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ABSTRACT

The effect of liquid water pH on the conversion of glucose to 5-
hydroxymethylfurfural (HMF) catalysed by CrCl,, CoCl,, CuCl,, SnCl, and
FeCl,, respectively hasbeen studied at 373 K using UV/Vis Spectrophotom-
etry. Absorbance values of HMF in the different study solutions were used
for its quantification. Best yields of HMF were obtained with CrCl, and
CuCl,, with absorbance val ues of 0.687 and 0.284 respectively. The effect of
liquid water pH using CrCl, as catalyst for glucose conversionto HMF gave
ageometric increase in HMF yield above pH of 9. Thisresult suggests that
optimum conversion of glucose to HMF in liquid water is effective in alka-
linemediausing CrCl.. Studiesonthe kinetics of thereaction at pH 12 using
CrCl, as catalyst, gave maximum product yield in 40 minutes at the study
conditions. Therate data obtained indicated that the reaction isaunimolecular
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first order process with rate constant 6.5 10 s™.
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INTRODUCTION

The potentiasof 2,5-dimethylfuran (DMF) asa
biofud havebeenthefocusof researchin recent timeg*
4, Thiscompound isproduced by the hydrogenation of
5-hydroxymethylfurfura (HMF). Cheap and commer-
cial methods of HMF production havetherefore ne-
cessitated current atention on it than thebiofuel DMF,
HMFwasinitialy produced by inorganic acid catal ysed
dehydration of fructosein water®”. Theinorganic acid
catalysts however degrade the produced HMF to
levulinic and formic acids aswell as other by-prod-

ucts®l, Dueto thisreason, other effective and envi-
ronmentaly friendly methodsof HMF production have
been sought. Solventslike dimethylsul phoxide, meta
halidesin 1-akyl-3-methylimidazolium chloride, 1-H-
3-methylimidazolium chloride, sub- and supercritica ac-
etoneand metal saltsin protonic acids have been used
to optimizefructose conversionto HMF2 19,

Cdlulosic biomassisthe cheapest source of raw
materia for HMF production. Itshydrolysis produces
D-glucose which can be converted to HMF under
favourableconditions.

Aninitia atempt to convert D-glucosedirectly to
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Figurel: Biomassconversion stagesfor HMF production

HMF inwater was agreat challenge to researchers.
This is because of the difficulty in D-glucose
isomerisation to D-fructose before HM F can beformed.
Only recently wasthis conversion achieved by some
workersusing different modifications of thereaction
media Zhao et d.[*¥ achieved 70 % conversion of D-
glucoseto HMF using 1-alky-3-methylimidazolium
chlorideassolvent and chromium (I1) chloride as cata
lyst. Binder and Raines” reported the use of N,N-
dimethylacetamide (DMA) containing lithium chloride
(LiCl)togivehighyiddsof HMFfrom D-glucose Metd
chlorideshavebeen damedto catdyzetheisomerisation
of D-glucoseto D-fructose*?.

Despite these advances, the use of cheaper and
moreenvironmentaly friendly mediafor D-glucosecon-
versonto HMF havenot yet been extensively studied.
The present research therefore considerstheuse of the
environmentdly friendly medium, liquid water, for the
conversion of D-glucoseto HMF in the presence of
metal chloridesascataysts. HMF yield optimisation
by the modification of the pH of thismediumwould
also be studied.

EXPERIMENTAL

Reagentsand samplepreparation

D-glucose, metd chloridesand buffer solutionsused
for thiswork wereof anaytica grade, purchased from
FINLAB NigeriaPLC Lagos, and were used without
further purification. The sample and reagentswerefur-
ther prepared with distilled water.

| nstrumentation

Quantification of HMF in the different study solu-
tionswere carried out using JENWAY 6405 UV/Vis
Spectrophotometer® 19, Theinstrument was set at a
wavelength range of 200 — 500 nm, and HMF was
detected at awavelength (& ) of 285 nm{®,
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Procedure

