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Series of WO3/MeOy(Me: Zr, Ti, Si) oxides were synthesized by
impregnationmethod with 1.9 atomic ration of W:Me.The oxides were
characterized by various techniques such as XRD, IR. The XRD patterns

showed the crystalline structure of ZrO;, TiO,,WOs3 and amorphous of
SiOz. They were formed in tetragonal, anatase, monoclinic phase
structure. All oxide and mixed oxides were estimated its catalytic activity
through fructose conversion into 5-hydroxymethylfurfural in DMSO
solvent. The results indicated that all mixed oxides owned good catalytic
activity for the reaction in comparison with case of only presence DMSO
solvent. Especially, The oxide WOs/ZrO, showed the best HMF vyield,
81,6%, at experimental conditions. This property could be due to the
well dispersionand acidity of nano cluster WO3 on the surface s of
oxides MeQO.
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cac hudng chuyén hoéa ti glucose la phan ting dong
phan hda glucose thanh fructose, réi tU do thuc hién
Ngay nay, sinh khéi lignocellulose dang 1a mét trong  Phan tng tach ba phan tif nu6c nhd xdc tac axit, gitt lai
nhitng ngudn nguyén liéu dugc quan tdm dac biét dé di vong nam canh chifa oxi dé tao ra 5-
san xudt ra cac sadn phdm nhién liéu tai tao hoac cac hydroxymethylfurfural (HMF) [2].

hoa chat khac. Sinh khdi Iignogellulose c6 thé ké ra Cellulose Hydrolysis - somgr

nhu rom ra, bd mia, cac cay trong khdng cho lucong

“ A . -3H,0
thuc,... BO la ngudn sinh khdi co san, ré tién, khong HO e

canh tranh vai dat trong néng nghiép [1, 2]. \\QJ

Gidi thiéu chung

Lignocellulose thuong dudc dem thiy phan thanh

glucose, tir do ¢ thé chuyén hoda theo nhiéu hudng
khac nhau nhu: 1én men rugu, hidro hda thanh
sorbitol, oxi hda thanh acid glutamic,... Mot trong s6

Hinh 1: So do chuyén hoa ti sinh khéi thanh HMF

Phén (Ung tach nudc tU fructose thanh HMF da duoc
rat nhiéu cac tac gia nghién clru trén cac xdc tac dong
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thé nhu cac axit vé ca HCl, H3PO4 hay cac axit Lewis la
mudi nhu AlCl3, SnCls, CrClo[3][4]. Phan Uing cling dugc
quan tam nghién clu vdi cac chét xic tac di thé nhu
cac nhém xdc tac siéu axit (ZrO»/S04, ALOs-
7r0,/S04%), di da axit HsPW120.0), nhua trao déi ion
(Amberlyst 15), oxit (TiO;-ZrOy) [5][6]. Trong cac dang
xUc tac oxit, WO3 dugc biét dén nhu mét xic tac axit
ran manh, co hiéu Ung xuc tac tét trong nhiéu phan
Ung htu cad [7]. Trén dinh hudng do, trong bai bao nay
ching téi tién hanh téng hgp xuc tac oxit WO3/MeO-
(Me: Zr, Ti, Si) va danh gié hoat tinh xUc tac trong phan
Ung chuyén hoa fructose thanh 5-
hydroxymethylfurfural.

Thuc nghiém va phucng phap nghién cdu
T6ng hgp va ddnh gid ddc trung xuc tdc
Téng hop cdc oxit MeO, (Me: Zr, Ti, Si)

Céc hda chat sir dung déu dat do tinh khiét phan tich:
ZrOC.8H,0 99% (Trung Qudc), Ti(C2H50H)4 99 %
(Sigma Aldrich), Si(OCoHs)a 99% (Sigmal aldrich),
C2H50H 99% (Trung Qudc), P123 (Sigma Aldrich). Quy
trinh téng hop nhu sau: hoa tan 1g copolyme P
trong 10 ml etanol, khudy manh cho dén khi tan hét
chét ran. Sau dé cho thém vao dung dich trén trén
lugng ZrOCl.8H,0 hodc Ti(C2H50H)4
ho3cSi(OCoHs)4, da hoa tan trong CoHsOH 99%. HOn
hop dugc khudy & nhiét do thuong trong khoang 2
gi¢. Sau khi d& hoan thanh viéc khudy, hdn hop dugc
dem gia héa & 40°C trong 5 ngay, sau do dugc sédy &
40-60 dé trong 24 gia dé lam bay hai dung méi. Cudi
cung, chét rdn dugc nung trong khong khi & 400°C
trong 5h, vdi t6¢c d6 gia nhiét 1 phut/dé.

