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Tom tit:

Chiit xiic tac silica- -amorphous carbon (SAC) gan nhém SO.H bang phuong phap than héa khong hoan toan glucose
va sulfon héa véi H,SO, dim dic da duoc diéu ché thanh cong va xac dinh cu tric biang phé hong ngoai (FTIR),
gian dd nhiéu Xa tla X (XRD), phwong phap pho tan sic nang lwgng tia X (EDX). Vit li€u nay dugc trng dung lam
xiic tac cho phan tng tong hop 5-hydroxymethylfurfural (HMF) tir cellulose dwéi sw hd tro ciia dung méi cong tinh
sau (DES - Deep eutectic solvent) choline chloride (ChCl):CrCl,. Cac két qua cho thiy, hiéu suidt HMF cao nhit
tai nhiét do phan wng 140°C trong 1 gio' véi ham lwong cellulose 162 mg, 1- ethyl—3 methylimidazolium chloride
([EMIM]CI) 6 mmol, xiic tac SAC 10 mg va DES ChCl:CrCl, 0,5 mmol. Dac biét, chét xic tic c6 kha nang thu hoi

va tai sir dung 3 lan voi hiéu suit giam khong dang ké trong qua trinh chuyen hoa cellulose thanh HMF.

Tir khoa: deep eutectic solvent, xuc tac silica-amorphous carbon, 5-hydroxymethylfurfural.

Chi s6 phén logi: 1.4

1. Dét van dé

Gan day, nhién liéu sinh hoc thé hé thir hai c6 ngudn gc tir
cellulose, hemicellulose, lignin da ra doi va dugc xem Ia nguén
nguyén lidu bén vimg [1-3]. St dung sinh khéi lignocellulose
c6 thé tao ra hop chit 2,5-dimethylfural hay con goi 1a xing
sinh hoc thay cho ngudn nhién liéu hoa thach [4-6]. Trong do,
mit xich glucose (fructose) chuyén hoa thanh HMF 1a mot mat
xich quan trong. HMF 1a 1 trong 10 hoa chat nhan dugc su
quan tdm hang dau trén thé gidi, cht hoa hoc nén ting tir sy
chuyén do6i carbohydrate (cellulose, tinh bot, inulin, glucose,
fructose...) thanh cac hop chit co gia tri [7-9]. HMF lan dau
tién duoc cong bd vao cudi thé ky XIX, khi dugc tong hop bing
inulin dun néng véi acid oxalic ¢ didu kién ap suat thap [10].
Tuy nhién, hiéu suét va do chon loc ctia san phé"im HMF tai thoi
diém d6 con rét thap. Trong nhiing thap ky gén day, mot so
phuong phap tong hop HMF dugc dua ra bang cach st dung
céac xuc tac dong thé va di thé, trong d6 co dé cap dén xiic tac
acid cho thay nhing két qua rat kha quan [11]. Ndm 1986, cic
nha khoa hoc da nghién ctru viéc hinh thanh HMF béng su mat
nuée cia fructose trong moi truong acid va quan sat thiy nong
do carbohydrate anh hudng dén hiéu suét hinh thanh HMF, véi
acid HCI 1a chat xdc tac, 4o chuyén hoa thu dugc dén 52%
va do chon loc HMF dén 63%. Su chuyén hoa gﬁn nhu hoan
toan cua fructose, glucose va manose duoc quan sat thiy voi sy
c6 mdt cua acid Brensted 1a H,SO, ¢ 120°C phan ung trong 4
gid, v6i dung moi chat 1ong ion [BMIM][CI] thu dugc do chon
loc HMF la 48% [12]. HMF dugc tmg dung rit nhiéu trong
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doi séng, dac biét 1a trong quy trinh téng hop xang sinh hoc
[13 14]. Céc acid Brensted nhu H,SO,, HMF la chét xuc tac
dong thé duoc sir dung khé phd blen tuy nhién viéc thu hoi d01
hoi nh1eu quy trinh va kho tai st dung [15]. Mot Vat liéu ran
¢6 d6 6n dinh cao va nhiéu acid ansted dugc gin trén SAC
13 mot xiic tic méi dap img yéu cau vé héa hoc xanh [16]. Xuc
tac SAC bao gdm tAm nho carbon thom da vong v6i cdc nhom
SO H va OH dinh kém nhu mét polymer [17 19] Xic tac SAC
gin nhom SO,H c6 thé duoc tai str dung nhiéu 1in thong qua xir
ly bang phan ung khu hoac loc, do do dugce xem la xtic tac xanh
trong tong hop hiru co [15].

