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TOM TAT

Hién nay, viéc chuyén hoa cac hop chét carbohydrate thanh céc di vong furan la mot trong nhimng
xu huéng mdi trong téng hop hiiu co. Tuy nhién, viéc st dung cac loai xtc tac déng thé kho thu
hoi, tai st dung va doc hai véi mai truong la mot trong nhimng van dé can dugc quan tam. Nghién
cliu nay nham muc tiéu téng hop vat liéu xdc tac rdn ti tinh cé hoat tinh xuc tac tét trong phan
Ung chuyén hoa xylose thanh furfural. Vat liéu chat 16ng ion tir tinh dugc téng hop théng qua viéc
c6 dinh chét léng ion khung 1,8-diazabicyclo[5.4.0]undec-7-ene lén bé mat hat nano FezO4 Tam
acid Brensted (-SO3H) va acid Lewis (Cu,Cl, ~) dugc bién tinh 1én vat liéu nay va ting dung lam xdic
tac cho phan Ung téng hop furfural tir xylose. Cau tric cla vat liéu FezO4@Si0,@(CH,)3;@DBU-
SO3H-Cu,Cly, dugc xéc dinh bang cdc phuong phap FT-IR, XRD, TGA, SEM va EDX. Cac théng s6
nhu loai xUc tac, lugng xuc tac, lugng dung moi, loai dung méi, nhiét dé phan Ung va thai gian cé
anh hudng dén hiéu suat tao thanh furfural. Khi tién hanh phan ting véi xylose (150 mg), xdc tac
Fe304@Si0,@(CH)3@DBU-SO3H-Cu,Cly, (25 mg) va dung mo6i DMSO (3 ml) tai 150 °C trong thdi
gian 6 gio thi hiéu sudt phan Ung dugc ghi nhan la 60,47%. Furfural dugc c6 lap bang phuong phap
s&c ky cot va duoc xac nhan cau triic thong qua phd cong hudng tirhat nhan (*Hva B3C NMR). Xuc
tac Fe304@Si0,@(CH,)3@DBU-SO3H-Cu,Cly, c6 thé dugc thu héi va téi st dung 3 1an ma khong
thay déi dang ké hoat tinh xuc tac va cau tric ban dau. Bay la phuong phéap xanh, don gian, an
toan va than thién véi moi trudng cho quad trinh chuyén hoa xylose thanh furfural.

Tuwkhoa: Chét 16ng ion tU tinh, 1, 8-diazabicyclo[5.4.0Jundec-7-ene, xylose, furfural, acid Brgnsted

GIGI THIEU

Trong nhiing ndm gan day, viéc st dung cac quy téc
héa hoc xanh nhdm lam gidm san phdm phu va chit
thai, gidm st dung ning lugng trong cic quy trinh
t8ng hgp hitu co 13 xu huéng dugc thé giéi quan tam !
Do d6, viéc 4p dung cac di€u kién cac xuc tac xanh
khoéng doc hai déng vai tro 1am xuc téc thi ngay cang
dugc quan tdm va coi trong hon. Trong do, xuc tac
tif tinh ndi bat 1én nhu mot trong nhiing xic tdc ddy
méi>®. Cdu trlic clia cdc nano tii tinh dugc gém hai
thanh phén chinh trong 6 mét phan 13 phan 16i mang
tu tinh kich thudc nano va phén con laila cac hgp chat
hiiu co thudng sé mang ciac nhém chiic hodc dugc tao
phtic d€ mang theo cic nhém kim loai chuyén tiép
tao thanh xtc tic trong nhiéu phan tng>*. Thanh
phén hiiu co nay c6 thé la cac 16ng ion hay céc chit
c6 mang nhém dinh chiic®. Hat nano tii tinh 12 loai
hat nano c6 thé€ dugc diéu khién bang tii trudng nhu
oxid ctia cdc kim loai 14 sit, nickel, manganese hay
cobalt,... > Cic nghién ciu trudc day da chira ring véi
quy mo 1én thi viéc xti ly va thu hoi chat 1ong ion sau

khung imidazole, ammonium, benzimidazole, phos-
phonium, tetrazole va pyrolidone cac phan ting la mot
vin dé kh6®. Cach dé gidi quyét vin dé nay la thyc
hién ¢6 dinh chit 1ong ion 1én d€ mang ran nhu sil-
ica gel ®8 hay sat tli oxide > hay polymer (8) d& dang
tach loai, thu hoéi va tai st dung. Céc chit mang ran
nay da dugc sti dung cho cac chat xuc tac khac nhau
vi dién tich bé mit cao, doc tinh thdp, ngudn ré dé
diéu ché, hiéu nang chiic nang héa bé mit cao va viéc
thu hoi dé dang béng cach ly tim hodcloc. Nhiéu chét
long chatlong ion khung imidazole, ammonium, ben-
zimidazole, phosphonium, tetrazole va pyrolidone da
dugc ¢ dinh trén céc hat nano ti tinh nhu FezOy4
va 7-Fe, O3 hay silica gel $i0, %10, Bén canh dé,
1,8-diazabicyclo[5.4.0]Jundec-enium dugc xem 1a mot
amine vong ciing c6 kha ning bién tinh 1én bé mit
cdc d€ mang rdn va lam xuc téc. Nim 2020, Xi-
aoyu Z. va cong su da bién tinh cac hat Fe304@SiO,
ti tinh bang chét long ion 1,8-diazabicyclo [5.4.0]-
7-undecene va ting dung lam xuc tac hiéu qua trong
phan ting Knoevenagel 1 . Al-Hawary, S. 1. S. v cong
su (2023) ciing da tién hanh téng hop chit long ion

Trich dan bai bao nay: ThE NT, Dat N T, Giang N T, Phuong T H. Diéu ché vat liéu tir tinh mang chatléng
ion khung 1,8-diazabicyclo[5.4.0lundecenium lam xtic tac cho phan itng chuyén héa xylose thanh
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khung 1,8-diazabicyclo [5.4.0]-7-undecene mang tam
acid acid Brensted va ting dung vao qud trinh téng
hop pyrido[2,3-d:6,5-d’]dipyrimidine bang phan ting
ba thanh phan!!. Cac vat liéu nay dugc ting dung
trén cac phan ting téng hgp hitu co véi hiéu sudt tot,
d06 chon loc cao va kha nang tai st dung tot. Viéc st
dung céc chidt 16ng ion mang trén chit rn gitp cai
thién kha nang ti€p xic véi chit nén. Hon niia, diéu
nay con ngén chén sy rda troi cia nd, ning cao tudi
tho ctia chét xuc téc.

