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A 22 2 X (cellulose)E 5-3] & 2 A o &l 3£ 2 E2(5-hydroxymethylfurfural, 5S-HMF) 2 213 Agl5}7] Q)4 o]- 4] 4| gu
sholl Al thefet S5 HekEd A Sl E vlaL AFshTh ARSRE T4 2HE-2 Sn(Il), Zn(ID), AL(IID), Fe(IID), Cu(Il), Cr(IIDE
2R AolEE vt on Ak Sulls A ol 24 AAE 2 sste] ARE-sHRTh HI S f15ke] HaS04, HCl, Am-
berlyst-159F DOWEX50x8-& AR&-8F I Tt A 23t S & A &} 4t W i 542 Hammett Indicator 2] A 2F& 5-5lof 24
shich S-HMF ] A8 e B 82 Whg-2 5, WhA| 1 Suff v S F5te] 2lst At A3 Zull 5 Fofl Al S-HMF 2
A8 == CrCl-6H,09} SiOx-[ASBIJHSOs 5 AHE-SHE wlofl 7H8 & A yrebetom, 483t 314 411 Amberlyst-152F
DOWEXS50x8°] B]s}o] &g o] the= 2l 2T 4= AUtk S-HMF O] A ¥ = 4t Fol o] 4Feof wh-g-of) AR5 Fofju]
of FaFol Ae= FAL 4= Ao, W T A48 Hk-g-o] Lojut gl & AH(levulinic acid)o] A/ Hrh= A& gHelst Atk

FHO  AE RS2, 58| ESRAME F 2, o] 24 A, Ed) ik

Abstract : Various metal chlorides and acid catalysts in ionic liquid solvent were investigated to directly convert cellulose into
5-hydroxymethylfurfural (5-HMF). Metal chlorides containing Sn(II), Zn(II), Al(Il), Fe(IlI), Cu(1l), and Cr(III) were used and
acidic ionic liquid immobilized on silica gel as an acid catalyst and commercial acid catalysts (sulfuric acid, chloric acid, Am-
berlyst-15,DOWEX50x8) were used for comparison studies. The acid strength and amount of acid catalysts were probed with
Hammett indicator. The selectivity and yield of 5-HMF were determined with reaction temperature, reaction time and catalyst
ratio. A catalyst containing CrCl3-6H,O and SiO»-[ASBIJHSO, showed the highest selectivity and it was found that this catalyst
had higher activity than commercial solid acid catalysts such as Amberlyst-15 and DOWEXS50x8. The selectivity of 5-HMF
appeared to be mainly dependent on the acid strength and catalyst ratio, it was found that levulinic acid was produced from
5-HMF by rehydration.
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Aol 2RI AT} 1,4-FFZAY 2 TK1,4-glyosidic bond)
W Ao o]Fojx MR AR EH RN Y=
Ee Gk WS 3 7|zt m 2o Hgho] off-
o, AE220] £3= of @A Tttt olT wAIHEE 2

0}71 Hote] 24, &all, ok e A2 53 d2 ueet
a1 Q) ol gt AEZ A9 AR T
o q_]/q.m;q ]q_]gﬂ.io LS UE 4 UAEL _1_;<~]g]

SHMFE 4445} 28712 A|U3 Sl 44 420 A
A aegRtE F22 IS = A, STt S84 Hol
3 Itk 5-HMFO] G| 24 2,5-T W e 3E3H2,5-dimethylfuran,
DMF)-&- ofgh&o] H|sto] o %] W=7} 40% A= o} Hfo]
AR AMEE 4= Qlon, thE G EA|Q1 5-hydroxymethylfuric
acid, 2,5-furandicarboxyaldehyde®} & AH(levulinic acid) 5
© Z3Ee S E3lo] ZolaE U pHz AR 38 sl

BT,

5-HMF= detdo=s dgi ZIEE 9 A(fructose) =
g3t Bhgof ofste] A E T DYy 2R E e A A
o7 ZA5FA] ¢7] "o, MEZ-2(cellulose)d] 714
ol s ol AAE T;_L—Eriiifq o] 4As}t wkgow A
5= QA el & MERSARHEE S-HMFR 23] Agkst
) A A, o4 as 9 B4 wgol olold

