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ABSTRACT

A low-cost and efficient solid Brensted acid catalyst was successfully
synthesized by sulfonating a carbon substrate derived from
mangosteen peel, denoted as PC-SOsH. This bio-based carbon
material, after functionalization with =SOsH groups, was employed as a
heterogeneous catalyst for the conversion of fructose into 5-
hydroxymethylfurfural (HMF), an important platform compound in the
production of furan-based derivatives. The reaction was conducted at
120°C for 2 hours, yielding an HMF selectivity of up to 71.6%. In
addition, reaction parameters were investigated to evaluate their
influence on conversion efficiency and product selectivity. The study
results demonstrated that PC-SOsH not only exhibited high catalytic
performance but also showed promising potential for practical
application in biomass-based chemical synthesis processes due to its
reusability. Based on experimental data and catalyst characterization
techniques, including FTIR, Raman, SEM-EDX, a reaction mechanism
was proposed for the dehydration of fructose catalyzed by PC-SOsH.

Gidi thiéu chung

trir lugng I6n ma con cho théy hoat tinh cao, qua do
dugc coi la cg chat tiém néng cho qué trinh tai ché

Trudc nhiing thach thiic méi truGng va nhu cau vé tai
nguyén bén viing, thé gidi dang cé xu hudng chuyén
giao sang sU dung nang lugng téi tao [1]. Trong s& do,
sinh khéi dugc quan tdm nhd trr lugng doi dao, chi
phi hgp ly va kha nang téi tao. Thanh phan chinh cta
sinh khéi 1a cac dudng don, co thé lam tién chat cho
héa chat va nhién liéu sinh hoc [2]. Fructose 1a mot loai
dudng daon trong tu nhién, c6 uu diém khong chi cé
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hoa hoc [3]. Bac biét, fructose thudng dugc Ung dung
trong qué trinh t6ng hogp 5-hydroxymethylfurfural
(HMF) — mét dan xudt quan trong tir géc sinh khdi.
HMF c6 thé lam chét nén dé téng hop cac hap chét ¢
gia tri cao hay cac polymer géc furan [4]. Hop chét nay
con ¢é thé dudce chuyén thanh cac nhién liéu sinh hoc
nhu ethyl levulinate, 5-ethoxymethylfurfural, va 2,5-
dimethylfuran (DMF), cling nhu cac hda chét cong
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nghiép thiét yéu nhu levulinic acid, furfuryl alcohol, 2,5-
diformylfuran (DFF) va 2,5-furandicarboxylic acid
(FDCA) [4, 5]. Do dé, phuong phép t6ng hop HMF tir
dudng da dugc nghién clitu rong rdi vi cac lgi ich kinh
t€ clia no, tUr d6 o thé thdy rang nghién cliu ché tao
vat liéu carbon tUr vo qué mang cut va chiic ndng hoa
bang chlorosulfonic acid lam xdc tac cho phan Ung
chuyén hoa fructose thanh HMF |a mét trong nhiing
quy trinh xanh va nghién ciu tiém nang [6]. Viéc Ung
dung cac xdc tac di thé vao quy trinh bién déi dusng
thanh HMF la dugc danh gia la mét hudng di mdi va
bén viing [7]. Cac hgp chéat nay bao gbm vat liéu chia
carbon, vat liéu x6p, hoac khung cg-kim (MOFs) c6
tinh acid don chiic hodc aicd da chuc nang [7, 8].
Wang va céng su da gidi thiéu mot loai acid ran trén
bién tinh bé mat carbon (LDMC-Alo2-Sos-300), hiéu suét
hinh thanh HMF kha t6t, dugc ghi nhén khoang 66,1%
tai 170 °C trong 1 gic [9].

