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Abstract

Magnetite (FesOs) was synthesized via the hydrothermal method and then used as an
adsorbent for Cr®* removal from water. Cr-adsorbed FesO4 (Cr/Fes0s) with various Cr
concentrations were then applied as catalysts for glucose dehydration in aqueous solution.
The role of Cr-adsorbed species for the catalytic performance was investigated. The
absorption ability and reducibility of the FezO4 for Cré* were investigated. The maximum
adsorption ability of 3.3 mg/gFes0s was determined at 10 ppm Cr® concentration using
UV-Visible spectroscopy. The Fe and Cr species on Cr/Fe3Os investigated by X-ray
absorption spectroscopy were in trivalent forms of FeOOH and CrOOH which clearly
resulted in a reduction of Cr® on the FesOs surface. The existent structures corresponded
to the Brgnsted acidic sites. This result clearly confirmed the reduction ability of FesO4 to
transform Cr® to Cr®. The catalytic performances of the FesOs and Cr/FesOs acidic
catalysts were investigated for glucose dehydration in an aqueous medium under
hydrothermal conditions. The presence of the FeOOH and CrOOH species on the Cr/FesO4
catalyst clearly improved their catalytic performance for glucose dehydration to a 5-
hydroxymehylfurfural (HMF) product. About 50% of the HMF yield was reached by 20
ppm Cr/Fe30s. The maximum turnover number was observed by 1 ppm of Cr/FesO4
catalyst. The improvement of the HMF yield was strongly dependent on the Cr-adsorbed
species and dispersion on the FesO4 surface.
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Introduction

The contaminant heavy metals such as Pb
(Kumari etal., 2014), As (Iconaru et al., 2016),
Cr (Nietal., 2017), Cd (Guyo et al., 2015),
and Ni and Cu (Karami, 2013) in water is still
a challenging problem. Chromium is released
into the ecosystem from leather tanning, metal
processing, electroplating, pigment synthesis,
dying, and electrical and electronic equipment.
Hexavalent chromium (Cré") is a great concern
due to its extreme toxicity and carcinogenicity
for living organisms. It is a toxic contaminant
classified as a group ‘A’ human carcinogen by the
United States Environmental Protection Agency
(1998). Normally, the toxic Cré" may exist in
the negative charge forms of hydrochromate
(HCrOys), chromate (CrO4%), and dichromate
(Cr,07%) in a solution (Lazo, 2009).

Recently, magnetite- based adsorbents
(Fes04) have attracted much attention from
researchers due to their excellent magnetic
properties which affect separation, chemical
stability, and non-toxicity (Ianos et al., 2018;
Saksornchai et al., 2018). The Fe3O4 has been
widely used in drug delivery (Arora et al.,
2017), catalysts (Hammiche-Bellal et al., 2018),
wastewater treatment (Long et al., 2017),
biosensors (Jaime et al., 2017; Samphao et al.,
2018), redox materials (Kim et al., 2017), and
adsorbents (Alijani and Shariatinia, 2018;
Mohammed and Samaka, 2018). Hug et al.
(1997) suggested that the redox couples of
Fe?*/Fe®" can catalyze the reduction of Cré* to
the less toxic Cr3" in the form of CryFeyx(OH)s.
In addition, the presence of a trivalent iron
(Fe*") ion in FesO4 was a good adsorbent for the
negative Cr compounds. Hence, FesOs is believed
to be a superior adsorbent and reducing agent
for Cr% molecules.

As a catalyst application, the Fe3O4
generally contains a Bragnsted acid site which
is suitable for involvement in the dehydration
process (Elsayed et al., 2018). The illustrative
acidic catalysts of Fes04@SiO,-SOsH (Elsayed
etal., 2018) and graphene oxide-Fe304 (Zhang
et al., 2015) have been used for dehydration of
glucose. The use of the Cr-adsorbed FezO4 in
glucose dehydration without leaching of the
contaminant Cr®" species has attracted much

attention. Wei and Wu (2018) proposed that
the Cr3" species could be reacted as a Lewis
acid site for glucose dehydration and improved
catalytic activity. Hence, an integration of the
2 active species of Fe3O4 and Cr3* plausibly
help to improve the catalytic performance of
glucose dehydration.