Theéeffect of metd chlorideson D-glucose conver-
sionto HMFwasstudied using: CrCl,, CoCl,, CuCl.,
SnCl, and FeCl... 100 cm® of 0.01 M D-glucose solu-
tionswereprepared indistilled water at pH 7 and 0.001
M wei ght of each metal chloridewasdissolved sepa-
rately in each of the D-glucose solutions. 50 cm? of
each of these solutionswastransferredin triplicatesinto
aseriesof ampoules. The ampouleswere sealed and
arranged on arack, and were placed in a constant-
temperatureoven set at 373 K andleft for 2hours. The
ampoules were taken from the oven and directly
quenchedinanice-bath at 278 K to stop thereaction.
The ampoules were opened and the solutions were
transferred into a50 cm?® vol umetric flask and made up
to volume with distilled water. The solutions were
analysedintriplicatesfor HMFusingaUV/Vis Spec-
trophotometer. 0.01 M solution of D-glucose prepared
with distilled water at the same pH wasused as blank.

Rate studies

Buffer solutionsat pH 2,4,5,6,8,9 and 12 wereused
separately to prepare 0.01 M D-glucose solutionsand
0.001 M CrCl, wasdissolvedin each solution. 50 cm®
of each of these solutionswastransferred in triplicates
into aseries of ampoules. Theampoul eswere sealed
and arranged onarack, and were placed in acongtant-
temperatureoven set at 373K and left for 1 hour. The
ampoules were taken from the oven and directly
quenchedinanice-bath at 278 K to stop thereaction.
The ampoules were opened and the solutions were
transferred into a50 cm?® volumetric flask and made up
tovolumewithdigtilled water. Theabsorbancesof HMF
weretakenintriplicatesin theresultant solutions.

Thekineticsof HMF formation in the solution at
pH 12 containing 0.01 M D-glucoseand 0.001M CrCl,
was studied. 50 cm?® samplesof thissolution weretaken
and transferred in aseries of eighteen ampoules. The
ampoules were sealed and arranged on arack, and
were placed in aconstant-temperature oven set at 373
K and left for 10 minutesto attain thermal equilibrium
withtheoventemperature. They wereremovedinthrees
from the oven, at 20 minutesintervals, and directly
quenchedinanice-bath at 278 K to stop thereaction.
Triplicate absorbancesof HMF in each of the solutions
weretaken.
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Figure2: UV absorbanceof HMF in distilled water at pH 7
catalysed by metal chlorides

RESULTSAND DISCUSSION

TheHMF absorbance curvefor thedifferent metal
chloridecataystsinliquid water at 373K areshownin
Figure2.

Best yieldswere obtained with CrCl, and CuCl,
which gave absorbancevauesof 0.687 and 0.284 re-
spectively. Appreciableyields of HMF were not ob-
tained by the other metal chloridesused in thisstudy
usingtheblank solution asreference. Theseresultsshow
theeffectivenessof CrCl, and CuCl, intheisomerisation
of glucoseto fructose and the subsequent conversion
of thisproduct to HMF.

Theeffect of liquid water pH using CrCl,, ascatar
lyst for glucose conversionto HMF at the same study
temperatureisshowninFigure3.
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Figure3: Effect of pH variation on the conver sion of glucose
toHMFat 373K

A constant yield of HMF was observed between
thepH of 2 - 9. AbovethispH, asharp and geometric
increaseintheyield of HMFwasobtained. Thisisan

indicationthet glucosetoHM F conversoninliquid water
isenhanced abovethepH of 9. Thisimpliesthat aka-
lineenvironmentsarevery effectivein glucose conver-
sonto HMFinliquid water. Whether therewould be
degradation productslikeinthe casewhereacidsare
used for fructosedehydrationto HMF" ¢ intheliquid
water medium isyet to beanswered.

Kinetic studies

Liquid water at pH 12 was used to study therate
of glucoseconversontoHMF at 373K, and theresult
obtainedisshowninFigure4.
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Figure 4 : Rate of glucose conversion to HMF in distilled
water at pH 12

The chart showsthat the best yield of HMF was
obtained in 40 minutesfromthe sharpincreaseinyied
obtained at thistimefrom the start of thereaction.
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Figure5: First order rateplot for glucoseconversontoHMF
atpH 12
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Thedataobtainedin Figure4 fitted into afirst or-
der rate plot with referenceto the product (HMF) as
showninFigure5s.

Thisisanindication that the conversion of glucose
to HMF in thismediumisaunimolecular first order
reactionwiththeakaine CrCl, environment ascatalyst
for theprocess. Therate constant for thisreaction was
caculatedtobe 6.5 x 10°s™.
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