Gan day, vat liéu carbon dugc xem la vat liéu day hua
hen nh& cdu trdc va tinh chét cliia né. Trong bai béo
nay, ching t6i nhdn manh mét trong nhiing dac tinh
quan trong kha nang xUc tac phan ung khir nudc cla
fructose dé tao thanh HMF [10]. Vat liéu arbon dugc suf
dung trong céc thi nghiém nay nhg uu thé vugt tréi so
v3i cac xdc tac khac [10, 11]. Deshan va cong su da tién
hanh cac thi nghiém va két luan rang, dudi diéu kién
nhiét khdc nghiét, vat liéu carbon bién tinh bé mat co
thé thay thé hoan hdo cho cac xuc tac acid Brgnsted
hodc tinh base nha tinh kinh t&, khd nang téng hop
thuan Igi va dd én dinh hda hoc cao [12]. Bac diém ndi
bat clia nd la dién tich bé mat riéng I6n vdi cdu tric
x6p ba chiéu, cho phép lién két va phan bd nhém —
SOsH trén bé mat, day la yéu t6 then chét trong phan
Ung khit nuéc fructose dé tao HMF.

1. Xir ly
v

2.Nung 500°C, 4h

Porouscarbon

0O,

1.0 ,12h

2.CISO3H, 4 h

Trong nghién clu nay, ching téi phat trién mét loai
xUc tac carbon dugc diéu ché tir ngudn phé phdm
ndng nghiép la vo mang cuc. Vat liéu carbon cd ngudn
géc sinh hoc nay, sau khi dugc chic héa véi cadc nhdm
—-SOs3H, d& dugc sit dung lam xuc tac di thé cho qué
trinh chuyén hoa fructose thanh HMF mét hop chét
nén quan trong trong san xudt cac dan xudt furan co
gia tri cao. Cac phuang phép phén tich cdu trdc hién
dai nhu FTIR, Raman, EDX, anh SEM dugc si dung dé
xac dinh cau tric cla chét xic tac. Hoat tinh xUc tac
dugc danh gia thdng qua cac yéu t6 nhu anh hudng
cla nhiét dé phan Ung, khéi lugng chét xdc tac, thé
tich dung méi va dung méi phan Ung nham chon ra
diéu kién thich hgp cho phan Ung.

Thyc nghiém va phuang phap nghién cdu
Diéu ché vat ligu PC-SOsH

V& mang cut dugc sdy kho, nghién min va sang dé thu
dugc nguyén liéu co kich thudc dong nhat. Can 2 g
sinh khéi tron vai 200 mg KOH, sau dé tién hanh nhiét
phan & 500 °C trong 4 gig dudi moi truong khi trg, thu
dugc vat liéu carbon (PC). Tiép theo, 1 g PC dugc phan
tan trong hén hop gém 1,4-butane sultone (1,5 mmol)
va toluen (15 mL), khudy lién tuc va dun hoi luu & 110
°C trong 12 gi¢. Sau khi lam ngudi dén nhiét dé
phong, cho thém 2 mL chlorosulfonic acid (CISOsH) va
tiép tuc khudy thém 4 gid. San pham rén mau den
dugc ria nhiéu 1an véi nudc khir ion cho dén khi pH
trung tinh, sau do sdy & 80 °C trong 12 gid. Vat liéu
cudi cung dugc ky hiéu la PC-SO3H (So d6 1). Béi vdi
cac loai xUc tac tuong tu, thay chlorosulfonic acid bang
HCl, H2SO4, TsOH va HNOs ta thu dugc xdc tac PC-
HCl, PC-H2S04, PC-TsOH va PC-HNO:.

1. Rura bang

nudéc cat X
?

»

2. Drying

PC-SO;H

Sa dd 1: Quy trinh téng hgp xuc tac PC-SO3H

Quy trinh diéu ché HMF str dung xtc tdc PC-SOsH

Trong thi nghiém dién hinh, fructose (1 mmol, 180 mg),
xUc tac PC-SOsH (15 mg) va dung méi (3 mL) dugc cho
vao binh phan Ung dat trén bép cé khudy tir . Nghién
clitu khdo sat anh hudng cua loai acid, nhiét dé (100,