[e]

b ol 36 9] 2 o4 5 o
He 70 UAE BEEAG ESdl, ST, g3
9] oryT Txo|mE Qi 578wl BafE A oo
t}. 20029 Rogers7} B33t O]T, A3} 1-og-3-H & oju|t}
£ 2] 2(1-ethyl-3-methylimidazolium chloride, [EMIM]Cl)o] 2}
= o2 AAZE w8 = wol ARE AL QUTHI) WS-
M= 24 5593 SE 7Ive® wol dHA Sl
ol a5 U= a&0lR0] 2RI AE S-HMF= Agh
skt 2% 982 517] dlmolth 3ol &(Ch)= AY=
o] 2/ A Gulstol A, FIHIDNAF &42H=(CrCl-6H:0)

HSHINZF(CrCL) T HSHIDT2|(CuCly)[11], HSKID)

1 Tn

3E Zu| & o] &St AERZ 949 5-HMFR 9] 2]

Hgd 109

AF(CrCL)Y} AeFEERuC)[12]2 &2 55A%= S0
o] AREE T 9t} o] Qo] % KN E(CClL) AAKHC
(1318 A1g510] AEZ A0 F4Ra|E Z71X7)70 3-allyl-
1-(4-sulfobutyl) imidazolium hydrogen sulfate ([ASBITHSO4)2]
Mg ol & A Brfoll A AT RE(CoSO.)E ARERE A
el[1417} Z“FL Xﬂ*lElo*E} 1311% o2&t ¥H-3-Al= 30~50%
9] 5-HMF 488 Ho|x|ut ¥k8 & HFAUsHA 4 ojd= &5
ol A S-HMFO] 2|7k ojHaL Sl o] AAkgo] e &4
= Btk gl A S B9 He71E FAAZIAY A
TS AN E 2AHE AYaL Qe o] dFode= 2
oo ZiE AARESH] AAste] EatdA AF Sl
Amberlyst-15, DOWEXS50x8%} A4 o] &4 A S 14 3}5h
Z|E Az LU ALLsle] MERZ O A0 S HMFR Q] 7 A%t
B2 Sastel Bolth ol 24 AAL At ol 2Tt Sol
202 o|5tolzl IR ofolLat Sol Lol upE thopat 54
(M, G714, a2, HA, Aea ureo] 7l ¥
(3380, W-gE) F)02 Qs chpat ul
Sl B AolTH15). & Aol At Thopat ks
ole-0] E3E TATFALAY o] & N Zu
Sz} AE 29 20) SHMF 24 o] 1
B7rstth E3, 7714 HaSO4, HCI9F 4483}
Amberlyst-15, DOWEX50x8E t 202 XA sl Zuj| A
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F2of &8
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2. A &
21. A M=

15} Ak o2 ol Zu) A2S 915 ALE Aekew
+= MerckAFe] A7 60 (0.063~0.200 mm)} Sigma-Aldrich
9] & 95%9] 3-WZE x 2 I-E 2| | E A A ZH(3-mercapto-
propyl trimethoxysilane, 3-MPS), 99% 1,4-5-Et<E(1,4-butane
sultone), AlfaAl] <% 99% 1-43o]u]ch&(1-allylimidazole),
AR 3 eEe] 2= 99% ¢ 35}HE] @ H(thionyl chloride), 99.7% o}
HE, 99.5% t] o] e ol 8| 2 (diethylether), JUNSEIA}S] <%
98% Z133FAL 99.5% = F<l(toluene), 98% OFFZH| 0] AK
= U] E Y (azobisobutyronitrile, AIBN)E A3}t 5-HMF
Agke fIgt ¥hg-Ed 3 W3-8 1= Sigma-AldrichAlof A
99% M=o 0} 98% [BMIM]CIS Tl on], 245}
= S == 98%9] HSHINF4(SnCl), HSKI)otA(ZnCl),
ABHIN)T-2](CuCly) @} 95%2] &SI 1] %&(AICL), 97%
o] e 3HIII) & (FeCls)-S JUNSEIO]A] TL9lat%o.m, 99%9] o
SHII) Q1 E(InCly), H3HINZZ(CrCl), 9 SKII)ZZ(CrCls)T}
AN A E S43HE(CrCl-6H,0)2 Sigma-Aldrichof| A
Ystoick

Hhg-ol AREE FuiQl A o] 24 A Sl o]/ o
AE o] FL = Fol=9] 2H-g7]9t Fol2of whet 22 3-
allyl-1-(4-sulfobutyl)imidazolium hydogen sulfate ([ASBIJHSOs),
3-allyl-1-(4-sulfobutyl)imidazolium trifluoromethanesulfonate
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Figure 1. The synthesis of immobilized acidic ionic liquid catalysts.