Furfural 1a nguyén liéu héa hoc phé bién nhit trong
viéc san xudt furfuryl alcohol, furan, methylfuran,
furfurylamine, acid furoic,... 12,13 Byurfural cung véi
dan xudt cta né 1a furfuryl alcohol c6 thé dugc su
dung doc lap hodc két hgp véi phenol, acetone hodc
urea d€ san xuit nhya rin'%. Mot ing dung quan
trong ctia furfural 13 trong qua trinh t6ng hop tetrahy-
drofuran, mot dung moéi cdng nghiép quan trong. Xy-
lose 13 mot loai duong tu nhién c6 nhiéu ting dung
trong cac linh vuc cdng nghiép va sinh hoc, tii chét
lam ngot dén san xudt nhién liéu sinh hoc va chén
dodn y t€. Xylose la ngudn nguyén liéu chinh dé€ san
xudt furfural '>'® . Xylose cling c6 thé dugc 1én men
bdi mot s vi sinh vat d€ san xuit ethanol, cé tiém
ning trong viéc san xuét nhién liéu sinh hoc 2. Hién
nay, ¢6 nhiéu nhiéu nghién ctu viéc st dung xylose
dé san xudt furfural. Qud trinh chuyén déi nhiét-dung
modi ctia xylose 1a mot trong nhiing phuong phap hiéu
qua dé chuyén dsi xylose thanh furfural'”. Trong
qua trinh chuyén héa xylose thanh furfural, mét s§
chat xuc tac dong thé (H,SOy4, AlCl3, CrCls, SnCly,
ZnSOy4, CuCly,...) da dugc thém vao dé cai thién hiéu
suat furfural 8. Tuy nhién, cic loai xtic tic nay khong
thé thu hoi va tdi st dung. Viéc st dung cic loai
xuc tac nay c6 thé 1am 6 nhiém moi truong, gidm
thiéu tinh an toan trong quy trinh thyc hién cing
nhu dn mon céc tthiét bi phan Gng. DE gidi quyét
vin dé nay, cic chit xuc tic di thé nhu MC-SnO,-
45017 | TPA-TiO, 2° , H-Mordenite?!, Starbon450-
SO3H?2... da dugc st dung nhu mot Iya chon. Gur-
buz va cong su da chuyén hda xylose thanh furfural
v6i hiéu sudt cao (80%) trong dung mo6i GVL sti dung
chit xtc tac SP-170%3. Khi xylose dugc phan tng &
180 °C trong 30 phut st dung chat xtc tdc montmo-
rillonite mang thiéc, hiéu suit furfural 76,8% véi do
chon loc 82,5% thu dugc trong hé théng hai pha 2-
s-butylphenol (SBP)/NaCl-DMSO-H, O véi NaCl bao
hoa?*. Tuy nhién cic nghién cdu trén déu dugc thyc
hién & nhiét d6 qua cao, kho thu héi xuic tic va khong
than thién v6i méi trudng. Gén déy, da c6 nhiéu
nghién ctu st dung chit 16ng ion d€ lam xuc téc va
dung méi cho qué trinh t8ng hop furfural>>. Trong
nghién ctu nay, phan tng chuyén hoa xylose thanh
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furfural vé6i sy ho trg ctia xuc tic ti tinh mang chét
long ion khung 1,8-diazabicyclo[5.4.0]Jundec-enium
da duoc khéo sat.

VAT LIEU VA PHUONG PHAP

Héa chat

1,8-Diazabicyclo[5.4.0]Jundec-7-enen (d¢ tinh khiét
98%), sulfolane (d¢ tinh khiét 99%), ethyl acetate
(d6 tinh khiét 99%), hexane (dd tinh khiét 99%),
dimethyl sulfoxide (d¢ tinh khiét 98%), D-(+)-xylose
(d6 tinh khiét 97%), ethylene glycol (d6 tinh khiét
98%), chlorosulfonic acid (d6 tinh khiét 99%), ammo-
nium hydroxide (d6 tinh khiét 98%), copper(II) chlo-
ride (d¢ tinh khiét 98%), iron(II) hydroxide (d¢ tinh
khiét 97%), iron (III) hydroxide (d¢ tinh khiét 96%),
potassium hydroxide (d6 tinh khiét 99%), nickel(II)
chloride (d¢ tinh khiét 98%), n-butanol (d6 tinh khiét
98%), glycerol (d¢ tinh khiét 99%) dugc mua ti Xi-
long (Trung Qudc).

Thiét bi

Gian d6 nhiéu xa tia X dugc ghi trén thiét bi D8
Advance-Bruker (Dtc) tai Truong Pai hoc Bach Khoa
(PHQG-HCM). Anh chup bang kinh hién vi dién tu
quét (SEM) SEM dugc thuc hién trén may JOEL JSM-
7600F & dién ap gia t6¢ 80 - 200 V, do tai Truong Dai
hoc Cong Thuong Tp.HCM. Phé tan xa ning lugng
tia X (EDX) dugc ghi trén thiét bi EMAX nang lugng
EX - 400 EDX tai Truong Pai Hoc Cong Thuong
Tp.HCM. Phan tich nhiét trong lugng (TGA) dugc
ghi trén thiét bi hé thong phan tich nhiét TA Q500 tai
Vién Cong nghé Hoéa hoc. Phd hong ngoai (FT-IR)
dugc do trén méy quang phd FT-IR Bruker E400 st
dung vién nén potassium bromidetai Khoa Hoa hoc,
Truong Pai hoc Khoa hoc Ty nhién, PHQG-HCM.
Phé cong hudng tit hat nhan 'H va 13C NMR dugc ghi
trong dung moi deuterated chloroform (CDCl3) & tin
s6 tuong tng 1a 500 MHz va 125 MHz, trén may phé
Bruker Advance 500 MHz tai phong thi nghiém Phén
tich Trung tdm, Trudng Pai hoc Khoa hoc Ty nhién,
DHQG-HCM. Dién tich bé mit dugc do trén thiét bi
Micromeritics Tristar II Plus tai Vién Cong nghé Héa
hoc.