The catalytic performance of glucose
dehydration proceeds via both the Brgnsted
and Lewis acid sites contained in the acidic
type catalysts (Choudhary et al., 2013; Moreno-
Recio et al., 2016). The valuable compound of
5- hydroxymethylfurfural (HMF) has been
determined as the main product in the presence
of the organic solvent addition. In the presence
of high water content, the HMF could be
further rehydrated to levulinic acid (LA)
(Pedersen et al., 2015; Marianou et al., 2018).
Thus, the improvement of the HMF vyield
which is a critical starting material for the
synthesis of other platform chemicals, a precursor
for polymers, fuels, or solvents (Corma et al.,
2007; Cueto et al., 2017; Obregdn et al., 2017)
in agueous media reaction, is the research
challenge.

The pristine Fes04 was first synthesized
via the hydrothermal method and sequentially
adsorbed Cr®* ions in water to form Cr/Fes;O4
catalysts. The Cr-adsorption ability was
determined using UV-Visible spectroscopy
(UV-Vis) and the Cr-adsorbed species was
investigated using the X-ray adsorption(XAS)
technique. Catalytic performance of the pristine
Fes0. and Cr/FesO4 for glucose dehydration
was conducted under hydrothermal conditions
in a water medium. The final products were
analyzed using the high performance liquid
chromatography (HPLC) technique.

Materials and Methods

Materials

The Fe3* precursor used was chloride
(FeCls) from Sigma-Aldrich Corporation
(St. Louis, MO USA). Potassium dichromate
(K2Cr,07) and sodium acetate (NaOAc) were
purchased from LOBA Chemie Pvt. Ltd.



Suranaree J. Sci. Technol. Vol. 25 No. 4; October — December 2018

447

(Mumbai, India). Hydrochloric acid 38% (HCI)
and ethylene glycol (EG) were purchased
from QRéC (Auckland, New Zealand). 1,5-
diphenylcabazide was purchased from Merck
& Co., (Kenilworth, NJ, USA). Ethyl alcohol
(EtOH) and D-glucose (CgH1206) Was purchased
from CARLO ERBA Reagents S.A.S. (Val-
de-Reuil, France).

Preparation of Fe3Oa

Magnetite (FesO4) was synthesized using
the hydrothermal method, as reported earlier
(Pal et al., 2014). Firstiy, 1.94 g of FeCl; was
dissolved in 10 mL of ethylene glycol (EG).
The solution was added to 40 mL of EG in
a 2-necked round-bottom flask under N> flow.
After 30 min stirring, 10 mL of 1.35 M NaOAc
was added into the EG solution and sequentially
stirred for 3 h. The mixture was transferred to
a Teflon-lined autoclave and heated to 190°C
for 24 h. The autoclave was kept at room
temperature for cooling down and the Fe3O4
black powder was easily separated from the
solution using a magnetic bar. The powder was
then washed with deionized water and ethanol
several times and dried at 50°C overnight.

Cr8* adsorption on FesO4

The Cré*-adsorbed on the Fe3O4 catalysts
(Cr/Fe304) was carried out via the adsorption
process by varying the initial concentration of
the Cré" ions at 1, 5, 10, 15, and 20 ppm. A 100
ppm of K,Cr,O7 in 100 mL deionized water
was prepared as a stock solution. 0.1 g of Fe3O4
powder was added to 50 mL of Cr8* solution at
pH 3 with magnetic stirring at 300 rpm for 30
min. The Cr/Fes04 samples were then separated
by centrifugation. The adsorption efficiency
was determined by measuring of the Cr®*
residue in solution via the colorimetric method,
using a UV-Vis spectrophotometer at A = 540
nm.

Characterization

The crystal structures of the pristine
Fes04 and Cr/Fe3O4 samples were investigated
with a powder X-ray diffractometer (XRD),
(Empyrean, Malvern Panalytical Ltd., Malvern,
UK), using Cu Ka (1.5406 A) radiation with a
step size of 0.02° in the 26 range of 5-80°. The

crystalline sizes of the catalysts were calculated
using Scherrer’s equation:

7 = K\/Bcosb

where K is a dimensionless shape factor about
0.9, A is the X-ray wavelength, B is the line
broadening at half the maximum intensity
(FWHM), and 0 is the Bragg angle (Scherrer,
1918). The characteristic functional groups on
Fes0. and Cr/FesO4 were analyzed using the
Fourier-transform infrared spectrometer (FT-
IR), TENSOR27 model (Bruker Corp., Billerica,
MA, USA). The oxidation states and speciation
of the metals on the samples were determined
by X-ray adsorption spectroscopy (XAS) provided
at beamline BL 5.2 Synchrotron Light Research
Institute (SLRI). The intermediate photon energy
ranges of 5.7-6.7 KeV and 7.0-8.0 KeV for the
Cr K-edge and Fe K-edge, respectively, were
conducted. The beam characteristics were the
storage ring energy of 1.2GeV, the electron
current which varied in the range of 140-70
mA, and the use of a Ge(220) double-crystal
monochromator. For the XAS data collection,
3 scans for each sample were conducted for the
X-ray absorption near edge structure (XANES)
and extended X-ray absorption fine structure
(EXAFS) spectra. Athena and Artemis codes
as interfaces for IFEFFIT were employed for
X-ray absorption fine structure (XAFS) spectra
interpretation. The EXAFS fitting was performed
with empirical phase shift and amplitude
functions derived from the Fe,Os and over the
k range: 2-8. The glucose conversion and the
dehydration products were determined using
high-performance liquid chromatography (HPLC)
in a LC-20AD model (Shimadzu Corp., Kyoto,
Japan).

Catalytic Testing

The glucose dehydration was carried out
under hydrothermal conditions in a 25 mL
Teflon-lined autoclave. Glucose, 0.04 g, was
dissolved in 10 mL of deionized water and then
0.04 g of catalyst was the suspension. The
solution was aged at 190°C for 4 h before
quenching in an ice bath. The catalyst was
separated from the mixture by an external
magnet. The mixture was then analyzed by
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HPLC coupled with a refractive index detector
by primarily being filtrated through a nylon
membrane filter with a pore size 0.02 ym, @ =13
mm before injection. The catalytic conversion
and product yield were investigated.

Results and Discussion

Structural Analysis of FesO4 and Cr/Fe3O4

XRD:

The XRD patterns of the FesOs and
Cr/Fes04 are shown in Figure 1. The
synthesized Fes;Os indicates a characteristic
structure regarding JCPDS No. 19-0629 as
Rajput et al. (2016) and Alibeigi and Vaezi
(2008) report Main peaks at 26 = 30.16°,
35.40°, 43.23°, 53.51°, 57.09°, and 62.60°
found in the Fe3O4 and 26 = 30.27°, 35.54°,
43.36°, 54.01°,57.22°, and 62.86° in the Cr/Fe3O4
corresponded to the characteristic cubic structure
of magnetite. However, the main peak positions of
the Cr/Fes04 were systematically shifted to
higher values indicating a decrease of the
d-spacing. In addition, the peak intensity of the
Cr/FesO4 was lower than that of the pristine
Fes04. The lattice constants (a) of the FesOs
and Cr/Fes;04 were 0.8396 and 0.8359 nm,
respectively. The contraction of the lattice
parameter in the Cr/FesO4 cubic structure
demonstrated ion-exchange of Fe®" (ca. 63 pm)
sites by a smaller ion of Cr®* (ca. 62 pm) on
the Fe304 surface.

The crystalline sizes of the materials
determined by Scherrer’s equation were about
5.0 nm and 5.6 nm for Fes04 and Cr/Fes0a,

35.54

62.86

43.36 §1.22
30.27 54.0

Cr/Fe,0,

35.40

Intensity (a.u.)

T T T T T
20 30 40 50 60 70 80
2 theta (0)

Figure 1. XRD patterns of FesO4 and Cr/FesO4

respectively. An increase in a crystalline size
of the Cr/Fes04 indicated the covering of the
Cr-species on the Fe3O4 surface.

FT-IR:

The FT- IR spectra of the FesO4 and
Cr/Fe304 are shown in Figure 2. The Fes0s
spectrum showed a characteristic sharp band
corresponding to Fe-O vibration of the iron
oxide mainly in the goethite (a-FeOOH)
structure at 575 cm (Feng et al., 2012; Vahur
etal., 2010). The peak at 1645 cm* represented
H-O-H bending of adsorbed water on the
Fes0, surface (Kumari et al., 2014). The peak
at 3405 cm! corresponded to terminal -OH
vibration (Rajput et al., 2016). For Cr/Fe30s4,
the characteristic bands corresponding to Cr-O
bonds in chromium (111) oxide were observed
at 456, 575, and 648 cm* (Vahur et al., 2010;
Palimi et al., 2014; Gangadharan and Nambi,
2017). The band at 575 cm™* was also assigned
as an overlapping of the Fe-O and Cr-O bands
(Borgohain et al., 2010). These characteristic
bands clearly indicated the covering of a
chromium oxide structure on the Fe3O4 surface
which was coherent with the XRD results. The
sharp bands observed at 2336 and 1387 cm-!
represented the atmospheric CO, absorption
(McKellar et al., 2016).