([ASBI]T{O), 3-allyl-1-((4-sulfurylchloride)butyl)imidazolium
hydrogen sulfate ([ASCBIJHSOs), 3-allyl-1-(4-sulfurylchloride)
butyl)imidazolium trifuloromethanesulfonate ([ASCBI]TfO)z};
kATt olF, Aejrhdo] A2t 4 ol AAE i
A 3}sle] Si0,-[ASBIJHSOs, SiO»-[ASBI|TTO, SiO,-[ASCBI]
HSO4, SiO,-[ASCBI|TfOZ} W sttt 2 oo 12 &=
Figure 10f e ATH16].

22 Z0) ENEAM

Az A A ole4 oA Fulrh AU ARE W 4
Y == Hammett indicatorE £35Fo] ZAA3}gth &2 A3 o] A}
23 Hammett indicator X A|2FQ] &£F1= 2-nitroaniline(pKa =
-0.2), 4-nitrophenylamine(pKa = -2.4), 2,4-dichloro-6-nitroaniline
(pKa =-3.2), 2,4-dinitroaniline(pKa = -5.6)¥} chalcone(pKa = 5.6)
2 A5 th Hammett indicator X A]2F 0.035 g2 HIAl 40
mLol SaA17) Solo] Zu) 0.1 g& ol HAAT F A W
she #aste] Sule] AHEel pKa kol WSlE AT
Zufj o] A W& = Hammett indicator X]A|2F 1.5 mL<}
$7180) 45 mLE Takek golo] o) 0.1 g& Ak
™ 2.6 N n-F-2 o7 (n-butylamine) & 2 A3} c}. Zj)
} 2ARE 8ol o] Ao] Hammett indicator 2| A|2F8] H7]4d L
W ) 2 gsielon sy 2 e A2 Zuje) AL
L5 AASFITHT].

ol
)

o 2 Ji
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st
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Acid density (mmol/g) = B¢ x B, / X, 1)

B.= n-FEo}ldl =% (mmol/mL)o|H, B,=
FHmL), X E0 Fkg)olch

n-Fgotql A

(3-mercaptopropyl)trimethoxysilane (3-MPS)

A X
e V\N/\l\’/\/\\/ 502 by

Acidic ionic 1qmid

—°>li_/\/5\/\l\_®+/\/\/so:x Y

(2) X=OH, Y=CF SO, : $i0,-[ASBI[Tf0]
(b) X=CL Y=CF,S0; : Si0,{ASCBI]J[TfO]
(¢) X=OH, Y=HSO, : Si0_-[ASBIJ[HSO ]
(d)X=Cl. Y=HSO, : $i0,-[ASCBI][HSO,]

2.3. HtSAH

S-HMF= 9] 213 gk vh-g-2 913 §E-3-742] = RadleysA}
of| Al A|Z3t carousel 12 plus reaction station2] 45 mL -&-F2]
S B URSIo] 4 et whgy) yste] wggu)
196 g, AR 010 g FEASHE Fule} 4 S 242
0.02, 001 g2 P31 W AZIZ} ¥ L o] urebd o}
w2 mykelo] ARG sl w7le) LEvl B o
oﬂ EI:I——’—]_O:LQ_ UHHE-] H]—%_‘%_ /\]7(]—01_1—_—_ /\]XJOIE]— Shal o]_Oﬂ]q_
W ol W71 Ae0R YRl on Poid WeES
1A A Z 2 otE 28 3 (high performance liquid chromato-
graphy, HPLC, Shimadzu LC-20A)%] ¢3}o] 5-HMF % X
WYEE) $8E RS, WS T 1] BB 57
S ofe] W A 9 XA F ABRSL0) HHES 7
/L].{s].oﬂl;]_ kﬂ%i_?_/\i‘ﬂ E.] Anggl /\ 0 /ﬂlE‘EO /\_4 z{
d8, 4R HuEl areniE Adsc

1

l

Product yield (%) =

Cellulose conversion x Product selectivity
100

@

Cellulose conversion (%) =

Moles unreacted cellulose
I- Moles cellulose X100 3)