Quy trinh diéu ché xic tac chat léng ion
mang trén hat nano tur tinh

(1) Pi€u ché Fe304: Fe304 dugc tong hgp theo quy
trinh da bao cdo trudc day (Hinh 1). Pun ndng
150 mL nuéc cit & 80 "C khoang 30 phit d& dudi
hét khi oxygen. Hoa tan FeCl3 (0,5 mol; 81,25 g),
FeSO4-7H,0 (0,25 mol; 69,5 g) vao trong 150 mL
nudc néng. Nho tu ti tiing giot ctia 150 ml dung dich
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KOH 16 M vao dung dich va khudy déu trong 1 gio &
nhiét d6 phong. Fe304 dugc tach ra khoi moi truong
phén ting bdng nam cham, dugc rtia bang ethanol va
s&y kho 670 "C 1011

(2) Pi€u ché Fe304@8Si0; : 5,0 g Fe304 dugc phan
tan vao 200 mL dung dich EtOH/H, O (ti1é 4:1) trong
diéu kién chi€u xa siéu 4m trong khoang 15 phut. Sau
d6, 2,0 mL dung dich NH4OH 25% dugc thém tiing
giot vao hdn hgp va dugc khudy trong 10 phut. Sau
do, tetraethyl orthosilicate (10,0 mL) dugc nhd giot
vao hén hgp dung dich va khudy lién tuc trong 6 gi¢
& nhiét d6 phong. Céc hat Fe304@SiO> mau nau sé
dugc phan tdch ra khoi dung dich bing phuong phép
ldng tit va dugc rita nhi€u lan véi ethanol va sdy kho
§60 ClO1L,

(3) Piéu ché Fe;0,@8i0,@(CH,);Cl : 2,0 g
Fe304@Si0; trong 50 mL toluene dugc phan tan
Sau do

cho vao dung dich 1,0 mL triethylamine va 1 mL

bang chiéu xa siéu am khoing 15 phdt.

3-chloropropyltriethoxysilane. Hén hgp dugc dun
hoan luu trong 24 gid & 115 °C. San ph&m dugc tich
ra bang nam chim, rua lai nhiéu lan béng toluen va
sy kho 660 "C 1011,

(4) Piéu ché Fe;0,@Si0,@(CH,)3@DBU : 2,0 g
Fe304@S10,@(CH;)3Cl trong 50 mL toluen dugc
phén tan bing siéu 4m khoang 15 phut. Sau khi 1,8-
diazabicyclo[5.4.0]undec-7-en (1 mmol) dugc cho
vao dung dich, hén hgp dugc dun hoan luu hén trong
24 gi5 & 115 "C. San ph&m dugc tich ra bing nam
cham, rtia lai nhiéu 14n bing toluen va sdy kho 1011,
(5) Piéu ché Fe;0,@Si0,@(CH,);@DBU-SO;H
: 2,0 g Fez04@Si0,@(CH,)3@DBU trong 50 mL
dichloromethane dugc phén tin bang siéu am khoang
15 phat. Sau do6, 1 mmol chlorosulfuric acid dugc
thém va hdn hgp duoc khudy trong 2 gi¢ & nhiét do
phong. San phidm dugc tach ra bing nam cham, rtia
lai nhiéu l4n bing dichoromethane va sdy kho & 60
cl,

(6) Diéu ché Fe;0,4@Si0,@(CH,);@DBU-
SO3H-Cu,Cl,: CuCl, dugc hoa tan trong 40 mL
methanol cho dén khi dung dich bdo hoa. 1,0 g
Fe;04@Si0,@(CH,)3@DBU-SO3H dugc cho vao
dung dich CuCl, bao hoa va dugc khudy trong 3 git
& nhiét d6 phong. San phim dugc tich ra bing nam
cham, rtia lai nhiéu 14n bang methanol va siy kho &
80 °C.

Quy trinh khao sat cac yéu té anh huéng
dén phan ting chuyén héa xylose

Dé khdo sat phan tng tng hop furfural cé st dung
xuc tac, cac yéu t6 dugc khao sat 14n lugt la: loai xtc
tac, lugng xuc tac, nhiét d6 phan ting, loai dung moi

va leaching test theo thdi gian, khdo sat lugng 16n gip
10 14n. Sau mdi 2 gi¢ trich mau mot lan, méi 1an trich
3-5 giot va can khdi lugng. Mau sau khi trich dugc
dinh mtic 1én 10 mL bing nudc cit va furfural dugc
dinh lugng bang phuong phip UV-Vis tai budc song
273 nm.

Quy trinh téng hop va tinh ché furfural

Hoi hgp xylose (1 mmol, 150 mg), xuc tic (25 mg)
trong dung moéi dimethyl sulfoxide (3 mL) dugc dun
150 °C trong thoi gian 6 gio (Hinh 2). Sau khi phan
tng két thic, tién hanh hoa tan hoa hgp bang 5 mL
nudc cit va li tAm dé tach loai xtc tdc. Phan chat long
thu dugc cho vao phéu chiét va tién hanh li trich phan
bd 1ong-long bang ethyl acetate (3x10 mL). Sau do,
tién hanh c6 quay loai dung moi ethyl acetate d€ thu
san phdm thod. San phdm furfural tho dugc tién hanh
tinh ché bing phuong phép sic ky cot silica gel st
dung hé dung moi giai ly hexane:ethyl acetate (95:5).
Phé cong hudng tit hat nhan (NMR) diing d€ xac dinh
c4u tric hoa hoc cua furfural.

Thu hoi va tai sit dung xuc tac

Hoéi hgp xylose (1 mmol, 150 mg), xuc tac (25 mg)
trong dung moi dimethyl sulfoxide (3 mL) dugc dun
150 °C trong thdi gian 6 gio. Sau khi két thic phan
tng, xuc tac dugc tach khoi hén hgp phan tng bing
ti trudng ngoai. Sau d6, xuc téc dugc rita bang nuGc
cdt va tiép tuc rtta bang EtOHcho dén dung dich EtOH
khong con mau thong qua ldng tit. Sau d6, tién hanh
sdy kho va xdc dinh cu tric xuc téc thu hoi bang phé
hong ngoai bién ddi Fourier (FT-IR).