120, 140 °C), thé tich dung mdi (1-7 mL) va lugng xuc
tac (5-30 mg). Tai cac khodng thdgi gian xac dinh (10,
30, 60, 120, 180 va 240 phut), cac mau dudgc trich, can,
pha lodng bang nudc cét, roi loc qua mang 0.45 pm
vao cac vial 1.5 mL. Sau d6, mau dugc phan tich bang
HPLC (Agilent 1200 Infinity) trang bi dau do da budc
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séng & 285 nm. Phan tich HPLC dugc thuc hién trén
c6t InertSustain C18 (5 pym, 4,6 x 150 mm) vd&i pha
déng H,O (0,1% TFA)/methanol (8:2), t6c dé dong 0.7
mL/phut, thé tich tiém 10 L. Hiéu sudt HMF dugc tinh
theo cong thic sau:

S6 mol HMF sinhra x 100

Hiéu suat HMF (%) = —
; (%) s6 mol Fructose ban dau

Két qua va thao luan
Bdic trung xdc tdc

Ph& FITR dugc si dung dé xac dinh cdu trdc cla cac
nhém chiic cd trén bé mat xdc tdc PC-SOsH (Hinh 1.a).
Tin hiéu hap thu tai khoang 3000-3600 cm™ tuong Ung
véi dao déng kéo gian -OH, chi ra su hién dién cta cac
nhém -OH trén bé mat mau. M6t dai kéo gian Csp?
yéu dugc quan sat thdy gitra 2850-3000 cm™' dudc quy
két cho cac nhém methylene (-CH2-), cho thay 1,4-
butane sultone da dugc ghép thanh cdng vao khung
carbon(chat mang carbon) [13]. Tin hiéu hap thu manh
trong khoang 1250-1000 cm™, dugc quy két cho cac
dao déng kéo gidn cla S=0O cla nhom -SOsH [14].

Hon nlfa, ca PC va PC-SOsH déu thé hién cac dai hdp
thu tuang Ung vdi su kéo dai C-O vdi tin hiéu hap thu
khoang 1250-1500 cm™ va dao déng C=0 dugc ghi
nhan tai ving tin hiéu khoang 1500-1750 cm™[13].

Ph& Raman clia xUc tac PC-SOsH (Hinh 1.b) cho thay
hai dai dac trung cla cau trdc carbon vé dinh hinh
trong dé dai D xudt hién tai khoang 1350 cm™, lién
quan dén dao dong thd cla vong sp? bi khuyét tat va
dai G tai 1580 cm™, biéu thi dao dong kéo dai cla lién
két C=C trong mang graphitic carbon [15]. Ty s& cudng
dé Ip/le dat khodng 0,75, cho thdy mic dé khuyét tat
cao, dac trung cho vat liéu carbon da dugc bién tinh.

Két qua phS EDX cla xtc tac PC-SOsH (Hinh 1.¢) cho
thdy su hién dién chu yéu cla cac nguyén t6 C, O, N, Cl
va S (Hinh 3). Nguyén t& carbon chiém ti 1é cao nhét
(khodng 68%), phan anh ban chét nén carbon cla véat
liéu. Oxygen xudt hién véi ham lugng déang ké (khoang
22,8%), lién quan dén cac nhom chic oxid hda nhu -
OH, C=0 hoac O-SOzH trén bé mat. Su xuét hién cla
luu huynh chiém khoang 3,36% theo khéi lugng, chiing
minh qué trinh sulfonat hoa da dién ra thanh cong, cac
nhém —SOsH dugc gén vao (bé mat chdt mang).
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Hinh 1: PhS FTIR (a), phé Raman (b) va phd EDX clia xtc tac PC-SO3H

Anh kinh hién vi dién tr quét (SEM) cla xuc tac PC-
SOs3H (Hinh 2.a) cho thdy bé mat vat liéu cd cdu tric
x8p, dac trung cla carbon vé dinh hinh sau qué trinh
sulfonat hda. Cac hat carbon cé hinh dang gén cau
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hodc manh vun, lién két tao mang Iudi long 1éo véi
nhiéu 16 x8p va khe ranh, gép phan gia ting dién tich
bé mat tiép xuc. Sy hién dién cla cac ving nhan va go
ghé chiing t6 bé mat ban dau da bi pha v& mét phan
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do tac déng clia qué trinh xUr ly hda hoc, dong thdi tao
diéu kién cho su phan tan dong déu cac nhém -SOsH
trén bé mat.