Product selectivity (%) =

Moles product
Moles cellulose reacted

x 100 )
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Table 1-2 Hammett indicatorS A&-5Fo] Aoz 1A 3} At
4 ol 2/ AA Fuljet 483k Sl Amberlyst-152F DOW-
EX50x80]] ot AbE 2 A WEo] Auzhe vehya ook
Ao} A ol A Frlf 4FF= oF -5.6<pKa<-44
Koo} ghe FERglon, 457 E AR WSle] pKagt
2 YEe I AFE-3 Zufo] Amberlyst-15+& -3.2 <pKa<
-2.49] ¥ oA, DOWEX50x8-2 -2.4 <pKa<-0.2 ¥$]¢] pKa
%}}g §].o]—5‘1— 2 o]ohq. 7L _%EHQ A]. EHE_F:'_ 7;“/(]—6}— ﬁjq-
TAZ} AR o] WA 2= 45257 HE 3.54-4.35 mmol/g
Heo] A U E 31018 4= QJ%ith Amberlyst-15 Zufji= 4.62
mmol/g, DOWEX50x8-2 1.99 mmol/g2] AF A=5& 291314
on, A% Zuj7} Amberlyst-152F DOWEXS0x8 5T} =2 A

2 Y Q&L Fls 4= 9ot

WER 0] SHMF 4 A%kl A chare 4 Zojo} 2
SokE F0)E AHsle] S-HMES] $-&o] vl A AL
Hrhstanh Table 2004 Mol F4e EFsH F4
=3} SiO-[ASBIJHSOs& T/ AR5k 5-HMFO| &
o,

Table 1. Acid strength and density of acid catalysts by Hammett

indicator

Acid catalysts Acid St(r;;it)h range Agfﬂ?:;;i)ty
SiO»-[ASBIJHSO4 -5.6 <pKa<-4.4 3.54
Si0,-[ASBI]TfO -5.6 <pKa<-4.4 3.88
Si0,-[ASCBIJHSO; -5.6<pKa<-4.4 4.02
Si0,-[ASCBI]TfO -5.6 <pKa<-4.4 435
Amberlyst-15 -3.2<pKa<-24 4.62
DOWEXS50x8 -24<pKa<-0.2 1.99

Table 2. The effect of different metal chlorides on 5-HMF produc-
tion from cellulose

Metal chlorides Acid catalysts 5-HMF yield (%)

- Si0,-[ASBITHSO4 4.02

SnCl, Si0»-[ASBIJHSO4 1.17
ZnCl, Si0,-[ASBITHSO4 0.75
CuCl, SiO,-[ASBITHSO4 6.92
InCl; Si0,-[ASBITHSO4 12.54
AlCls SiO,-[ASBITHSO, 12.73
CrCl, SiO,-[ASBITHSO4 30.27
CrCly Si0,-[ASBITHSO4 37.48
CrCl3-6H,O SiO,-[ASBITHSO4 40.05

o}2 21} S o] 83 VB 2920 SHMF O] 27 23

a7 1M1

Hh-9- A% A7, Cr(Ill), Cr(Il), AI(IIL), In(IIT), Cu(ll), Sn(Il),
Zn(I)9] F&0] 25 ET FujeA = S-HMF 80| &t
tRew, 1 & A5s Xshe d3k=olA 7t
= A& o|&o] 2k (pyranose)
E]-lr:/\(furanose) o] ZEE QAT
% 243} oA 2 Adehe AT
MICI o] 278 HA| Gufjoll tisto] 5
mol%2] ¢ ol #ﬂ%g 23 A, AER A0 Mg
&0°| § F7hetvhe Aot ‘dfﬁﬂfﬁ 3= FHQl CrCls-
6H0E AHEE 4 F48HE¢l CrCLhEY & 5-HMF 4=
&5 2191
Figure 2= ThFRt AF Sofjof] w2 =2 &9 Aol
oh Az S A o] 2/ HA| Fulf 45 tiste]
63.2~64.4%9] A&7} 55.6~60.9%2] 5-HMF A& :=E 39|
3t %= otk 1S AMY o] &4 oA ZujE Zkz vl wabu
HSO, £0]20] TIO golerr £& 48 nelon], nal
AEE A4S Boli SOH 287)7h Folx Ak ekt
SOCI 2871225} S A Uehsk 271408] B 2}
88 A9 B 4 Zojo] Hlelo] AEReso] WG
=7 L}E}% ubo] S-HMFe] AdiEs v hebitcy, @Al
e A AL Fo A el BA SaolA uhe
o] dojut] WEe] WEEr0] AL Lo} AEHo
2 SHMFE H3s17]oli of2&o] Qick Ao AHgHE
27 4F S0ol Amberlyst-15t= 43 4HY ol &4 o1A]
Zujof H]slo] e SHMFO| SIS waou), o 2elst
o HHE7} H& AOR Wob SHMFS] A48k uhgol o
2 7|A= Al R AE Tt DOWEX50x8-2 9F 57.1%= 1174