2. Thuc nghiém
2.1. Héa chit

Ethyl acetate (>99%, Chemsol), acetone (>99%, Chemsol),
diethyl ether (>99%, Chemsol), ethanol (>99%, Chemsol),
chloroform (>99%, Chemsol), dichloromethane (>99%, Chemsol),
ethylene glycol (>99%, Chemsol), [EMIM]CI (>99%, Merck),
CrCl,.6H,0(>99%, Xilong), ZnCl, (>99%, Xilong), FeCl, (>99%,
Xilong), ChCl (>99%, Chemsol).

2.2. Thiét bi

Phan tng duoc thyc hién trén may khudy tir diéu nhiét IKA
RET BASIC (My), bon siéu am DR-MH20. Phuong phép pho
cong hudng tur hat nhan dugc thyc hién trén may Bruker Avance
II 500 MHz. Quang phé hong ngoai duoc ghi bing may FT-IR
Bruke (KBr).
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Abstract:

The silica-amorphous carbon bearing SO,H group was
synthesised by incomplete carbonisation of glucose and
sulfonation with concentrated H,SO, and the structure
was determined by FTIR, XRD, and EDX. In this study,
their catalytic activities were investigated in the synthesis
of 5-hydroxymethylfurfural (HMF) from cellulose with
choline chloride:CrCl, deep eutectic solvent (DES). The
results showed the highest yield of HMF at a reaction
temperature of 140°C for 1 h with 162 mg cellulose, 6 mmol
[EMIM]CI, 10 mg silica-amorphous carbon and 50% mol
DES ChCIL:CrCl,. In particular, the catalyst was able to
recover and reuse three times with a small decrease in yield
for the conversion of cellulose to HMF.

Keywords: deep eutectic solvent, silica-amorphous carbon,
5-hydroxymethylfurfural.

Classification number: 1.4

Dinh lugng HMF trong qué trinh khao sat diéu kién phan
(g dugc thyc hién trén may sic ky long hiéu ning cao Agilent
Technologies 1260 Infinity dAu do DAD, cot sic ky InertSustain
C18 (5 pum, 4,6x150 mm). Dinh luong glucose bing phuong
phap sic ky long hiéu nang cao (HPLC) Shimadzu, dau do
ELSD Alltech. Dit liéu HRMS (ESI) dugc thu thap bing Sciex
X500R QTOF.

2.3. Quy trinh diéu ché xic tic SAC [16]

Xuc tac SAC dugc tao ra tir viée dun hon hop silica gel 60
(0,04-0,06 mm) v glucose v6i khdi lugng 1,0 va 1,2 g trong
mot binh cau 25 ml ¢ 80°C trong vong 15 gid. Sau d6 than hoa
khong hoan toan ¢ 400°C trong vong 10 gio dudi dong khi N,
Trong sudt qué trinh than hoa, hon hop chuyén tir trang sang
den. Tiép theo, hon hop dugc sulfonate hoa bing H,SO, dac (5
ml) & 150°C trong vong 10 gid dudi dong khi Ar. Xuc tac tao
thanh duoc rira nhiéu lan véi nude cit nong cho dén khi khong
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con ion SO,* trong nude loc. Nudc rira dwoc thir véi dung dich
BaCl, cho dén khi khong con két tia tring sinh ra. Xuc tic duoc
say kho trong tii sdy & 100°C trong 2 gid (hinh 1).