KET QUA VA THAO LUAN

Xac dinh cdu trdc cha vat liéu
Fe;0,@Si0,@(CH,);@DBU-SO3H-Cu,Cl,
Phé héng ngoai FT-IR cha cdc vat liéu
Fe304, Fe304@Si0;, Fe304@Si0,@(CHy)3ClL
Fe304@Si0,@(CH;)3@DBU,
Fe30,@5i0,@(CH,)3@DBU-SO3H va

Fe304@Si0,@(CH;)3;@DBU-SO3H-Cu,Cl,

trong viing s6 séng 4000-400 cm~! dugc hién thi
trong Hinh 3. Tin hiéu hép thu cta dao dong kéo
dan lién két Fe—O dic trung gin 605 cm ™! xudt hién
trong phd FT-IR ctia cdc hat tii tinh Fe304 (Hinh 3f)
[49]. Pho FT-IR cta cdc vat liéu tit Fe3O4 (Hinh 3e)
dén vat liéu Fe304@Si0,@(CH;,)3@DBU-SO3H-
Cu,Cly (Hinh 3a) déu cho thiy c6 tin hiéu hdp thu tai
980 cm ™! ctia dao dong bét dsi xing va 1093 cm ™! 1
dao dong bién dang doi xting cia nhém Si-O-Si diéu
nay cho thdy 16p vo SiO, da dugc pht trén bé mat ctia
hat Fe304[50] va 16p vo nay van con ton tai trong cac
budc tiép theo trong qua trinh tdng hgp xuc téc. Cac
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Hinh 1: Quy trinh t8ng hop vat liéu Fe30,@Si0,@(CH,)3@DBU-503H-Cu,Cl, [Nguén:Nhém tac gial

OH .
HO Xuc tac

—-

OH DMSO

150 °C, & gier

Xylose

Fufural

Hinh 2: Phan tng chuyén héa xylose thanh furfural [Nguén: Nhém tac gial

dao dong kéo dan ctia lién két H-C sp? trén day alkyl
xuét hién tai 2926 cm™!. C4c van hép thu bau rong
kéo rong trong ving 3200-3600 cm~! di trung cho
dao dong kéo dan Si-OH?°. Céc dinh tuong ting véi
C-N trong di vong xuit hién & 1400-1600 cem~! tai
xuc tdc Fe304@810,@(CH;)3@DBU trg di cho thdy
da gan 1,8-diazabicyclo[5.4.0]undec-7-en 1én dugc
day alkyl ctia vt liéu'!. Van hdp thu & 3400 cm~!
cuia Fe304@SiOz@(CH2)3@DBU-SO3H-CuxCly thé
hién cho dao dong néi O-H trong nhém SO3-H.

~1 ¢tia néi $=0 cho

Ngoai ra, tin hiéu tai 1225 cm
thdy qua trinh acid hoa da thanh cong, xtc tac da
mang dugc tdm acid Brensted (12). Vi vay, két qua
trén chiing minh ring cac qud trinh diéu ché xuic tac
da thanh cong cling nhu cfu tric xdc téc duge dn
dinh du da qua nhiéu budc diéu ché.
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Dé X4c dinh ciu tric cua
Fe304@Si02@(CH2)3@DBU-SOgH-CuxCly,
phuong phdp nhiéu xa tia X (XRD) cé gbc quét tu
10-80° dugc st dung. Nhu trinh bay trong Hinh 4,
gian d6 nhiéu xa tia X ctia xdc téc cho thiy cac dinh
nhiéu xa tuong ung véi cac mit (200), (311), (400),
(511) va (440) dac trung cho cu triic ciia nano Fe304
da dugc nghién ctiu trudc day (JCPDS 03-0863) 2728,
biéu nay cho thiy nano Fe304 di dugc téng hop va
gdn 1én xuc tdc nhu mot tdm tu tinh. Ngoai ra, tai
gbc quét 13° cho thdy mot dinh nhiéu xa manh, c6
thé day 1a mat (110) cta mudi Cu(Il) trén vat liéu
trung khép véi dinh nhiéu xa ctia CuCl, trong quing
connellite (ICDD 35-538) 2.

TGA dugc thuc hién trong khoang nhiét d¢ tu 30
dén 600 °C, véi téc do quét nhiét 10 °C/phut trong
moi trudng khi Ny d€ nghién ctiu d6 bén nhiét caa
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Fe304@Si0,@(CH;)3@DBU-SO3H-Cu,Cl, (Hinh
5). C6 3 budc giam khdi luong & gian d6 TGA clia
vat litu. O buéc gidm thit nht dusi 100 °C, khéi
lugng bi giam di 13% do lugng dung moi hitu co
bay hoi. Ké& do, khdi lugng vat liéu tiép bi gidm 7%
& khoang nhiét d6 tit 100-140 °C. Diéu nay c6 thé
dugc giai thich la do sy mét di cia nudc trén bé mit
vat liéu. Cubi cung tit 200-250 °C, do sut giam khéi
lugng dugc ghi nhén la 11% do 16p chét 16ng ion bi
phan hay.

Két qua anh hién vi dién ta quét (SEM) cua
Fe304@Si0,@(CH;,)3@DBU-SO3H-Cu,Cl, 6 cac do
phén giai 10000, 7000, 5000, 2000, 1000, 500 (Hinh 6).
C6 thé thdy rang vat liéu phan bd dong déu véi kich
thudc trung binh titi 5-100 pm.Vat liéu xdc c¢é dang
v0 dinh hinh v6i bé mat go ghé va cac hat khong dong
déu. Trén bé mit ctia cac hat c6 cac déi tugng tu do
ndm pht trén bé mat 1a do 16p chét long ion da dugc
bién tinh.

Thanh  phdn héa hoc cha vat liéu
Fe30,@Si0,@(CH,)3;@DBU-SO3H-Cu,Cl,  da
dugc kiém tra bang phuong phdp phd tin xa ning
lugng tia X (EDX). Hinh 7 da xdc nhén sy hién dién
clia cac nguyén t6 C, N, O, Si, S, Cu, Fe trong co
cdu clia xdc tac voi cdc ham lugng tuong ting. Su
phéan bo ctia cac nguyén t6 nay ciing dugc quan sat
trén Hinh 8. Cac nguyén t6 phan b6 dong déu trén
bé mit ctia vat liéu Fe;04@Si0O,@(CH;)3@DBU-
SO3H-Cu,Cly. Ngoai ra, phép do BET ciing dugc st
dung dé€ xac dinh dién tich bé mit riéng ctia vat liéu
Fe304@Si0,@(CH,)3@DBU-SO3H-Cu,Cl,  dugc
tong hgp. Gid tri dién tich bé mdt riéng dugc ghi
nhan 12 116 m?/g.

