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Transesterification Performance of Amorphous Iron-Based Solid Base Catalyst

WU Chen-Liang LI Xiao-Qing ZHANG He-Feng YAN Xin-Huan™
(State Key Laboratory Breeding Base of Green Chemistry-Synthesis Technology,
Zhejiang University of Technology, Hangzhou 310014, China)

Abstract: Both amorphous and crystalline FeCeO,/Si0, solid base catalysts were prepared by chemical reduction
and co-precipitation methods, respectively. The activity of amorphous FeCeO,/SiO, for the transesterification of
prenyl acetate with methanol was remarkably enhanced compared with crystalline FeCeO, /SiO,. The catalysts
were characterized by inductively coupled plasma mass spectrometry (ICP-MS), N, adsorption-desorption,
transmission electron microscopy (TEM) in combination with selected area electron diffraction (SAED), X-ray
diffraction (XRD), X-ray photoelectron spectroscopy (XPS), and temperature programmed desorption (CO-TPD
and NH;-TPD). As a result, the activity of the catalysts is found to be closely related to its basicity, and the
amorphous FeCe0,/Si0, shows higher basicity. Prenyl acetate conversion of 95% and prenyl alcohol selectivity of
96% were obtained using amorphous FeCeO,/SiO, catalyst in transesterification reaction at 130 “C for 10 h. The
catalyst maintained a high level of activity after 10 cycles of testing. X-ray diffraction analyses of fresh and used
FeCe0,/Si0, catalyst demonstrated that this catalyst is exceptionally stable, which could be of value in industrial

application related to heterogeneous catalytic transesterification.
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0 Introduction

Maintaining  low  environment impacts in
industrial processes has become one of the major
issues of sustainable chemistry. Thus, solid bases have
been widely used in chemical industry to solve it.
They are proposed as heterogeneous catalysts for a
variety of processes such as aldol condensation, olefin
isomerization, Guerbet condensation, epoxide ring-
opening, production of fatty acid methyl esters from
natural fats, NO, adsorption and reaction, transe-
sterification of esters and alcohols!?. The replacement
of liquid acids and bases with solid acids and bases in
organic reactions makes sense because it combines
the advantages of less environmental hazard, easier
separation from the reaction mixture, and ease of

46 At the industrial scale, a homogeneous

recycling
catalyst such as KOH or NaOH is often used to
promote the transesterification of the prenyl acetate to
produce prenyl alcohol”. Tt requires water washing to
remove dissolved catalyst from product and suffers

Thus,

catalysts become competitive candidates because they

from separation  problems. heterogeneous
can avoid these problems.

A large number of crystalline iron solid base
catalysts have been investigated for transesterification
reactions, especially in the transesterification to
biodiesel productions. Macala et al.™ prepared an iron-
doped hydrotalcite with adjustable properties, in
which Fe** ions replaced some of AI** in the Mg/Al
layered double hydroxide lattice. Various types of iron
doped catalysts such as iron doped zinc oxide

9 and

catalysts””, iron doped carbonaceous catalysts!
iron oxide supported on silica!"! were studied for the
production of biodiesel. In order to enhance the
basicity of catalysts, Mg-Fe mixed oxide™ and Ca-Fe

151 were also commonly used in the

mixed oxide
production of biodiesel. However, the activity of the
catalysts decreased significantly after several uses
attributed to the leaching of the Ca or Mg component.
Moreover, Shi et al.l'" compared different crystal forms
of Fe,0; and found stronger magnetism could increase

the rate of biodiesel transesterification. Ce-Fe mixed

oxides were also used in the transesterification of
dimethyl carbonate and phenol™, propylene carbonate

U8 indicating its universality in various

and methanol
transesterification reactions. However, in the crystalline
iron-based catalyst, both of Mg-Fe and Ca-Fe had
shown excellent transesterification activity but with
poor stability due to the leaching of active component.
Ce-Fe had the advantage of high stability. However,
several shortcoming of Ce-Fe catalysts need to be
addressed, including the weak basicity and poor
activity.