Tong hop cdc oxit WO3/MeO, (Me: Zr, Ti, Si)

Can mot lugng xuc tac MeO; (Me: Zr, Ti, Si) va WCle
99% (Merk) theo ti 1é mol 9:1 réi thém 10 ml dung moi
etanol, khudy hén hap trong 2h. HOn hop sau dé dugc
dem sdy & 40-60 do6 trong 24 gic dé€ lam bay hai dung
moi. Cudi cung, nung chét ran & 400°C trong 3h vdi
téc do gia nhiét 1 phut / dé. Cac xuc tac WOs/ZrO,,
WO;3/TiO,, WO3/SiO; dugc ky hiéu tuong Ung la TZ9,
TT9, TS9.

Cé&c xUc tac dugc danh gia cac dac trung tinh chat, céu
tric bdi cac phuong phap hoa ly nhu nhiéu xa tia X
(XRD) trén may Bruker D8, phé hdéng ngoai (IR) trén
may FT-IR 8101M Shimazu va ph& SEM-EDS trén may
JEOL JSM-7600F X-Max.

Bdnh gid hogt tinh xdc tdc

Hoat tinh xUc tac dugc danh gia qua phan Uing chuyén
hoa fructose thanh 5 - HMF. Hé phén Ung dugc thuc
hién trong binh cau ba c6 ndi véi sinh han xodn. Quy
trinh danh gia hoat tinh nhu sau: 100 mg xUc tac dugc
cho vao binh phén Ung va dugc hoat hda & 120°C
trong dong N trong 1h (200ml/phut); sau khi xudc tac
dugc hoat hoda, 10 ml dung méi DMSO chiia 5% khéi
lugng (k) Fructose dugc dua vao binh; hdn hgp phan
Ung dugc khudy lién tuc nhiét dé khédo sét 120°C trong
2h, dugi méi trudng khi No. Dung dich sau phan Ung
dugc lam lanh nhanh bang nudc; san phdm dugc tach
khoi mau xuc tac bang dau loc 45um. San phdm phan
Ung dugdc phan tich bang may sac ki 1dng hiéu nang
cao (HPLC), L-800, GL Sciences vdi ¢t phan tich C18.

Két qua va thao luan
Bdc trung xuc tdc
Nhiéu xa tia X

Céc gian dd XRD goc réng (hinh 1) cho biét ciu tric
tinh thé cla vat liéu nghién ctu. Trén ca ba gian do
déu xudt hién cac pic dac trung cho sy ton tai pha
monoclinic cia WOs. Bo la cac pic & céc vi tri géc 26 &
23,1, 26,4; 28,6; 33,4; 33,5; 41,3; 49,7; 55,6, trong dé pic
23,1 va 33,4 c6 cudng d6 manh nhat. Trén mau TZ9
Cac pic xudt hién & cac vi tri 20 = 30,2; 50,8; 60,0 Ung
vGi pha tetragonal clia oxit ZrO,. Trén mau TT9, cac pic
XUt hién & céc vi tri20 = 25,2, 38, 48, 54, 55 Ung Vvdi
pha anatase cua oxit TiO,. Pang chd y 1 tuy cac mau
xUc tac WO3/MeO, (Me: Zr, Ti, Si) ¢6 cung ti 1é mol
tuong Ung la 1.9 nhung trén gidn d6 cia TT9 va TS9
déu xudt hién cac pic dac trung clia pha WO; & vij tri
20 = 23,1va 33,4c6 cudng dé manh han nhiéu so vdi vi
tri tuong tu & trén gidn dod cla TZ9, diéu dé cho thay
do tinh thé ciia WOsldn hon trén chét mang TiO, va
SiOs.
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Hinh 1: XRD goc réng clia cac mau xdc tac WO3/MeOs
(Me: Zr, Ti, Si)
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Phé hoéng ngoai (IR)

Dé gop phan xac dinh céu tric cla céc vat liéu oxit
téng hop dugc, phé IR clia cac oxit da dugc tién hanh
do. Két qua duagc gidi thiéu trén hinh 2.
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Hinh 2: Phé hdng ngoai clia cac mau WOs/MeO: (Me:
Zr, Ti, Si)

Trén phé clia ca ba mau déu xudt hién cac cuc dai hap
thu & s6 song 931, 822, 764 cm ™" Uing vdi cac dao dong
cla lién két W-O [8]. Trén phd IR cling cho thdy cac
cuc dai hép thu & vung 400 dén 800 cm™ déc trung
cho dao déng cda lién két Ti-O, Si-O, Zr-O [9] [10].

Ngoai ra trén cac phé xudt hién cuc dai hép thu réng
trong khoang 3500 cm™, tuong Ung véi dao déng cla
nhom -OH clia nudc hdp phu trén vat liéu. Pic nho hep
3 s6 song 2400 cm™ Uing vd&i dao dong cuia phan clr
CO; chua dudi hét trong budng do.