Cr8* Uptake on FesO4

The adsorption ability of Cré" on the
FesO, was determined by varying the initial
concentration of Cr®" in the range of 1-20 ppm,
and the results are shown in Figure 3. The
adsorption ability of the FesO4 increased with

Cr/Fe 0,

Transmittance (a.u.)

T T T T T T T T
4000 3600 3200 2800 2400 2000 1600 1200 800 400
‘Wavenumber (cm"}

Figure 2. FT-IR spectra of FesO4 and Cr/FezOa4
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increasing the Cr® concentration and reached
maximum adsorption ability at about 3.33 mg/g
Fes04. An increase of the initial concentration
of the adsorbate contributed to an increase of
the molecular repulsion resulting in low
surface binding of the adsorbent and reaching
the surface saturation (Zolfaghari et al., 2011,
Rahimi et al., 2015).

o uptake (mg/g Fe,0,)

T
8 10 @18 20
Initial concentration of Cr (ppm)

Figure 3. The adsorption ability of FesOs to
Cr( VD) ions with varying initial

concentrations (the adsorption condition:
pH = 3, FesO4 = 0.1 g, time = 30 min)
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Normalized yp (E)

T T T T T T T T T
7100 7110 7120 7130 7140 7150 7160 7170 7180 7190 7200
Energy (eV)

Figure 4. XANES spectra at Fe K-edge in FesOas
and Cr/Fe304

Cr-adsorbed Species on Fe3Os by XAS
Analysis

XANES Analysis:

The Fe K-edge energy of the FesO4 and
Cr/Fe304 samples were observed at about 7124
eV, as shown in Figure 4 and Table 1, which
corresponded to the electron transition 1s—4p
of the Fe?*/Fe®" mixture. Thus the Fe species
on the Fe3O4 was not significantly changed
with Cr adsorption. However, the normalized
XANES intensity of the Cr/FesO4 was lower
than that of the pristine FesO4 revealing an
increase in the coordination number of the
Fe-O bond by an increase of the occupancy in
the d-orbital of Fe by oxygen donor atoms.
The suggestion on the iron structures will be
further described in the EXAFS analysis
section.

The XANES spectra in the Cr K-edge of
the Cr solution (I) and Cr/FesO4 solid (s)
compared with the Cr3" and Cr®" standards of
CrCl3 and K»Cr207, respectively, are shown in
Figure 5 and Table 1. Pre- edge and edge
energies of the Cr species can be attributed
simplistically to transitions between the bound
electronic states (e.g. 1s — 3d, 1s — 4s). The
pre-edge peak of Cr ions was dramatically
dependent on the oxidation state and
coordination chemistry. For ions with partially
filled d shells, the p-d hybridization changed
dramatically as regular octahedra distortion
(Cr¥), and is very large for tetrahedral
coordination (Cr*). The energy positions
found in the Cr solution (1) (Figure 5(a)) were
well correlated with the Cré"species. Besides,
the pre-edge energy of the Cr in the Cr/Fe304
(s) clearly presented the Cr3* species (Figure
5(b)) evidencing a reduction of Cré* to Cr3* by
Fes04. It was interesting that the XANES
profile of the Cr/Fes04 (s) was clearly different

Table 1. XANES analysis of Fe K edge and Cr K edge of the samples

Materials Pre-edge (eV) Edge (eV)
Fe K-edge FesOq 7112.36 7124.56
Cr/Fe3Oq 7112.26 7123.86
Cr K-edge Std. CrCls - 6000.64
Std. K2Cr207 5992.79 5999.62
Cr/FesO4 (I) 5992.94 5998.96
Cr/Fes04 () - 6002.51
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from the isolated Cr®* ion in the CrCls
standard. The XANES profile was well fitted
to the a- CrOOH structure containing the Cr3*

a partial ion exchange of the Fe®" sites by the
Cr3* ion containing a higher ionic strength and
smaller size than the Fe®" ion. The result was

ion in octahedral geometry deduced from the well coherent with the XRD and FTIR
literature (Lee et al., 1995; Ould-Chikh et al., analysis.
2014). The presence of this species indicated
(a) (b)
2 =
£ ¢ 5 .
i : 3
; f 1 ——Stl. CrCl, 2 ! ' — Std. CrCly
H fl, 2 - - -Std. K,Cr,0, g - - -S1d. K,Cr,0,
5 == CriFe,0, (1) —=-CriFe;0, (s)
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Figure 5. XANES spectra at Cr K-edge in solution (a) and on solid catalyst (b)
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Figure 6. Fourier transform (FT) magnitude of the k>-weighted Fe EXAFS with fresh FesOs (a)