Khao sat cac yéu té anh huéng dén phan
ing chuyén héa xylose

bé dédnh gid hiéu suft tao thanh furfural sau moéi
phén ting, phuong phap UV-Vis dugc st dung d€ dinh
lugng furfural thong qua viéc hap thu cuc dai tai budc
séng 273 nm (Hinh 9a). Dudng chuén d€ dinh lugng
dugc xay dung trong khoang néng d6 1 dén 10 ppm
v6i R? = 0,9951 (Hinh 9b).

Dé danh gia dugc kha nang xuc tdc ctia cic loai vat
Fe304@Si0,@(CH,)3 @DBU-S03H-Cu,Cl,
da diéu ché, phan tng cta xylose (150 mg) trong
DMSO (3 mL) dugc thyc hién & nhiét do6 150
°C v6i cic khoang thoi gian gém 2, 4, 6, va 8

liéu

gid v6i 25 mg cha cdc loai xuc tac khac nhau.
Két qud & Hinh 10a cho thdy cac loai vat liéu
Fe304, Fe304@Si0;, Fe304@Si0,@(CH,)3ClL
Fe304@S10,@(CH;)3@DBU cho hiéu sudt cta qua
trinh chuyén héa xylose thanh furfural <15%, trong
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khi xtc tic Fez04@SiO,@(CH;)3;@DBU-SO3H-
Cu,Cly cho hiéu sudt lén dén 60,47%. V6i mau
Fe;04@Si0,@(CH,)3@DBU-SO3H, chi ¢cé tdm acid
Bronsted thi hiéu sudt xdc tc tai 6 gid thip hon tai
4 gi6 do qua trinh dun thoi gian dai trong diéu kién
c6 acid Bronsted thi san phdm c¢6 khuynh hudng
bi phan huy va moét lugng nho chét nén xylose bi
than héa lam cho hiéu sudt phén tng gidm dang ké.
Ngoai ra, xtc tdc chi mang mot tdm acid Brensted
Fe304@Si0,@(CH,)3@DBU-SO3H  va mot tdm
acid Lewis va Fe304@SiO>@(CH»)3@DBU-Cu,Cl,
ciing dugc khao sat va déu cho hiéu sudt <15%. biéu
nay cho thdy muc dich ctia viéc téng hgp xtc tic qua
nhiéu giai doan mang ca hai tim acid Brensted va acid
Lewis da cho két quéa vugt trdi. Khi so sanh véi xuc
tac acid Brensted (HCI) véi hiéu sudt 40,03% trong 4
gid va xuc tdc acid Lewis (CuCly, NiCly) vé6i hiéu suét
lan lugt 1a 48,77% trong 6 gid va 9,51% trong 8 gic
cting cho théy xuc téc Fe304@Si0,@(CH;)3;@DBU-
SO3H-Cu,Cly ¢6 két qua tét hon. Do do, xuc tic
Fe304@Si02@(CH2)3@DBU-SO3H-CuxCIy da
dugc chon lam xuc tac chinh cho nghién ctu nay.

Khéi lugng xuc tac di thé thich hgp ciing dong
vai trd quan trong trong viéc kiém sodt hiéu suét
cta phan Ung c6 st dung dung mdi. Nghién
ctiu su anh hudng ctia khéi lugng chit xdc tac
Fe304@Si0,@(CH,)3 @DBU-SO3H-Cu,Cl,
hiéu sudt tao thanh furfural thi phan tGng dugc thuc
hién véi diéu kién gém xylose (150 mg), dung moéi
DMSO (3 mL), nhiét d6 150 °C & cic khoang thoi
gian gom 2, 4, 6, va 8 gid voi khéi lugng chét xuc
tac thay déi tu 5, 15, 25, 35 dén 45 mg. Két qua
khao sat anh hudng cta lugng xic téc dén hiéu suit
hinh thanh furfural dugc thé hién Hinh 10b. C6 thé
thdy rdng hiéu suft tao thanh furfural phu thuc vao

dén

lugng xdc tac, lugng xidc tdc cang nhiéu thi hiéu suét
cang cao nhung theo thdi gian cang kéo dai thi c6 sy
sut giam. Khi st dung lugng xuc tdc 5 mg thi lugng
furfral tao thanh trong 2 gi¢ ddu tién hu nhu khong
dang k€ va sau do ting din dén 28,23% tai 6 git va
gan nhu khong d6i trong 2 gio tiép theo. Khi stt dung
lugng xuc tac lén 15 mg va 25 mg thi hiéu suit tao
hanh furfural ciing ting manh trong 6 gi¢ ddu ting
manh va dat hiéu sudt t6t nhét 1a 60,47%, tuy nhién
trong 2 gio tiép theo c6 d4u hiéu sut giam khd manh.
Tiép tuc tang lugng xuc tic 1én 35 va 45 mg thi hiéu
sudt tao thanh furfural ciing c6 ddu hiéu tang trong 4
gi dau (47,46 % va 46,10 %) tuy nhién lai c6 su sut
gidm & 4 gio tiép theo, ddc biét 1a & lugng xuc tac 45
mg c6 sy sut gidm rit manh. Diéu nay c6 thé dugc
gidi thich 1a do trong xtc tac c6 tim Brensted nén khi
lugng xuc tac nhiéu thi néng dd acid cang cao, dic
biét trong moi trudng nhiét do cao dé dang thuc ddy
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Hinh 5: Gian d6 TGA clia Fe304@Si0,@(CH;)3@DBU-S03H-Cu,Cl, [Nguon: Nhom tac gia]

Hinh 6: Anh SEM clia vat liéu Fe304@Si0,@(CH;)3 @DBU-SO3H-Cu,Cl, & cac d6 phan giai (a) 10000, (b) 7000c)
5000, (d) 2000, (e) 1000, (f) 500 [Ngu6n: Nhém téc gidl

qua trinh phan htty san ph4m ph4m bj triing hgp tao
thanh polymer nhiét rin. Day cling c6 thé la nguyén
nhan dan dén sy sut gidm hiéu suét sau 6 gid ¢ mau
sti dung lugng xuc tac 15 va 25 mg. Vi vdy, 25 mg
xuc tic Fe304@Si0,@(CH,)3@DBU-SO3H-Cu,Cl,
dugc chon lam lugng xtic tac t6i uu cho cac khao st
tiép theo.