Hinh 2: Anh SEM (a) v& EDX-mapping (b) clia xtc tac
PC-SOsH

Ngoai ra, két qud EDX-mapping (Hinh 2.b) cho thay
cac nguyén t6 C, O, N, Cl va S dugc phan bé dong
déu trén toan bo bé mat vat liéu, gop phan khang dinh
cac nhom -SOsH gan déu trén khung carbon, tao diéu
kién thuan Ioi cho cac phan Ung chuyén hoa sinh khéi.

Hoat tinh xdc tdc PC-SOsH trong chuyén héa fructose
thanh HMF

Anh hudng cia loai acid

Viéc danh gia hoat tinh xUc tac cla vat liéu carbon
bién tinh v&i cac nhdm acid khac nhau cho théy su
khac biét rd rét vé hiéu sudt tao HMF, qua dé khing
dinh vai tro quan trong cda ban chét va dé manh acid
trong phan Ung khir nudc tu fructose. Céc thi nghiém
khdo sat anh hudng cla loai axit dugc thuc hién vdi
céc xuc tac da duoc acid hoa bang cac loai acid khac
nhau gdm HCI, HNOs, H2SOs4, CISOsH, TsOH. Phan
Ung dugc tién hanh vdi fructose (1.0 mmol) va xdc tac
(15 mg) trong DMSO (3 mL) & 120 °C trong 120 phut.
Nhu thé hién & Hinh 3a, xic tac PC bién tinh bang
CISOs3H cho hiéu sudt HMF cao nhét (dat khoang 73%),
cho théy su hién dién cliia nhom sulfonic chloride dé
gia tang dang k€ tinh acid Bransted va nang cao hiéu
qud xUc tac. Cac acid v6 ¢ nhu HNOs va HCl cling
cho théy kha nang xuc tdc & muc trung binh, véi hiéu
sudt HMF [an luct 1a 58% va 52%, trong khi H2SO4 chi
dat khodng 42%. Déi véi acid hiiu g, xtc tac PC bién
tinh bang TsOH cho hiéu su&t HMF thdp (dat khoadng

42%). Nguyén nhan co thé bat nguodn ti tinh acid chua
dd manh hodc can tra 1ap thé quanh nhém sulfonic,
lam han ché su tiép can cla phan tu fructose t&i tam
hoat tinh [16, 17]. Nhin chung, PC dugc bién tinh bang
CISOsH dugc xac dinh la xic tac phu hgp va dugc lya
chon cho cac nghién clu tiép theo trong qua trinh
t6ng hop HMF.

Anh hudng ctia nhiét dé phdn ting

Nhiét d6 phan Ung déng vai trd quan trong trong
phan Ung téng hogp HMF. Quéa trinh chuyén hoa
fructose thanh HMF trdi qua giai doan khif ba phan tu
nudc, thudng tén nhiéu nang lugng va thai gian. Cac
thi nghiém khao sat dnh hudng ctia nhiét dé dugc tién
hanh & 100 °C, 120 °C va 140 °C vdi fructose (1,0 mmol)
va PC-SOsH (15 mg) trong DMSO (3 mL). Anh hudng
clia nhiét dé dén hiéu suat HMF trong 240 phut phan
Ung dugc thé hién & Hinh 3b . Két qua cho thay, khi
tdng nhiét dé tir 100 °C 1én 120 °C, hiéu sudt HMF tang
dang ké tai tat ca cac thai diém. Cu thé, tai 240 phut,
hiéu sudt dat cao nhat khoang 62% & 100 °C va 79% &
120 °C. Tuy nhién, khi tiép tuc tdng nhiét dé 1én 140 °C,
mac du hiéu suat ban dau cao haon 100 °C, song nhin
chung thdp hon so vdi 120 °C, dac biét khi thai gian
phan Ung dugc kéo dai (=120 phut). Nguyén nhan c6
thé do & nhiét d6 cao, HMF dé bi phan hly hodc tham
gia cac phan Ung phu nhu téi hydrate hda thanh
levulinic acid va formic acid, hoac trung ngung tao
humin [18, 19]. TU cac két qud trén, co thé xac dinh
120°C la nhiét d6 phan Ung t6i uu, via ddm bdo hiéu
suét hinh thanh HMF cao, vla han ché su suy gidm san
ph&m do cac phan tng phu khdbng mong mudn.