Herein, we prepared amorphous FeCeO,/Si0, and
crystalline FeCeO,/SiO, to compare their transes-
terification activity. Previous studies showed that the
surface acid and base functionalities played a major

reaction”18l,

role in transesterification Amorphous
FeCeO, /Si0, catalyst was prepared by first reduction
and oxidation. Fe and Ce formed an amorphous
structure during the reduction process, and a large
amount of basic sites were formed during the oxidation
process. The characterization results showed that the
amorphous FeCeO,/Si0, had more basic sites than the
crystalline FeCeO,/SiO,. Moreover, the interaction of
Ce with Fe enhanced the stability of the catalyst!.
The aim of this study is to evaluate the catalytic
behavior of amorphous and crystalline FeCeO,/SiO, in

the transesterification reaction of prenyl acetate.
1 Experimental

1.1 Materials

Fe(NO;);-9H,0, Ce(NO3);-6H,0  and
acetate (AR) were purchased from ShanghaiAladdin
Bio-Chem Technology Co., Lid. SiO,, methanol (AR),
K,CO;, KOH and KBH, were purchased from Shanghai
Macklin Biochemical Co., Ltd.
1.2 Catalyst preparation

prenyl

According to the literatures™"

, an appropriate
amount of Ce could not only increase the basic sites
of the catalyst, but also improved the stability of the
catalyst through the interaction between Fe and Ce.
However, excessive Ce blocked the pores and reduced
the surface area of the catalyst. Excessive Fe formed

agglomeration with Ce, thus requiring a suitable ratio
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of Fe to Ce (wr/wc). After preliminary experiments to
determine the metal ratio of Fe and Ce, the crystalline
FeCeO,/Si0, with 5%(w/w) Fe metal and 10%(w/w) Ce
metal was prepared by co-precipitation method. The
solution of water and ethanol were mixed with 1 mol-
L™ solution of Fe(NO3);-9H,0 and Ce(NOs);-6H,0
under vigorous stirring. The 1 mol L™ K,CO; aqueous
solution was used as a precipitant adding dropwise at
a constant rate to precipitating batch, maintaining the
pH constant (at 8.0) during precipitation and tempera-
ture was kept at 303 K. Obtained precipitate was aged
for 1 h with the mother liquors still under stirring at
the reaction temperature. Then, the precipitate was
filtered out and washed with successive portions of
250 mL distilled water and 250 mlL methanol. The
precipitate were dried in static air at 333 K for 5 h.
The catalyst was obtained by calcination under
ambient air at 673 K for 5 h.

The amorphous FeCeO,/Si0, with 5% Fe metal
and 10% Ce metal was prepared by chemical reduction
under vigorous stirring from 1 mol +L.™" solution of
Fe(NO3);+9H,0 and Ce(NOs);-6H,0, the solution mixed
of water and ethanol. The KBH, solution (nBH;i(nye+n(;e)

=2.5:1) as a reducing agent was added dropwise at a
constant rate and temperature was kept at 303 K,
maintaining the pH constant (at 8.0) by KOH during
reduction. After the addition was completed, the
precipitate was aged for 1h then filtered out. Then the
precipitate was washed with 250 mL distilled water
and 250 mL methanol. The catalyst was re-oxidized by
static air at 333 K for 5 h. According to metal mass
ratio, the as-synthesized catalyst was denoted as 5%
Fel0%Ce0./Si0-M (M=C or A for crystalline or
amorphous structure, respectively).

1.3 Catalysts characterization

The metal element content of the catalyst was
determined using Agilent 7500CE inductively coupled
plasma mass spectrometry (ICP-MS).

N, adsorption at =196 °C was measured using a
Micromeritics ASAP 2010 system, the samples were
degassed at 200 “C for 6h under high vacuum. The
surface area was calculated by using the Brunauer-
Emmett-Teller (BET) method. The total pore volume

was determined by nitrogen adsorption at a relative
pressure of 0.99, and the pore size distributions were
calculated from the nitrogen adsorption isotherms by
the Barrett-Joyner-Hallenda(BJH) method.