Radial Distance (A)

——r—T T
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and Cr/Fes0s (b), fitting k-range of 2-8 A

Table 2. EXAFS fitting results of FesO4 and Cr/Fe3O4

T T T
45 50 55 6.0

sample Distance Coordination number Debye-Waller
A (CN) factor (c?)
FesOa4 Fe-O 1.46x0.37 0.9+1.20 0.003
Fe-O 1.95+0.01 2.9+1.20 0.005
Fe-Fe 2.78+0.02 2.5+1.04 0.015
Fe-Fe 2.99+0.02 3.8+£1.04 0.001
Fe-Fe 4.07+0.37 6.0+£1.20 0.021
Cr/Fe30a Fe-O 1.97+0.03 2.2+1.63 0.012
Fe-O 2.40+0.28 3.8+1.63 0.059
Fe-Fe 2.76+0.13 0.9+1.63 0.004
Fe-Fe 3.00+0.02 2.9+1.63 0.008
Fe-Fe 3.49+0.13 3.2+1.63 0.013
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EXAFS Analysis:

Fourier transforms EXAFS of the Fe3;04
and Cr/Fe30, were determined and reported in
Figure 6 and Table 2. The 4-fold Fe-O bonds
in Fe304 (Figure 6(a)) were calculated from
the first shell. One coordinated Fe-O and 3
coordinated Fe-O bonds were observed with
average bond distances at 1.46 and 1.95 A,
respectively. These results corresponded well
to the mononuclear [ FeO]* species calculated
by Choi et al. (2003). The result exhibited Fe3*
occupancy in the distorted tetrahedral site
found in the FesO4 structure. In addition, the
second shell containing 2 distances of the Fe-
Fe bonds of 2.78 and 2.99 A was determined.
It was noticed that no octahedral sites which
were occupied by both the Fe?" and Fe®* ions
were deduced by EXAFS analysis. Hence, the
Fe®* ion was the major component found in our
sample. The presence of this main species
contributed to the enhancement of an acidic
strength of the synthesized FesOs4 over the
commercial FesOs materials. Although, the
Fe?* sites could not be determined by EXAFS,
probably due to the ion content limit, the
XANES analysis clearly revealed the existence
of the Fe?*/Fe3" mixture in this structure (Table 1).

After Cr8" adsorption, the first shell of the
Cr/Fes04 sample indicated 6-fold Fe-O bonds
with average distances of 1.97 and 2.40 A.
Besides, 4-fold Fe-Fe bonds were determined
in the second shell with average distances of
2.76 and 3.00 A. An increase of the oxygen
surrounding the Fe atoms and extended in the
Fe- Fe bond distances compared with the
pristine FesO4 indicated the existent FeOOH
structure on the sample surface. The iron
species could be formed by the ion exchange
Cr pathway proposed in Equations (1) and (2).
The proposed reduction pathway of the Cré*
molecules by an isolated Fe?" ion had been
reported by Niu et al. (2005). We involved this
reaction pathway to explain a relevant surface
reaction of FesO4 containing Fe?" and Cré*-
adsorbed molecules. It was proposed to obtain
the solid product of the Fe(1.,CrOOH. The
solid mixture containing the FeOOH and
CrOOH structures was determined mainly in
the octahedral geometry of the M-O bonds
where M = Fe or Cr. The evidence of the

existent CrOOH species was also revealed by
XANES analysis. The transformation from
a tetrahedral to octahedral geometry of the
Fe-O bonds in FesOs clearly evidenced the
structural rearrangement of iron to the FeOOH
species on the Cr/Fe304 sample. The present
structures are suggested to react as the
Bransted acid sites for the negative molecules
of the Cr®" ion.