Anh huding ctia khéi lugng chdt xuc tdc

Khéi lugng xdc tac dong vai trd quan trong qua trinh
chuyén hoa carbohydrate thanh HMF, anh hudng dén
téc db phan Ung, dén hiéu sudt va dé chon loc san
phdm. Trong thi nghiém nay, chung t6i d& tién hanh
khdo sat anh hudng cta khdi lugng xdc tac dén phan
Ung t6ng hgp HMF. Hinh 3.c trinh bay anh hudng cla
khéi lugng xUc tac dén qua trinh tng hop HMF t
fructose (1 mmol) trong dung moi DMSO (3 mL) &
120°C trong 240 phut, véi cac khéi lugng xtc tac 5 mg,
10 mg, 15 mg va 30 mg. Két qué cho théy tai 10 phdt,
cd bén phédn Ung déu ghi nhan su hinh thanh HMF.
Péng chuy, & khéi lugng 15 mg xdc tac, hiéu sudt HMF
dat 79,4% cao hon so vdi 30 mg trong cac thai diém
phan Ung. B&i véi 30 mg xUc tac, hiéu suét ban dau
tdng nhanh nhung gidm nhe (0,6%) tai 120 phut so vdi
60 phut, do mét phan HMF bi tring hgp hodc phéan
hay thanh san phédm phu khi mat dé tdm acid du thira
https://doi.org/10.62239/jca.2025.056
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[20]. Nguac lai, khi s&r dung khéi lugng xdc tac 5 mg va
10 mg, phan Ung cho hiéu sudt thdp dang ké. Khi khao
sat 10 mg, c6 thé thay sau 120 phut lai c6 su hut hiéu
suat cao han cac khéi lugng con lai. Diéu nay co thé
dén tu sy phén hay ctia HMF do lugng nudc sinh ra
ma khong bi gilr lai trén bé mat xic tac gay ra su tai
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hydrate HMF va tao thanh cac humins lam gidm hiéu
suét phan Ung. Nhu vay, 15 mg dugc xac dinh la khéi
luong xUc tac t6i uu, vira dam bao hiéu suét chuyén
héa fructose cao vua han ché cac phan Ung phu
khéng mong mudn nhu téi hydrate hoa tao levulinic
acid va formic acid.
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Hinh 3: Anh hudng clia cac didu kién phan ting dén hiéu suat chuyén hda fructose thanh HMF. Anh hudng cda loai
acid trong qué trinh acid héa (a), anh hudng clda nhiét d6 (b), anh hudng cla khéi lugng xUc tac () va anh hudng
clia thé tich DMSO (d).