Transmission electron microscopy (TEM) experi-
ments were conducted on a JEOL JEM-1200EX
electron microscope with an accelerating voltage of 60
kV. Before being transferred into the TEM chamber,
the samples dispersed in ethanol were deposited onto
holey carbon films supported on Cu grids.

XRD data were acquired with a Rigaku D/Max-
2500/PC powder diffraction system, using Cu Ko (A=
0.154 06 nm) radiation at 40 kV and 100 mA. The
step size was 5° over the 26 range of 5°~80°.

XPS data were acquired using an A Kratos AXIS
Ultra DLD photoelectron spectrometer with monochro-
matic Al Ka (1 486.6 eV) radiation under ultra-high
vacuum. The binding energy (BE) values were
calibrated internally using the Cls peak with BE=
284.8 eV. The experimental error was within 0.1 eV.
An approximate quantitative calculation was made by
integrating the areas of the Ce** and Ce* peaks after
curve peak fitting.

COo/NH5-TPD data were acquired using a Builder
PCA-1200 Each
sample was pretreated in a He flow at 373 K for 1 h

chemical adsorption instrument.
and then cooled to room temperature. CO/NH; was
adsorbed at room temperature for 30 min at 40 mL -
min ', after which a He flow was initiated to purge
residual CO/NH; for 30 min. The desorption was
performed at a heating rate of 10 K+-min™ from 323 to
973 K, using a thermal conductivity detector and He
as the carrier gas.
1.4 Catalytic test

The transesterification reactions of prenyl acetate
with methanol were carried out in 500 mL stainless
steel autoclave equipped with a magnetic stirrer. 15
mL of prenyl acetate and 135 mL of methanol were
mixed well, followed by the introduction of 0.6 g of
the catalyst. The reactor was pressurized with N, to
0.5 MPa and heated to 130 °C under stirring for 10 h.
After the reaction, the autoclave was cooled down in

ice water and the mixture was centrifuged and
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analyzed by a GC equipped with a DB-5 capillary
a FID detector. In the

transesterification of prenyl acetate with methanol,

column coupled with
prenyl alcohol and methyl acetate were the target
molecule and co-product, respectively. In addition to
the main products, 3-methyl-3-methoxy-1-butene and
1-methoxy-3-methyl-2-butene were by-product. The
conversion (Conv.) of prenyl acetate and selectivity
(Sel.) to prenyl alcohol were calculated as follows:
m, /M, —m,/M,
m, /M

1

x100%

Conversion=
1

Selectivity= x100%

m, /M,
m, IM,—m,/M,
where m, is the mass of prenyl acetate in the feed, m,
is the mass of prenyl acetate in the product, m; is the
mass of prenyl alcohol generated, M, is the molar

mass of prenyl acetate, and M, is the molar mass of

prenyl alcohol.
2 Results and discussion

2.1 Characterization results

Table 1 showed the metal loading and textural
properties of prepared 5% Fel0% CeQ,/Si0; catalysts,
as well as SiO,. It could be seen that the actual
loading was slightly lower than the theoretical value,
indicating that some metal loss may occur during the
preparation step. However, these losses had little
effect on the catalyst and could be neglected.
Therefore, the actual mass ratio could be replaced by
a theoretical value. According to N, adsorption-
desorption results, SiO, exhibited the largest surface
area of 194 m?-g™ after loading the metal. The surface
area and average pore volume decreased owning to the
blockage of narrow pores by the introduction of large

amount of Fe and Ce species.

Fig.1 showed the morphology images of 5%
Fel0% Ce0./Si0,-C and 5%Fel0% Ce0,/Si0-A. It
revealed that the 5% Fel0% Ce0,/SiO,-C was nearly
uniform with good dispersity and crystal structures.
5%¥e10%Ce0,/Si0-A

packed amorphous matrix, while the Fe and Ce oxide

exhibited only a densely
phases were homogeneously mixed at quasi-molecular
level and formed a prevalently amorphous structure.
Solid solution-like FeCeO, species may be present in
amorphous samples. In the selected area electron
diffraction(SAED) mode, the crystalline catalyst showed
a circle of diffracted aura, while the amorphous
catalyst showed a diffuse halo, due to the amorphous
structure.