[ Cellulose conversion
rzzz2 Glucose selectivity

100 | zzz3 5-HMF selectivity 50
Levulinic acid selectivity
@ —e— 5-HMF yield
e
~ 80 140
% - ~~
£ g
= ~
g 6of =
= 2
b >~
2 =
= w E
E s
5 A~
£
5 20
Q
0

Acid catalysts

Figure 2. The correlation between product selectivity and acid ca-
talysts. (conditions : cellulose (0.10 g), solvent (1.96 g),
MClI (0.02 g), acid (0.01 g), 2 h) ; solvent : [BMIM]CI,
MCl : CrCl3-6H>0).



112 #4714, 42098 A23, 20149 6

ot A o]/ AAl SHlE AR A5-9F B’ S-HMF
AYES Yeplou AeRe20] Hehgo] 52.0%% Was
Bt olF $3) AER¢ARNE S-HMF7F Agdom
=7 A7) el = AREE= A Sl 2Rt dhe e
7h S asithil AR

AER929 S-HMF 273 dgh vhe-2 7ha=s, o] g4
sheb Gepsh whgo] A5H o R dofutof Jitt. 3ThA o] 24
B Nk ZHzh P adh Sut thEu ARSE= Srljofl uhetA
Aesol Mgk 4= 9l Figure 32 ”‘%i%’\—J 5-HMF

A As) vhLol| A 47}4] FE| o] X2} YA Eof| oy
3t 3k w|x) =X tjat AT= R Qit} wkSof A}
§-_]__ iuHQ,] %% H‘]Z1 O]_Q_/H oﬂxﬂ _Q_EHO] [BMIM]CI———

& 5
E0 7 ARESH AL, [BMIM]CI®} CrCl-6H0E F Ao A&
2t 7%, [BMIM]CI2} SiO-[ASBIJHSO4E “FAlofl ARE-SH 745
4l [BMIM]CI, CrCl;-6H,0%} SiO,-[ASBIJHSO4E Ao A}
2351 Fe 2 ok A HAZ [BMIM]CI o] 24 AA TS
ST W, AERS20 HHEE BO%AL 2T o A0}
5-HMF7} Z}Z} 10.6, 4.0%2 A A E I} o]& [BMIM]CI
o] ZpE Sne AR A SAAIIE Uz
Ke] 7)5omu Ag Ttk A& o 4 olck BMIMICIE 41
S290] Tellel FR2020] C3 o Cool A 44T
719t AgE o|FWA F2E 7oA A gt [BMIM]2 A2}
wzAND sl Ardxel Adksin, Cre A X]J/J—H]—7H =
AgoE paSh BHATE FHUT 1 A AR
B P
[2021]. 2 4-go] ALET [BMIMICLS M 2329] o9l
o 2RIone iy AHS Laletol ABR LY Bl
£ Z7MN7E v a2 2e3e o 4 Qi)
H3-B0) [BMIMICI 1ol 2443127 S}l Crek-6H.0

{o

100
) [ Glucose yield
é Fructose yield
= 80} S-HMF yield
= B Levulinic acid yield
:* E== Others yield
Q
= -
_8 60
1
=]
2 40}
=
=]
-
5
> 20
=
(=]
@)

0

Figure 3. Direct conversion of cellulose into 5-HMF using different
catalytic process. (conditions : cellulose (0.10 g), solvent
(1.96 g), MCl (0.02 g), acid (0.01 g), 403 K, 2 h) ; solvent :
[BMIM]CI, MCl, : CrCls-6H,0, acid : SiO>-[ASBIJHSOx).

H7vsto] ARESHAS W, AEZ 020 ke 46.0%%
Fow 19} FAo S-HMFO] &% 17.2%2 Z7135}
Btk o]= CrCL-6H,07F MEZ2 QA2 HE 5-
HMFE 213 H&ksl= fﬂ S = 285t 2 o= whEh
HZ CrCl-6H,07} A F5HE(H,0) 9] proton o 2 2l3f Al
EE92Y 1,4-.—;_1‘“45'—*1‘%‘ Aol OHQEW eV
A 7Rl olF AYE ST A= pyranose
£ g Het o] ) AF o]2E 3 SM furanose 9] X
FEeAR HghH o]F g3l g5 Fof S-HMF= 2
gt o] Rl Th22].