Vi Fe;04@5i0,@(CH,)3@DBU-SO3H-Cu,Cl, 1a
Xuc téc ran nén cin c6 dung moi dé hé trg sy phan

tan ctia xuc tac trong hén hop. Vay, cic loai dung moi
khéc nhau dugc khao st trong phan ting nay. Phan
tng dugc thuc hién véi diéu kién phan tng gém
xtc tac Fe304@Si0,@(CH;)3@DBU-SO3H-Cu,Cl,
(25 mg), xylose (150 mg) tai nhiét d6 150 °C & thoi
gian 2, 4, 6 va 8 gid v6i 3 mL cdc loai dung méi
khdc nhau gom dimethyl sulfoxide, sulfolane, N,N-
dimethylformamide, n-butanol va ethylene glycol.
Két qua khao sat anh hudng ctia loai dung mdi dén
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Hinh 7: Gian d6 EDX clia Fe304@Si0,@(CH,)3;@DBU-SO3H-Cu,Cly[Nguén: Nhém tac gid)
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Hinh 8: EDX mapping clia Fe304@Si0,@(CH,)3@DBU-SO3H-Cu,Cl, [Nguén: Nhém tac gid]

hiéu suét hinh thanh furfural dugc thé hién 6 Hinh
10c. Trong khéo st nay, ndm loai dung méi dugc st
dung dé€ dénh gid sy anh hudng ctia dung moi dén
hiéu sudt tao thanh furfural. C¢ thé thdy dimethyl
sulfoxide vugt trdi hoan toan so véi phan con lai,
hiéu suit da dat dén 60,47% khi st dung dimethyl
sulfoxide trong khi sti dung cdc dung méi khac nhu
sulfolane, dimethylformamide, n-butanol va ethylene
glycol cho hiéu sudt <15%. Ngoai ra, cic loai dung
moi xanh cang da dugc khdo sat nhu chét long
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ion (1-ethyl-3-methylimidazolium chloride va 1-
butyl-3-methylimidazolium hexafluorophosphate) va
dung moi cong tinh sau ([choline chloride][ethylene
glycol], va [choline chloride][urea]y). Tuy nhién,
ca 4 loai dung moéi nay déu khong hé trg viéc lam
tang hiéu sudt cia qud trinh chuyén hoa xylose thanh
furfural. Do d6, dimethyl sulfoxide dugc chon lam
dung méi trong nghién ctiu nay.

Dé xem xét anh hudng cta lugng tac chit, thé tich
dung moi sé dugc thay d6i véi mot lugng chat nén
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dugc c6 dinh. Phan ting dugc thuc hién véi diéu kién
phén ting gom xuc tic Fe304@S10,@(CH;)3@DBU-
SO3H-Cu,Cly (25 mg), xylose (150 mg) nhiét d6 150
°C & cac khoang thoi gian gom 2, 4, 6, va 8 gio véi
cic lugng dimethyl sulfoxide bao gém: 1,2, 3,4 va 5
mL. Tt Hinh 10d c6 thé thdy ring hiéu sudt tong hgp
furfural phuy thu¢c vao lugng dung moéi. Khi cho 1 mL
dung moi vao phan tng thi hiéu suit phan tGng luén
<5% trong sudt 8 gid phan ung. Diéu nay co thé dugc
gidi thich 1a do trong mét thé tich dung moéi nho lam
han ché kha nang tiép xuc clia xuc tic v6i chit nén
dan dén hiéu sudt phan tng thip. Ngoai ra, xtc tac
c6 mang tdm acid acid Brensted thi thé tich dung moi
g6p phan diéu chinh néng d6 HT trong moi trudng
phan ting. Do vay, néu thé tich dung mdi qua it sin
phém sé dé bi polymer hoa lam gidm hiéu sudt phan
ung. Khi ting thé tich dung moi lén 2 va 3 mL thi
hiéu sudt déu ting va dat hiéu suit t6t nhét lan lugt 1a
33,05% va 60,47% tai 6 gi6. Tuy nhién, khi ting thé
tich 1én 4 va 5 mL thi hiéu suét lan lugt 14 29,02 % va
11,44% tai 8 gi6. Diéu nay cho thdy khi thé tich dung
moi 16n thi chat nén va xic tdc phan bé rong hon va
cach xa nhau hon dan dén tiép xtic kém hiéu qua 1a
cho hiéu sudt bi giam. Vi vdy, 3 mL dung méi DMSO
dugc chon lam diéu kién t6i Giu cho nghién ctiu nay.

Nhiét d6 phéan ting ciing la mét trong nhiing yéu t6
quan trong ciing cin dugc xem xét trong nghién ctiu
nay. Diéu kién phan ting gom xylose (150 mg), xtic
tic Fe304@Si0,@(CH,)3@DBU-SO3H-Cu,Cl, (25
mg), dung mo6i DMSO (3 mL) dugc thuc hién & 100
, 120, 140 va 160 °C tai cac khodng thoi gian 2, 4, 6,
va 8 gi¢. Két qua dugc trinh bay 6 Hinh 10e. Hiéu
sudt tao thanh furfural phuy thudc vao nhiét do. O céc

nhiét d6 120, 130 va 140°C van c¢6 sy hinh thanh fur-
fural va ting dan trong 8 gid nhung hiéu sudt thi kha
thép (13,60%, 22,59% va 26,25%). Khi nhiét tang 1én
150 °C thi hiéu sudt tao thanh furfural ting manh va
dat cuc dai 60,47% tai 6 gio. Tiép tuc tang nhiét dén
1én miic 160 °C thi hiéu sudt cing ting trong 4 gi¢
d4au nhung gin nhu khong d6i trong 2 gi¢ tiép theo va
gidm manh & 8 gid. Diéu nay c6 thé dugc giam thich
la do & nhiét do qué cao san phdm bi triing hop tao
thanh polymer nhiét rdn. Vivay, 150 °C dugc chon 1a
nhiét d6 t6i uu trong nguyén ctu nay.

Dé khdao sat vai trd clia xdc tdc trong clia qua trinh
phén ting thi leaching test cling dugc thuc hién. Phan
tng tong hgp furfural dugc thyc hién & véi diéu kién
phén ting gom xuc tac Fe304@Si0,@(CH;)3@DBU-
SO3H-Cu,Cly (25 mg), xylose (150 mg), dung moéi
DMSO (3 mL) dugc thuc hién & 150 °C. Sau 4 gio
phén tng, xdc tic dugc tich loai bang nam cham.
Dung dich con lai dugc tiép tuc dugc tién hanh phan
ung trong 4 gio tiép theo. Tl Hinh 10f c6 thé thay
rdng hiéu suit ctia phan tGng dat 47,46% & 4 gid. Sau
khi tach xuc tac ra khoi hon hgp phan ting va tiép tuc
tang thoi gian phan ting 1én dén 6 gio thi hiéu sudt
giam dang ké chi con 41,25% va hiu nhu khong déi
& 8 gid. Tuy nhién, khi c¢é xtc tac thi & 6 gid hiéu
sut dat t6i da la 60,47%. Diéu nay cho thiy ring
xtc tac Fe304@Si0,@(CH»)3@DBU-SO3H-Cu,Cly,
doéng vai trd quan trong trong phan ting chuyén héa
xylose thanh furfural.

