°* @i vai cac chat xuc tac. Phoé TPD-NH; cho thay
su gia ting manh mé& sé luong céc tam acid trong cac oxide hdn hop
Me-W-O.

2) Trong cac hé chat xdc tac Si-O-W, Ti-O-W va Zr-O-W, cac
chat xtc tac SigWi, TigW1 va ZroW; thé hién hoat tinh cao trong phan
g téng hop 5-HMF tir fructose, vai hiéu suét lan luot 1 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 vai mau oxit riéng 1¢, do hiéu tng
cong huong gitra hai pha oxit MeO. va WOy, dac biét 1a sy phan tan caa
cac cum nanocluster WOy trén pha nén MeO,. Céc yéu t6 anh huong
dén hiéu suat chuyén héa fructose thanh 5-HMF nhu ti 16 Me/W, nhiét
do, thoi gian, ndng do fructose, dung mdi phan tmg da dwoc khao sat.
Diéu kién phan ung tdi wu trong phan tng chuyén héa fructose thanh 5-
HMF: thoi gian phan ang 2h, nhiét do phan tng 120°C, nong do
fructose 5% khdi lugng va dung mdi DMSO. Cac mau vat liéu SigWi,
TisW1 va ZrgW; ¢6 hoat tinh gan nhu khong d6i sau 3 chu ky phan ang.

3) So véi xic thc WOz oxide, cac chat xdc tac SioWs, TigWi va
ZrgW; cho thay hoat tinh vuot tréi hon, dic biét déi vai truong hop xuc
tac ZroWi. Chét xuc tac ZroW: c6 hiéu suit chuyén héa fructose thanh
5-HMF cao nhit (95,8%). Két qua nay duoc chi ra la so su cong két cac
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dac tinh thuan lgi c6 dugc trén xdc tac ZreWi nhu; su gia tang tim acid,
duong kinh mao quan rong hon thuan lgi cho khuéch tan va su phan tan
rd nét mot cach déu din cac cau tric nanocluter trén nén ZrO,. Cac dic
tinh wu viét ndy trén xdc tac ZreW; da cho thay su vu viét cua phuong
phép solgel trong tong hop xuc tac trén co sé WO cho phan ing chuyén
hoa fructose thanh 5-HMF.

NHUNG PONG GOP MOI CUA LUAN AN

1. Céc chit xuc tac kiéu oxit hdn hop Me-O-W (Me: Si, Ti, Zr) véi cac
ti 16 khac nhau Me/W lan dau tién duoc tong hop thanh cong bang
phuong phap sol-gel véi tién chat WClg va Si(OCzHs)a, Ti(OC2Hs)a,
ZrOCl,

2. CAac nghién ctru dic trung cu triic da chi ra cac hat nanocluster WO
duong kinh 1-2 nm da duogc hinh thanh va phan tan kha dong déu,
khdng bi co cum thanh céc hat I6n khi sir dung phuong phap sol-gel,
dic biét 1a trén xuc tac ZrsW:. Dong thoi, noi dung nghién ctru ciing
dé chi ra wvu diém vé su hinh thanh thuan loi va bén hoa cac pha
nanocluster WOy trén nén oxit so véi phuong phap tam thong
thuong.

3. Di nghién ctru mot cach co hé théng chuyén hoa fructose thanh
HMF trén xdc tac Me-W-0. Két qua cho thay hiéu suat tao thanh
HMF rit cao, dic biét trén ZroW,, dat 95,8%. Két qua nay vuot troi
hon xuc tac tong hop theo phuwong phap tim Zre/W: véi cing diéu
Kién ti 16 mol W: Zr = 1:9, hiéu suat tao 5-HMF chi dat 81,6%. Pay
ciing 1a két qua ndi troi so véi cac két qua nghién ctu khac.

4. Nghién ctru da chi ra didu kién téi wu 1a cho phan ung Ia: nhiét do
phan &ng 120°C, thoi gian phan &ng 2h, ndng do fructose 5% (khéi
luong) trong dung méi DMSO vai su ¢6 mat ctia 100 mg xuc tac.
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