2HCrOs(aq) + 2Fe?*(aq) + 10H"(aq)
2Fe®"(aq) + 2Cr¥(aq) + 6H20(1)

—>

+ 02Ag) 1)
(1-x)Fe3*(aq) + (X)Cr¥*(aq) + 2H20(l) ——>

Fea-xCrkOOH(s) + 3H"(aq) 2)
Catalytic  Performances for Glucose
Dehydration

The glucose conversion and HMF yield
relevant to the initial concentration of Cr
compared with the Cr,O3 standard are shown
in Figure 7(a). The calculated turnover numbers
(TON) of each catalyst are plotted in Figure 7(b).
A high glucose conversion of about 90% and
41% HMF yield were obtained by the pristine
Fes04 catalyst indicating the presence of the
appropriated acidic strength of both the
Bronsted and Lewis sites on the catalyst
surface (Choudhary et al., 2013; Moreno-Recio
et al.,, 2016). It was noticed that the glucose
conversions were approximately high at 90-95
for all Cr/Fes04 catalysts. Therefore, the high
amount of the Lewis acid sites on the catalysts
was remained after the Cr loading on FesO..
The HMF yield of Cr/Fe30, was varied in the
range of 20-45% depending on the Cr content on
the catalysts. However, in comparison to the
glucose conversion of other metal oxide
catalysts performed in aqueous media from the
literature, as shown in Table 3, the Cr/Fez04
catalysts reached a higher HMF yield. The
greatest enhancement of the HMF yield of
about 50% was found on the catalyst of 20 ppm
Cr/Fe304. This result clearly evidenced the
increase of the Brgnsted acid sites over the
Fes04 surface by Cr adsorption (Elsayed et al.,
2018). The plausible active species on the
Cr/Fe304 catalysts, evidenced by XANES and
EXAFS analysis, were chemisorption species
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Figure 7. The glucose conversion and HMF yield of the pristine FesO4 and Cr/Fe304 catalysts (a)
(reaction condition: 0.04 g of glucose, 0.04 g catalyst, 190°C for 4 h) and TON of the

catalysts (b)

Table 3. Comparison of HMF yield and conversion of glucose on different heterogeneous catalysts

in agueous media

Catalysts Condition  HMF yield (%) Conversion of Ref.
glucose (%)

1. Sn 20/y-Al203 150 °C, 1h 12 88 Marianou et al. (2018)
2. ZnPO-700 125°C,3h 7 58 Villanueva and

Marzialetti, (2018)
3. Nb(0.05)-Betal8 180°C, 24 h 22% 47 Candu et al. (2018)
4. Fe3Oq 190°C,4h 42 90 This work
5. 20 ppm Cr/Fe304 190°C, 4 h 53 89 This work

* Selectivity of HMF

of Fe(1.xCrxOOH which contained Brgnsted
acid of the FeOOH and CrOOH structures.
Considering the TON of the Cr/Fe304
catalysts (Figure 7(b)), the highest TON of
about 6.9 was found by the 1 ppm Cr/FesO4
catalyst. The TON values were dramatically
decreased with increasing the Cr concentration
to 10 ppm. The TON values were then again
increased with increasing the Cr concentrations
to 15 and 20 ppm. These results correlated well
with the Cr-uptake in Figure 3. An increase of
the Cr content decreased dispersion of the Cr-
active phases on the catalyst surfaces by the
presentation of particle accumulation. Moreover,
the increase of the TON on 15 and 20 ppm
Cr/Fe304 might be due to the presence of
various Cr active species by physical adsorption
covered on the Fe3O4 surface when the Cr
concentrations were high. Those species could
enhance the Cr active sites on the catalysts and
improve the TON. However, the observed
TON on the 20 ppm Cr/Fe304 was less that that

achieved by 1ppm Cr/Fe3O4. Therefore, the
most active species on the Cr/Fe3;04 catalyst
was the ionic structure of Fe(1.,CrkOOH.

Conclusions

The cubic crystalline of a Fe;Os structure with
an approximate lattice parameter of 0.8396 nm
was performed via the hydrothermal method.
The lattice parameter of the FesO. was slightly
decreased by Cré* adsorption that might be due
to an ion exchange of the small ion size of Cr3*
in the Fe®" sites. The highest Cr uptake of
about 3.33 mg/g FesO4 conducted by UV-Vis
analysis was observed at 10 ppm Cr
concentration. The active species of Fe and Cr
on the Cr/Fe304 catalysts determined by XAS
were trivalent Fe and Cr in a Fe(1.xCryOOH
structure. In comparing with the pristine FezOs.,
the present Feu.xCrOOH structure on the
Cr/Fe304 catalyst could improve the HMF
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yield of the glucose dehydration in aqueous
media. This catalytic improvement might be
due to the existence of the Brgnsted acid sites
of the CrOOH and FeOOH structures on the
catalyst surfaces. Meanwhile, the pristine Fe3O4
contained only a strong acidic site of
tetrahedral Fe-O which was more favorable for
the isomerization process of glucose to a
fructose product. The dehydration product
yield of the HMF was less.
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