Anh hudng ctia thé tich dung mdi phdn ting

Trong nhiéu bao céo trudc day, DMSO da dugc ching
minh & dung mdi hitu co hiéu quéd trong qué trinh
chuyén hoa fructose thanh HMF [21, 22]. Cung vdi do,
t6c dé phan Ung trong pha 1dng st dung xdc tac ran
thudng bi dnh hudng rét nhiéu bdi lugng dung maoi st
dung do qué trinh truyén khéi [21]. Do dé, anh hudng
clia thé tich dung méi DMSO (1 mL, 3 mL va 5 mL) da
dugc nghién clu trong khodng thdi gian phan Ung
240 phut & 120 °C vdi fructose (1 mmol) va PC-SOsH
(15 mg). Két qua cho thay, hiéu sudt HMF tang r& rét
khi tang thé tich dung méi t 1 mL 1én 3 mL, nhung
gidam dang k€ khi ti€p tuc tang 1én 5 mL. V& 1 mL
DMSO, hiéu sudt dat 11,1% tai 10 phut, dat cao nhat
57,3% tai 60 phut, sau do gidm xudng con 48,8%. Khi
st dung 5 mL, phédn Ung cho xu hudng tuang tu vdi 1
mL, dat 12,9% tai 30 phut, dat t6i da 57,2% tai 120
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phut, rdi gidm xudng 41,6% tai 240 phut. Bang cha v,
véi 3 mL dung moéi DMSO, phan Ung téng hgp HMF
cho théy hiéu sudt HMF cao han so v&i 1 mL va 5 mL,
hiéu sudt HMF dat 25,4% sau 10 phut va dat cao nhét
79,2% tai 240 phut. Xu hudng tang déu nay khac biét
so v&i hai thi nghiém con lai, c6 thé do su han ché
phan hdy hodc tai hydrate hda cla HMF. TU céc két
qua trén, cd thé xac dinh 3 mL la thé tich dung méi
DMSO t6i uu cho phan Ung t8ng hap HMF.

Phdc thdo co ché

Ca ché khu nudc fructose thanh HMF dudi xuc tac PC-
SOsH dugc dién ra thédng qua qué trinh proton hda va
loai nudc tuan ty dudi tdc déng cla cac tam acid
Bragnsted trén bé mat xdc tac [23]. Dau tién, nhém -
SOsH proton hdéa nhom hydroxyl cla fructose, lam
tdng tinh &i dién t va tao diéu kién cho su tach nudc.
Cac giai doan khir nudc lién tiép nay dan dén su hinh
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thanh vong furan én dinh vé mat cong hudng, déng
thai loai bd ba phan t&r H20. Cubi cing, san phdm
HMF dugc tao thanh, mang cdu trdc furan véi hai
nhom chdc hydroxymethyl va hydroxyl. Nhu vay, su

HO_ //

Adsorption, 14 —issue 4 (2025) 12-18

hién dién cla tdm acid Brgnsted trén PC-SOsH déng
vai tro then chét trong viéc thuc ddy qué trinh khir
nudc va én dinh céc trung gian phan Ung, hinh thanh
chon loc HMF tU fructose.

. @
o OH @ S
/\le<\ HO A> OH -HZO /\LZ//
S OH
HO" ¢ O o
bH ® HO
Fructose
\ H HO
/\Lﬂ 4—\ HO/\LO}’// ZH0
N / O
HO
e 3
0
0// 4 HO o y -H0 tlo (o] 0/, 4 (o) /0
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Sa dé 2: Ca ché phan Uing dé nghi tao thanh HMF tUr fructose s& dung xuc tadc PC-SOsH

K&t luan

Trong nghién ctu nay, xuc tac PC-SOsH dudc téng
hop thanh cong tir vo mang cut, mét ngudn sinh khéi
téi tao, thdng qua quy trinh nhiét phan két hgp sulfon
hoa, tao ra vat liéu carbon giau tdm acid Bransted. Cac
dac tinh cdu trdc va hda hoc cla vat liéu dugc phan
tich bang cac phuong phap hién dai nhu FTIR, Raman,
SEM va EDX, qua dé x&c nhan su hinh thanh cla cac
nhom —SOsH phan bé dong déu trén bé mat carbon.
Khi Ung dung trong phan Ung chuyén hoa fructose
thanh HMF, PC-=SOsH dat hiéu sudt 78,6% trong diéu
kién phan Ung gém 180 mg fructose, 15 mg xuc tac, 3
mL DMSO tai nhiét d6 120 °C trong 240 phut, vugt tréi
5o vdi nhigu hé xUc tac khac. Hon nlfa, trong cung diéu
kién phan Ung, hiéu sudt HMF dat 71,6% tai 120 phut.
Mac du hiéu sudt phan Ung thdp hon khoang 7% so
vdi tai 240 phut nhung thdi gian phén Ung dugc rut
ngan dang ké. Két qua nay cho thdy PC-SOsH la mét
x(cC tac acid ran tiém nang, hiéu qua va than thién moi
trusng cho qué trinh san xudt HMF tU sinh khéi.
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