SOzH
OH 3
Than héa HO, & op HOsS, £ oM
khong hoan toan _ o Sulfonate hoa HO SO4H
\ 400°C, 10 gioy, Ny o C; o MaSOu@). 150°C o™ T sogH
OH 10 gioy, khi Ar OH
Xdc tac carbon-silica Xdc téc carbon-silica
0 i R
80°C, 15 gio: gén SOSH

Hinh 1. Quy trinh diéu ché xuc tac SAC.
2.4. Phwong phdp diéu ché DES

DES la mot loai chit long ion thé hé méi dugc hinh thanh dya
trén phan ung giita chat cho hydrogen va chit nhan hydrogen
(theo ty 1& thich hop) ¢ 100°C dén khi thanh chit long dong
nhat. Trong do6, nhiét do néng chay cua DES thap hon nhiéu
s0 v6i thanh phan riéng 1¢ tao nén DES. Trong nghién ctru nay,
4 DES dugc tong hop véi quy mo theo ty 1¢ mol nhu bang 1 ¢
nhi¢t d6 100°C trong 30 phut.

Bang 1. Cac DES dung cho phan trng chuyén héa cellulose
thanh HMF.

DES Tylé mol  Quy mb diéu ché

ChCL:FeCl, 1:2 5 mmol ChCl va 10 mmol FeCl,
ChCl:ZnCl, 1:2 5 mmol ChCl va 10 mmol ZnCl,
ChCL:CrCl, 1:3 5 mmol ChCl va 15 mmol CrCl,

[EMIM]CLZHO)CL, 11 5 mmol [EMIM]CI va 10 mmol Zr(O)Cl,

2.5. Quy trinh tong hop HMF

Cho hdn hop cellulose (126 mg), dung méi [EMIM]CI
(6 mmol), xtc tic SAC va DES vao binh cau 25 ml. Hon hop
phan tmg duoc dun nong bang bép khudy tir & nhiét do 100,
140, 160 va 200°C trong 24 gio. Tién trinh ciia phan tng duoc
theo ddi va dinh lugng HMF sinh ra bang HPLC. Viéc tinh ché
san pham HMF tir hdn hop phan g dugc thyc hién bang cach
trich hdn hop san pham sau phan tng ethyl acetate voi diethyl
ether (9:1) cho dén khi khao sat sic ky ban mong (TLC) thay
dung dich hdn hop khong con vét HMF. Tién hanh sic ky cot
trén silica gel dé thu dugc HMF véi hé giai ly 1a ethyl acetate/
hexane. San pham dugc x4c dinh cdu trac bang HRMS va NMR.

'H-NMR (500 MHz, CDCL,): 8 9,58 (s, 1H), 7,21 (d, J=3,2
Hz, 1H), 6,51 (d, J/=3,2 Hz, 1H) va 4,71 (s, 2H).

BC-NMR (125 MHz, CDCL,): § 178,0, 159,5, 153,4, 123,1,
110,2 va 58,0.

HRMS (ESI) C,H,O, [M]+: m/z theo tinh toan 1a 127,0395,
két qua tim duoc 13 127,0379.
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3. Két qua va ban luan
3.1. Xac dinh céu triie ciia xic tic SAC

Xtc tac SAC co gin nhom SO,H duoc diéu ché bang phan
mg than hoa nhimg hop chat glucose VOl sy co mat cua silica
[20]. O budc dau tién, glucose va silica dugc nhiét phan dudi
moi truong khi N, ¢ nhiét do cao 400°C. Lién két C- O-C bi
dtt gdy dan dén tao thanh nhiéu vong carbon hon va cu tric
carbon vo dinh hinh. Sau d6, nhém SO,H dugc gin vao bang
phdn Ung sulfonate hoa véi H SO, dam dac Néu nhiét do than
hoa cao hon xuc tac carbon s¢ tror nen cung hon va phan huy cac
chudi carbon [21]. Tréi lai, néu than hoa ¢ nhiét do thép hon thi
kich thugc cac 16p carbon s€ nho hon. Do do, mét do SOH s&
16n hon vi nhom nay chi dugc dinh vao ria cua 16p carbon. Tai
400°C 1a nhi¢t do khdo sat ma phan Ung than hoéa cho mat d¢
SO,H cao nhét theo tai liéu tham khao da dugc cong b6 [22, 23].