Anh SEM
Nham danh gia so bd cdu trdc hinh thai cua vét liéu

thu dugc, cac mau xuc tac di dugc chup anh SEM
(hinh 3)

(©)

Hinh 3: Anh SEM clla cAc mau xUc tac WOs/ZrOs(a),
WQO3/TiOz(b) va WO3/MeQOx(c)

K&t qua anh SEM cho théy cac mau xuc tac 1a cd dang
hat vdi kich thudc khéng déng déu, tir ¢& vai chuc dén
vai trdm nanomet.

Hoat tinh xtic tdc

Hoat tinh xUc tac cla cac mau WOs/MeO, (Me: Zr, Ti,
Sidugc danh gid théng qua phan Ung chuyén hoéa
fructozo thanh HMF. Hiéu sudt phan Ung phu thudc
vao cac diéu kién phan Ung nhu dung maoi, nhiét doé
phén Ung, ndng dé dung dich fructose trong dung mai
thich hgp, va thdi gian phan Ung. Viéc tach ba phan tu
nudc ti fructose dé chuyén héa thanh HMF xay ra
thuan lgi néu st dung cac dung méi khéong nudc dé
ngan chan phan Ung nghich lam gidm hiéu suat phan
Ung. Cac nghién ctiu chi ra rang dung méi dimethyl
sulfoxide (DMSQO) cho hiéu sudt cao hon nhiéu so vdi
cac dung maéi khac nhu NMP, DMF, ... Ngoai ra, nhiéu
nghién clu cling cho théy, nhiét dé phan Ung tién
hanh & 1200C cho hiéu sudt cao nhét. Vi vay, trong
nghién cltu nay, phan Ung dugc dugc tién hanh trong
diéu kién nhiét do phan Uing 120°C, thai gian phan Ung
2h, trong dung moi DMSO[11-15]. Két qua dugc gidi
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Hinh 4: Hiéu sudt tao HMF trén xdc tac WO3/MeO»
(Me: Zr, Ti, Si)

TU hinh 4 c6 thé thdy, xic tac TZ9 cho hiéu suét
chuyén hoa t6t nhat, dat 81,6%, gap han hai lan so vdi
diéu kién khong céd xic tac (36,8%). Xuc tac TT9 cho
hoat tinh t6t th( hai v&i hiéu suét dat 74,7%. Cudi cung
TS9 1 mau xUc tac cho hiéu sudt nhd nhét vdi két qua
55,6%, nhung van cao hon so véi trudng hop phan
Ung chuyén hoa fructose thanh 5-HMF ma khoéng co
xUc tac. Diéu nay cho thdy mét lugng nhd WO; phén
tan trén chat nén MeO, (Me: Zr, Ti, Si) d& lam téng tinh
acid va do dé tang do chuyén hoéa. Tu cac két qua thu
dudc trén, c6 thé théy su két hop déng thai cac oxit
MeOx(Me: Zr, Ti, Si) va WO3 da cai thién t6t phan Ung
chuyén hoa fructose thanh HMF. Bén canh su cai thién
hoat tinh dén tu tinh chét acid cla pha WOs, dac tinh
hinh thai hoc nhu dién tich bé mét riéng, tuong tac
https://doi.org/10.51316/jca.2021.054
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giia pha hoat tinh va chat mang ciing la céc tich chat
quan trong anh hudng 1én ton thé hiéu sudt chuyén
hoéa. Cac nghién clu tiép theo sé lam rd thém vai tro
cla cac dac tinh nay.

Két luan

Oxit WO3/MeO> (Me: Zr, Ti, Si) da dugc téng hop bang
phuong phép tdm. Cac phuong phap dac trung cdu
tric cho thdy cac mau oxit nay ton tai & dang tinh thé
& nhiét d6 nung tién chat 400°C. Cac oxit don da bat
dau hinh thanh pha MeO; va WOs & dang tetragonal
va monoclinic. Cac pic chinh ¢é cudng dé tucng déi
I6n ching to cac hat tinh thé tao thanh co kich thudc
trung binh. Khdo sat sG bd hoat tinh xtc tac cho thdy
thd tu hoat tinh nhu sau: TS9 < TT9< TZ9. Nhu vay
mau TZ9 cho hiéu sudt chuyén héa fructose thanh
HMF cao nhét, dat 81,6%. K& qua nay cho thdy c6 hiéu
Ung cdng két gitta hai pha oxit ZrO, va WO; cho dé
chuyén hoa tét nhét. Cac dac trung sau hon vé vat liéu
nhu dién tich bé mat riéng, tich chat acid-base hay
diéu kién t&i uu vé nhiét do, thai gian, lugng fructose
phan Ung sé tiép tuc dugc nghién ctu tiép theo nham
lam séng t& han hiéu ndng cla xdc tac.
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