Dé xem xét kha nang ting dung viéc tdng hop furfural
& lugng16n, phan tGing dugc thyc hién trong ciing diéu
kién nhung tang tilé cht nén, xtc tac va dung moilén
gdp 10 lan. Diéu kién phan ting gdbm xylose (1,5 g),
xuc tic Fe304@Si0,@(CH,)3@DBU-SO3 H—CuxCly
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Hinh 10: Cac yéu t6 anh hudng dén hiéu suat chuyén héaxylose thanh furfural: a) loai xtc tac, b) lugng xuc tac,
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¢) loai dung méi, d) lugng dung méi, e) nhiét dé va f) leaching test [Nguén: Nhém tac gia]
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Hinh 11: Khao sat su dnh huéng cla lugng phan ting [Nguén: Nhém tac gial

(250 mg), dung mo6i DMSO (30 mL) dugc thuc hién
6 150 °C tai cdc khoang thai gian 2, 4, 6, va 8 gid.
T Hinh 11 ¢6 thé théy rang khi phan ting dugc thuc
hién v6i quy moé 150 mg xylose thi hiéu sudt phan ting
tang dan va dat cuc daila 60,47% tai 6 gio. Nhung sau
d6 gidm xudng con 46,11% & 8 gis. Khi ting quy mo
phén tng lén gdp 10 14n thi khuynh huéng van nhu
vay nhung c6 su sut gidm hiéu sult & cic giai doan.
Cu thé, hiéu suét phan & 6 gid la 40,68% va & 8 gid la
30,48% . C6 thé thdy ring khi ting quy mo6 phan tng
sé 1am thay d6i ham lugng furfural dugc tao thanh ti
xylose. Vivay can dugc nghién ctiu thém néu dp dung
& quy md 16n.

Xac dinh cau tric caa furfural

Dé xéc dinh cfu truc, furfural duge phan tich bing
phuong phap phé cong hudng tii hat nhin. Trén phé
'H-NMR ctia furfural (Hinh 12a), c6 thé théy bon tin
hiéu cdng hudng véi cudng do tich phén lan lugt 1a
1:1:1:1. Proton ctia nhém formyl (-CHO) cong hudng
tai 6 = 9,60 ppm (s,1H). Ba tin hiéu cong hudng cta
cac proton vong furan 1an lugt xudt hién tai cac vi tri
6 =7,65ppm (t,] =1,5Hz, 1H), § =7,22 ppm (dd, ]
=3,5Hz, 1,0 Hz, 1H) va & = 6,56 ppm (dd, ] = 3,5, 1,5
Hz, 1H). Trén phd I3C_NMR cta furfural (Hinh 12b)
tin hiéu cong hudng ctia carbon ctia nhém formyl (-
CHO) dugc quan sat thdy tai 8 =177,9 ppm. Ngoai ra,
cdc tin hiéu tai 8 = 153,0, 148,1, 121,2 va 112,6 ppm
ciing gitp xac dinh sy ¢ mit ctia cac carbon vong
furan. Két qua nay phu hgp véi cac cong bo trude
day®.

Co ché phan uing dé nghi

Co ché phan tng dé nghi cho qua trinh
chuyén hoéa xylose thanh furfural bang xtc tc
Fe304@Si0,@(CH;)3;@DBU-SO3H-Cu,Cl,

dugc trinh bay & Hinh 13!%3! Trong giai
doan dau tién, tAm acid Lewis trén xuic tac
Fe304@Si0,@(CH;)3;@DBU-SO3H-Cu,Cl,
lién két vGi oxygen gén tai vi tri C-2 cta xylose hinh

tao

thanh nén trung gian (A). Trung gian (A) nhanh
chong hé bién thanh dang (B) va nhanh chéng xay
ra sy chuyén vi 1,2-hydride thanh dang (C). Duéi su
c6 mit ctia proton trong moéi truong thi (C) nhanh
chéng chuyén thanh xylulose. V6i sit ¢6 mit ctia tim
acid Brested lan lugt xdy ra sy tach loai 2 phan tu
nudc tai vi tri C-4 va C-2 tao thanh trung gian (E) va
(G). Cudi cling, lai tiép tuc xay ra su tach loai phan t
nudc cta (G) tao thanh furfural.

Khao sat luong phan tng va kha nang tai st
dung xtic tac

Vi xtc tdc ¢6 mang tdm tU tinh nén kha ning thu
Phén ting
dugc thuc hién véi di€u kién phan tng gom xuc
tic Fe304@Si0,@(CH,)3@DBU-SO3H-Cu,Cl, (25
mg), xylose (150 mg), DMSO (3 mL) & nhiét do 150
°C trong 8 gid. Xuc tac dugc thu héi thong qua
tu trudng ngoai sau d6 dugc ria véi ethanol va sdy
kho & 80 °C. Sau do, xtc tac thu hoi duge dem thuc
hién phén ting vé6i cling diéu kién nhu trén. Sau 3

héi va tai st dung dugc quan tam.

lan tai st dung, hdu nhu hoat tinh xdc tdc khong
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Hinh 12: a) Phé 'HNMR va b) phé '3C NMR ctia furfural [Nguén: Nhom tac gial
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Hinh 13: Co ché phan tng dé nghi [Nguon: Nhém téc gial
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Hinh 14: a) Kha nang tai str dung xuc tac va b) phd FT-IR clia xdc tac tai st dung [Nguén: Nhém tac gidl

thay d6i dang k€. Tuy nhién, hiéu suft cia 1an t6ng
hop thu 4 lai gidm manh (Hinh 14a), cu thé hiéu
sudt gidm con 32,77%. Su gidm hiéu sudt nay cé
thé€ 1a do mot phan tdm acid da bi che phu boi cc
san phdm phu (polymer nhiét rin tu furfural) trong
lan phan tng dau tién. Maic du tim Brensted van
con nhung d€ dat dugc hiéu suit cao thi cin c6 sy
déng gbp tii ca 2 tam xuc tic. Tl phd FT-IR ¢ Hinh
14b c6 thdy thdy rang cic dao dong ctia cic nhém
chtic trén xic tac trudc va sau khi phan ng khong
¢6 su thay déi déng ké. Diéu nay ching to cdu tric
gin nhu khong d6i sau khi da tham gia xdc tac cho
phan tng. So v6i cac nghién clu trudc day, viéc
st dung Fe304@Si0,@(CH;)3@DBU-SO3H-Cu,Cl,
cling gop phén tao ra mét phuong phap xanh méi cho
qud trinh chuyén hoa xylose thanh furfural.