Phd FT—IR (hinh 2) cia xic tic SAC (a) cho thiy tai vi tri
1655,90 cm ¢6 miii C=C trong céc vong thom. Tai 3391,08 em™
14 tin hiéu hp thu ciia nhém OH. Dong thi céc tin hiéu hip thu
tai 1460, 1101,64 cm™ la dao dong bt dbi xtmg va ddi ximg cua
ndi 0=8=0. Tir do, xiic tic SAC c6 chira nhom SO,H dugc hinh
thanh Tin hi¢u hap thu cac lién két Si-O-Si dao dong 1030-1100
cm! nén c6 thé tring v6i cua O=S=0, phi hop véi tai liéu di
cong bd trude day [16]. Két qua gian 6 XRD (hinh 3) ciia xic tic
didu ché dugc cho thay mot tin hiéu nhidu xa C(002) & va rong
(26=10-30°) trung trung khop voi cong b6 ciia P. Gupta va S. Paul
(2011) [16]. Gian do EDX (hinh 4) cho thay co su xuat hién cta C,
0, Siva S trong cdu triic ctia xuc tac. Két hop céc s0 liéu tir FTIR,
XRD va EDX cho thiy xuc tic dd duoc diéu ché thanh cong.

b

3391,08 1655,90

1101,64

T T T T
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S6 séng (cm™)

Hinh 2. Phé FT-IR cia xc tac SAC (a) va thu hdi (b).
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Hinh 3. Gian dé XRD cua xuc tac SAC gan SO, H.
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Hinh 4. Phé EDX cua xuc tac SAC gan SO H.

3.2. Cdu triic ciia DES ChCI:CrCl,

TU hinh 5, phd FT-IR ciia ChCl (a) tai vi tri 3570,08 cm!
c6 su xudt hién cia nhém OH, tin hidu ndi C-H tai
2957,76 c¢cm’. Tai 1091,49 cm?! 1a tin hiéu cia C-N va
950,9 cm™ 1a tin hi¢u cua C-O trong ChCl. Céc tin hiéu déc
trung ctia ChCl déu xuét hién trén DES ChCL:CrClL. Puong
cong TGA cua DES ChCIL:CrCl, (hinh 6) cho théy c6 sy mat
nude dudi 150°C, sy phan hiy cua cac vat liéu hitu co c6 trong
DES ¢ 170°C va phan hity hoan toan ¢ 450°C. Phd Raman (hinh
7) cho thiy dao dong ndi Cr-Cl ¢ khoang 320-370 cm™ [24].
Tir c4c dir liéu trén cho thy DES da dugc diéu ché thanh cong.

b

0.90

3570.08 1478.18 1001.49

2957.76
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Hinh 5. Phé FT-IR ctuia ChCl (a) va DES ChCI:CrCl, (b).
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Hinh 6. Phé TGA cta DES ChCI:CrCl,.
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Hinh 7. Ph6é Raman ctia DES ChCI:CrCl,.
3.3. Kho sdt diéu kién phdn irng

Diéu kién phan umg khao sat: cellulose (162 mg), [EMIM]CI
(6 mmol), xtic tac SAC (0, 10 va 20 mg) va DES (50 va 100%
mol) khudy tir & 100, 140, 160 va 20°C trong 24 gio.

Anh hwong ciia nhiét dg va thoi gian t6i phan vmg: Thoi gian
va nhiét d¢ 1a cac yéu t6 quan trong anh huong dén viéc tong hop
HMEF. Két qua hinh 8 cho théy, & 160°C hiéu suat HMF dat duogc
4% tai 1 gio va giam dan dén 9 gio thi khong thiy sy xuat hién
ctia HMF, khi ting nhiét do 1én 200°C, hiéu suat HMF rat thap
(<1%). Tir @6 c6 thé xac nhan rang, nhiét do cao hon dan dén
su phan hity HMF va hinh thanh cac san pham phu, dong thoi
cting lam DES ChCl:CrCl, mat kha nang hoat dong. Khi thuc
hién phan ting & nhiét d6 100 va 140°C trong 1 gio dau hi¢u suat
HMEF lan lugt 1a 6 va 10%. O ca hai nhiét d¢ thi hi¢u sudt HMF
lic dau déu ting. Nhung khi hiéu suat dat gia tri toi da, thoi gian
cang dai thi hidu suat HMF cang giam do HMF bi phan hiyy
theo thoi gian. Tir d6 ¢6 thé thdy rang, sau 1 gid phan tmg hiéu
suat HMF dat dugc 1a 10% va hiéu suit cao nhit 13 12% tai 9
git & 140°C. Nhung xét vé mat kinh té va thoi gian thi 1 gio co
thé dwoc xem 1a thoi gian t6i wu cho vide tong hop HMF do sy
chénh léch hiéu suat HMF tai 9 gio khong dang ké (xap xi 2%).