124} SiO-[ASBIHSO4E F7tsto] AME-sH&
220 Jghgo] S7HHE FAlo] SRALAY F80] F
7FsFQATE. o= SiOx-[ASBIJHSO7} AU AL Qli= &EAHSOsH)
9] 28719} HSO4 S0]-29] protono. 2 213} 7}-E3l a8
o] F7Fgtrhal AbmETH23]. Al Fm 9] 4He= Hammtt indi-
cator 272 &3to] S48k =Hl pKa R 9= -5.6 <pKa<
442 ISk L2 -5.1 ©]5he] pKa FrofA AE=5-
28] Hghgo] SR FAl0] SR 2 A0 0] F7RRE
the AaE sk AlxFuio] A ¥ 9= -5.6 <pKa<
-5.10]2k At ETH24].

oAz, & ZuiE FAlo AHEE 9 S-HMFO| =&
= 40%=H =R ARESE AET A STk o=
SiOx-[ASBIJHSO4 5 ARt 2 M AMER 920 Hetbay
FFEI A0 $go] F7)stal 119 FA9 CrCh-6H,05 5
of BdE SFI A7 S-HMFR ghE o] 50 7tk
Ao ® HEh kA9 S-HMF O] &0 S718HA #l&d
4bol &= ST o= HE-ARS AF ZHjstoA] 5-
HMF 9| A3} ¥h-g-of] oJsto] A/ =, o] "h-3-A| 9] 4k ﬁ“‘—“ﬂ
¢l SiO,-[ASBIJHSO, 7} AU = AF A& ¢l&) 5-HMFQ] &
3¢ A3} ¥hg-o] dolut glEdate] AAE = AS EP
ATH.

fr ofx mlm
N
ol
—r"

o, AE

+ %

3.2. CrCl3-6H,0/SiO2-[ASBIIHSO, Z0H5}0{| A2 Ad-M
= Hst

Figure 4= AE2929] 5-HMF 23] Hgih-golA 714
53 FAS HQl CrCl-6H,0/Si0,-[ASBIJHS049] Zujj3}
A9 Hhg2rof w2 AEZ A0 AgkE U Y4JE0 ¥
S YER AL ot B2 vt SRS AERS20 A
80| 31.004 74.0%=2 Z7}5t91 5S-HMFe] AeiEE 373
of| Al 403 K7HA] 11.6914 60.9%= Z7}skgich 1) 413 K
o] Bk Lo A= 5-HMFQ] ME w7} 47.4%% 3FAasks 7
T & 4 et ol HEARY] A=) 223004 38.7%
T 34T STkl o3 Ao r wdEy, 403 K Rt 2
H-3-L A2 9 0] S HMFRE 2% 3t} 5-HMF
o] A3} Hh-g-o] FAo] obA HlEviter HetE= A
ojg} A= E

Figure 5% CrCls-6H,0/SiO»-[ASBIJHSO, Zufj 5o 4] o] uF
AR T AER9-A0] HeE 9 AAES] W3t Aol
o} BEgAIZRo] M S AER 920 HeHE0] 570004
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Figure 4. The effect of reaction temperature on conversion and
selectivity from cellulose. (conditions : cellulose (0.10 g),
solvent (1.96 g), MCl (0.02 g), acid (0.01 g), 2 h) ; sol-
vent : [BMIM]CI, MCly : CrCl3-6H>0, acid : SiO,-[ASBI]
HSOy).
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Figure 5. The effect of reaction time on conversion and selectivity
from cellulose. (conditions : cellulose (0.10 g), solvent
(1.96 g), MCl (0.02 g), acid (0.01 g), 403 K, ) ; solvent :
[BMIM]CI, MCl, : CrCl;-6H,0, acid : SiO»-[ASBIJHSOy).
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Figure 6. The effect of catalyst loading on conversion and yield
from cellulose. (conditions : cellulose (0.10 g), solvent
(1.96 g), 403 K, 2 h) ; solvent : [BMIM]CI, MCly : CrCls-
6H-0, acid : SiO,-[ASBIJHSOy).
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Table 3. The reusability of SiO,-[ASBIJHSO4 on direct conversion
from cellulose to 5-HMF

Individual run 5-HMF yield (%)
1 40.05
2 38.14
3 37.22
4 34.87
5 33.18
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