KET LUAN

Trong nghién clu nay, vat  liéu
Fe304@Si0,@(CH;,)3@DBU-SO3H-Cu,Cl, da
dugc téng hgp va tng dung xuc tic cho phan tng
téng hop furfural tit xylose. K&t qua cho thay loai xtc
tac, lugng xuc tac, lugng dung moi, loai dung mai,
nhiét d6 phan ting va thoi gian c6 anh hudng dén hiéu
sudt tao thanh furfural. Véi diéu kién t6i uu la xylose
(150 mg), xuc tic Fe304@Si0,@(CH;)3;@DBU-
SO3H-Cu,Cly (25 mg) va dung méi DMSO (3 mL)
phén tng tai 150 °C trong thdi gian 6 gi¢ cho hiéu
sudt dat dugc 60,47%. San phdm furfural c6 thé dugc
c6 lap thong qua sic ky cot va dugc xdc nhin cdu
truc thong qua phd cong hudng ti hat nhan (NMR).
Xic tac Fe304@Si0,@(CH,)3@DBU-SO3H-Cu,Cl,,
6 thé dugc thu héi thong qua tit trudng ngoai va cé
thé dugc tai st dung dugc lan thid 3. Vat liéu tu tinh

Fe304@Si0,@(CH;)3@DBU-SO3H-Cu,Cly c¢é kha
néang thu hoi va tdi st dung, han ché viéc st dung cic
acid ¢6 tinh &n mon anh hudng dén thiét bi phan ting
ciing nhu han ché lugng chdt thai ra mai truong.

DANH MUC TU VIET TAT

DBU: 1,8-Diazabicyclo(5.4.0)undec-7-ene

DMSO: Dimethyl sulfoxide

EDX: Energy dispersive X-ray spectrocopy (Phuong
phép tdn xa nang lugng tia X)

FT-IR: Fourier-Transform infrared spectroscopy (Phé
hong ngoai bién déi Fourier)

NMR: Nuclear magnetic resonance (Phé cong hudng
tit hat nhan)

SEM: Scanning electron microscopy (Kinh hién vi
dién tt quét)

TEOS: Tetraethyl orthosilicate

TGA: Thermogravimetric analysis (Phan tich nhiét
trong lugng)

UV-VIS: UV-Visible spectroscopy (Phé hép thu tu
ngoai-kha kién)

XRD: X-ray powder diffraction (Phén tich nhiéu xa
tia X)

6: B¢ dich chuyén hoa hoc

J: Coupling constant (hang s& ghép)

s: Singlet (mai don)

d: Doublet (mui doi)

t: Triplet (mi ba)

m: Multiplet (mai da)

dd: Doublet of doublets (mui d6i-doi)

PONG GOP CUA CACTACGIA

Nguyén Thai Thé téng hop vét liéu xuc tac, do dac va
phén tich s6 liéu, cdu tric cac hgp chdt va viét ban
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Bang 1: Mét s céng trinh nghién ciru qua trinh chuyén héa xylose thanh furfural [Nguén: Nhém tac gial

Xdc tac

MC-SnOx-450 (20)

Sn-MMT (25)

TPA-TiO2 (21)

SP-170 (24)

H-Mordenite (22)

Fe304@8102@(CH2)3@DBU—SO;H = CuxCly (Nghlén
ctiu nay)

Dung moi Nhiét d6 phan ting Hiéu sudt
0 (%)

2-MTHF 180 53,9
SBP/NaCl-DMSO- 180 76,8

H20

MIBK 190 76,7

GVL 170 80,4
GVL/H20 175 80,0
DMSO 150 60,5+2,5

thao. Nguyén Tién Dat téng hop vat liéu xtc tic va

khao sat phan ting. Nguyén Trung Giang téng hop

vétliéu xdc téc. Tran Hoang Phuong hudng dan, téng

hop s6 liéu va viét ban thao.
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Nghién ctiu dugc tai trg bdi Pai hoc Quéc gia Thanh
phd H6 Chi Minh (PHQG-HCM) trong khudn khé
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ABSTRACT

Nowadays, the conversion of carbohydrate compounds into furan heterocycles is one of the
new trends in organic synthesis. However, a key concern is the use of homogeneous cata-
lysts, which are challenging to recover and reuse, and pose environmental toxicity risks. This
study aims to synthesize magnetic solid catalyst materials with good catalytic activity in the con-
version of xylose into furfural. In this study, magnetic ionic liquid material was synthesized by
immobilizing 1,8-diazabicyclo[5.4.0Jundec-7-ene ionic liquid on the surface of Fe304 nanoparti-
cles. Bronsted acid (-SO3H) and Lewis acid (Cu,Cl,™) sites were modified on this material and
applied as catalysts for the synthesis of furfural from xylose. The structure and properties of
Fe304@Si0,@(CH)3@DBU-SO3H-Cu,Cl, material was determined by FT-IR, XRD, TGA, SEM and
EDX. Various parameters in this chemical reaction, including the catalyst, catalyst amount, solvent,
solvent volume, reaction temperature, and reaction time, which influenced the efficiency of fur-
fural formation, were investigated. When the reaction was carried out with xylose (150 mg) in the
presence of Fe304@SiI0,@(CH,)3@DBU-SO3H-Cu,Cly, catalyst (25 mg) and DMSO solvent (3 mL) at
150 °C for 6 hours, the reaction yield was recorded as 60.47%. Furfural was isolated by column
chromatography, and its structure was confirmed by nuclear magnetic resonance spectroscopy
(*H and *C NMR). The Fe304@Si0,@(CH,)3@DBU-SO3H-Cu,Cly catalyst could be recovered and
reused three times without significantly changing the catalytic activity and original structure. This
isa green, simple, safe, and environmentally friendly method for the conversion of xylose to furfural.
Key words: Magnetic ionic liquid, 1, 8-diazabicyclo[5.4.0Jundec-7-ene, xylose, furfural
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