Hiéu suat HMF (%)
L)
)

6 °
[ ]

4l a R

A
2 -

4 A

v v

04 Ty v ba & & = *
0 5 10 15 20 25

Thoi gian (gio)

Hinh 8. Khao sat anh hwéng cua nhiét dg.
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Anh hwong ciia DES: Két qua hinh 9 cho thdy, véi DES
ChCI:CrCl, va DES ChCI:FeCl, cho hiéu suit HMF lic dau déu
tang, sau d6 giam dan, tuy nhién hiéu suat cia DES ChCL:.CrCl,
van cao hon. Riéng DES ChCl:ZnCl, cho lugng HMF tang dan
theo thoi gian. V6i DES [EMIM]CIL:Zr(O)Cl, thi khong c6 hi¢u
qua cho phan g chuyén hoa cellulose thanh HMF. Qua khao
sat nhan théy, DES ChCIL:CrCl, cho hi¢u sudt HMF cao nhat
trong cac DES do db acid Lewis ciia Cr** manh hon, gitip dong
phan hoa glucose thanh fructose [25]. Do d6, DES ChCIL:CrCl,
dwoc chon 1am chat xuc tic cho qua trinh chuyén doi cellulose
thanh HMF.

141 = ChCIL:CrCl,
® ChCI:FeCl,
121 -, " 4 ChClznCl,
104 gEE - v [EMIM]CI:Zr(O)Cl,,
F
o 8-
=
=
& 64 - A
a A
2 n
4 .
. A
2_ ee® 4 2 2 2 ° ° L
AAAd
0 - YY v v ¥ v v v v
T T T r . .
0 5 10 15 20 25
Theoi gian (gio)

Hinh 9. Khao sat anh hwéng cua DES.

Anh hwong ciia xiic tic SAC: Két qua hinh 10 cho thay, khi
khong c6 xuc tac thi hiéu suat HMF xép xi 5%; khi cho thém
xtic tic SAC vao phan tmg thi hidu sudt HMF ting Ién dang
ké 13 10% (gap doi so v6i khong co xic tac). Diéu nay ching
t6 qua trinh dehydrate hoa fructose thanh HMF duoc dién ra
nhanh hon do nhém SO,H gin trén cac 16p carbon vo dinh hinh
tiép can t6t v6i chit phan tng.

12 4 - - ] Cé_sir dl_J’ng 3(1'1(: tac
n e Khong xuc tac
10 - "L -
9
£ 8-
T
-
3
U G_ [ |
@ .
£ e®e
]
4 - ° -
L
2 -
. .
® .
0 T T T T T T
0 5 10 15 20 25
Thoi gian (gio)

Hinh 10. Khao sat anh hwéng cua xuc tac SAC.
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Anh hieong ham heong xiic tae SAC va DES dén phan img:
Vi ham luong 10 mg xuc tdc SAC va 50% mol DES s€ cho
hiéu suat cao nhat, khi ting luong xuc tic 1én 20 mg thi hiéu
suit chi bang mot ntra (hinh 11). Véi viée tang luong DES 1én
100% mol déu cho hiéu suit HMF khong cao (<5%) do do nhét
hén hop tang (hinh 11).

14 4 ® 10 mg + 50 mol%
® 10 mg + 100 mol%
12 = a 20 mg + 50 mol%
u v 20 mg + 100 mol%
10 - mEm .
~ 84
&
E 6+ u
> v
g v | |
2 41 ° "
=] x.
Q-
T 24 : 1 .
* 9 v
04 v
T T T T T T
0 5 10 15 20 25

Thei gian (gio)
Hinh 11. Anh hwéng ctia ham lweng xic tac SAC va DES.

