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ABSTRACT

l lypothesis: In order to achieve an efficient protocol for the synthesis of

5-hydroxymethylfurfural (HMF) through the modification of different

catalytic systems and the design of a heterogeneous catalyst with likely
acidic properties for the conversion of fructose to HMF, it is essential and of great
importance to investigate the heterogenization of homogeneous acidic polymers by
natural compounds as catalyst bases. The use of low-cost, available, bio-compatible
and thermally stable supports for the design of heterogeneous catalysts will be
desirable from an economic and environmental point of view, because heterogeneous
catalysts have advantages such as high reusability, easy product/catalyst separation
and low cost.
Methods: In order to design an efficient and economical acidic heterogeneous catalyst
for fructose dehydration and HMF production, boehmite was considered as support for
an acidic polymer composition. The acidity of boehmite was improved by covalently
Keywords: linking an acidic polymer. More precisely, boehmite was first functionalized with
vinyl group and then polymerized with acrylic acid (AA) and 2-acrylamido-2-
methylpropanesulfonic acid (AMPS) monomers.
Findings: Bochmite-acidic polymer composite, as a heterogeneous catalyst, was
studied and identified by various methods such as XRD, SEM, TGA, etc. Investigating
the efficiency of the prepared catalyst for the production of HMF and optimizing the
reaction variables showed that catalyst loading of 20% (by wt) at a temperature of
85°C and after 60 min leads to the production of 5-hydroxymethylfurfural with an
efficiency of 88%. Notably, the prepared catalyst showed high recyclability and after
six consecutive reaction cycles, a slight change in HMF production efficiency was
observed. Comparing the performance of the catalyst with the counterpart without
boehmite confirmed the role of boehmite in improving the catalytic activity and
recyclability.
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Scheme 1. Conversion of fructose to HMF.

e 395 33 3L THLS )5 3L Ylgicds carados 9 (S3awl ouly iy jga0ls”

(FTIR) 4,58 L 508,55 (mcib ad pluld 5 4520
Shoskie pds s 4 S S0 e Jule glaes S anlllas gl
5V8 Gy Ol L (K el e l) PERKIN-ELMER 65 o(5cs
L e ol 5 KBr o 3 .0 eslazal Yem! b s,
(TGA) it ysle S 05031 .S args €503 51 S35 Ve 3l eslial
s 53 (s <L) METTLER TOLEDO wisjsle S U
A el V2 PC/Min ey b b 5 AL+ =Y0 °C 03500 550,
oslital U (g ie 28 5 (SEM) oty gy g5 A1 (58 s S
4 sz VEGAII TESCAN iy 5,50 Sy Soe
plonil (S (55540 =L) X QX2 RONTEC 55 5 Sl
b ¢l (el 3 s Ll) INEL, EQUINOX 1000 o8cs i
Sz b gl s a8 5w (XRD) X 5, il sla S
Bruker DRX400MHz pewils L 'H-NMR il HMF
JMis S el DMSO 3 YO °C sles 55 (Ol L)
Kaivs s pnd (GO) (538 6,0 L el 5 HMF oS
(IS ol L) Agilent 6890 55 (5,501 o GC (1 sdoslic]
534S 35 GEWHP-5ms O g2 5 (FID) aads 25 50 sl 2T L
el 63 Vo) i e b ol S Ol e N, ol

b33 25 75 4 GO-MS 5 GC ladpesl 5 Shee Lasl 5
A wda YAD °C (g5, sl ST sles 5 TV °C (555 (s3505
Sy b e 3 455 513 #0 °C los 55 ) min Sodews Ol
50 i Sa b ol s Ble Oley .l i 531 YAR °C & Y+ °C/min
Y gz glulis 5 vy w35 YFmin 5V Ol )5 VY min
(I ol wxLu) (Agilent 1200 Series) HPLC o(&xws L 2815
S A ¢l>.=3‘ (+/%% x YO O um) Brisa LC2 C18 { g1 4 jgoes
SlS 5 a8 e S8 ol syl bl YO °C gles s
Ldd Copa Sl el olS 5L ol Kb ol anslis
Gl S il 6l (Agilent G1329A) S35 4 ses
(Agilent G1365C MWD) _ziul 3 5L ,1CaT LHMF s oslizul
Lol sl 5l bslsee IS s (g, 8631l YAY nm s
S Y mL/min O, Co e 5 TPy e Sl

£ 5

Boeh-V juws iCuad gy 00 5 510 liv g
S Trmbl s (7 ) Sy Can sy 055,05 Jale ) slaea
aidas (Voo W o ,l8) A sl 3 LVOMIN Cdeas 5 A 3 das
(YmML) 5w S 52008 5 s O 51 g [T LS5 K
S A Sl el S ey Jools b 5 el Ll

&Y Sddunl—poig 0 louds (@it 9w JUw rorly 5391955 9 p9le (sele Axe AYA



3493 )3 30T S5 3L Ulgicds areigs 9 53wl poly 3 jgsels

— — -Boch-P
Boeh

Intensity (a.u.)

A a '

(R :
\ AV
L )

)\ ¢ ) P)
% () »
‘o “Mmu""' \w“m" "\«.Wf \"w/“‘\w».-‘u" Ll S

10 20 30 4IO 50 60 70 80
26(%
sdiag S3JUS 5 Boeh S5 55 XRD (sla Sl - I
.(Boeh-P)
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Fig. 7. Effect of the reaction temperature on yield of HMF in
dehydration of fructose (reaction conditions: catalyst loading,

20 wt%; t= 60 min; and solvent, DMSO).
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Table 1. Comparison of the activity of several catalysts for the conversion of fructose to HMF.

Entry Catalyst Time (min) Temperature (°C) | HMEF yield (%) Ref.
1 Boeh-P 60 85 88 This work
2 SBA-SO,H 70 160 55 35
3 Mesoporous TiO, 2 130 82.3 36
4 PW -ILs-C4-HNS 120 100 93.7 37
5 MIL-101(Cr)-SO,H 60 120 90 38
6 Hal-IL 100 100 98.5 39
7 Hal-IMI-SO,H 73 85 88 27
8 Si-3-IL-HSO, 30 130 63 40
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