Tdc do thiy phan cellulose kha nhanh, hon nita glucose va
HMF dugc san xuit thong qua qua trinh thity phan cellulose
cting tang 1én. Khi lvgng DES ChCl:CrCl, vuot qua 50% mol,
san lvong cia HMF chi tang nhe va sau d6 giam 16 rét. ChCl
anh huong tryc tiép dén d¢ acid va kiém ctia hé¢ thong phan
tmg. Khi lugng DES ChCI:CrCl, dung qua cao, ndng do cac
chét phan tmg bi pha lodng va d¢ nhét dung dich ting, do d6
lam giam qua trinh thuy phan cellulose thanh glucose.

Xuc tac SAC thuc day t6t qua trinh chuyén doi fructose
thanh HMF. Nhung khi ting ham Iuong xuc tac thanh 20 mg
thi hiéu suat HMF giam. Diéu nay c6 thé dugc giai thich bang
su phan hay HMF thanh san pham phu do ting qua nhiéu
luong xuc tac SAC. Vi vay, voi 10 mg xuc tdc SAC va 50%
mol DES ChCI:CrCl, s€ la diéu kién tot cho phan tmg tong
hop HMF tur cellulose.

3.4. Thu héi va tdi siv dung chit xic tdc

Cellulose (162 mg), [EMIM]CI (6 mmol), 50% mol DES
ChCL:CrCl, khudy tir ¢ 140°C va 10 mg xtc tac SAC trong
1 gio. Sau d6, thu hoi va rira xiic tac véi ethanol réi dem sdy
kho, sau d6 tiép tuc tién hanh phan Gmg véi diéu kién trén.

JHOAHOC . -

10,15
1 ) 9,95

10 : 9,42

8 -
9
g 6,48
3 6-
&
3
w
&
£ 47

2-

0

1 2 3 4

Lin

Hinh 12. Hiéu suat HMF khi tai ste dung xuc tac SAC.

Két qua hinh 12 cho thay, hiéu suat HMF dat dwgc hon 10%
trong lan dAu tién str dung xiic tic SAC va giam xudng con hon
6% sau 4 1an st dung. Trong 3 1an dau tién, hi¢u suat HMF thay
d6i khong déng ké, do d6 xuc tac SAC thu hdi van cho hiéu
suat HMF twong duong nhau. Diéu nay cho thiy chét xuc tac
SAC vén duy tri tot hoat dong dé chuyén cellulose thanh HMF
sau khi str dung 3 1an.

4. Két luan

Chét xiic tic SAC véi tam acid Brensted da duoc diéu ché
bang cach than hoa khong hoan toan cta D-glucose, sau do6 la
sulfonate hoa voi H SO, dé tao ra xuc tac ran cé tinh acid. Vi
1a xtc tic di thé nén c6 uu diém trong viéc thu hdi va tai st
dung, di ¢6 nhiéu hudng nghién ctru vé xic tac nay dé tng
dung vao tong hop cac hop chit quan trong. Xuc tac dugc thir
nghiém hoat tinh trong viéc téng hop HMF tir cellulose trong
ChCL:CrCl,. Pic biét, chit xtic tac c6 kha nang thu hoi va tai
sir dung 3 1an véi hidu sut gan nhu khong thay doi trong qua
trinh chuyén héa cellulose thanh HMF. Két qua nghién ciru
cho thiy, hiéu sut HMF t6i wu tai nhiét do phan Gmg 140°C
trong 1 gio vdéi ham luong cellulose 162 mg, [EMIM]CI 6
mmol, xtic tic SAC 10 mg va DES ChCI:CrCl, 50% mol.

Trong phan tmg téng hop HMF tir cellulose sir dung DES
ChCL:CrCl, dé thiic dy qua trinh ddng phan hoa glucose thanh
fructose, tuy nhién vi¢c thu hdi DES khong dugc kha thi. Cén
tao ra mot xuc tac di thé c6 ca tdm acid Lewis va Bronsted dé
tang hiéu suit tong hop HMF ciing nhu thu hoi va tai sir dung.
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