Fig.2 illustrated XRD patterns of the FeCeO,/Si0,
catalysts. A very broad peak at 26 of ca. 22.0° was
clearly observed on both catalysts, which can be
ascribed to amorphous Si0O, (PDF No.29-0085) .
Diffraction peaks of CeO, phase were only observed at
260=28.1°, 33.1°, 47.5°, 56.5° in the sample prepared
by co-precipitation, which was characteristic of a cubic
fluorite-structured material (PDF No.81-0792). The
peaks belonging to Fe,O; were not observed, likely
referring to its low content. In the sample prepared by
chemical reduction, no diffraction peaks of Fe or Ce
were observed. The TEM and XRD results confirm
that the catalyst prepared by chemical reduction exists
in some amorphous state.

XPS measurements were used to characterize the
surface element composition of the resultant FeCeO,/
Si0, (Fig.3). It revealed that the surface of FeCeO/
Si0, contained mainly Si and O with a bit amount of
Fe and Ce. To determine the chemical components
(Fe, Ce),
high-resolution XPS spectra of Fe2p and Ce3d were

and the oxidation states of each element

Table 1 Physicochemical characterizations of as-prepared catalysts

Actual load of Actual load of Seer / ) Pore volume* /
Catalyst Pore diameter” / nm
Fe'/ % Ce"/ % (m?-g™) (em®-g™)
Si0, — — 194 14.38 1.38
5%Fe10%Ce0,/Si0,-A 4.9 9.7 153 15.78 1.13
5%Fe10%Ce0,/Si0,-C 4.8 9.5 189 13.35 1.21

* Determined by the ICP-MS technique; " Average pore diameter; °BJH desorption pore volume.
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Fig.1 TEM images of FeCeO,/SiO, samples: (a, b) 5%Fe10%Ce0,/Si0,-C, (¢, d) 5%Fe10%Ce0,/SiO,-A

highlighted. Ols spectra was used to illustrate the

basic site on catalyst surface.

» & Si0,
@ CeO,

10 20 30 40 50 60 70 80
20/ (°)

Fig.2  XRD patterns of FeCeO,/SiO, samples: (a) 5%Fe
10%Ce0,/Si0,-C, (b) 5%Fe10%Ce0,/Si0,-A
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Binding energy / eV

Fig.3  XPS spectra of FeCeO,/SiO,samples

(Fig.4) from FeCeO,/Si0,
indicated the existence of doublet Fe2p;, and Fe2p,
with binding energies of about 711.0 and 724.6 eV,

[24-25]

The spectra of Fe2p

respectively There was satellite peak situated at
about 718.8 eV, which was a major characteristic of
Fe3+ [25]

the same, clearly revealed that most of the Fe on the

Fe2p spectra of the two catalysts were almost

surface of amorphous catalyst were oxidized to Fe™.

Fedp Fe2p,, Fe2p,,

satellite

5%Fe10%Ce0,/Si0,-C

Rl

5%Fe10%Ce0,/SiO,-A

740 735 730 725 720 715 710 705
Binding energy / eV

Fig.4 XPS spectra of Fe2p of FeCeO,/Si0, samples

Fig.5 represents the XPS spectra of Ce3d of
FeCe0,/Si0, catalysts. The Ce3d spectra showed a

complex multiple peaks. XPS peaks denoted as U"”
(916.7 eV), U" (907.5 eV), and U (901.0 eV) and V"
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(898.4 eV), V" (888.2 €V), and V (882.5 eV) are indicates that there are more surface -OH species on

attributed to Ce** species while U" (903.5 eV), U,
(898.8 eV), V' (884.9 eV), and V, (880.3 eV) are
assigned to Ce’* species. The peaks assigned U’, U,
V', and V, are the main representatives of the 3d'°4f"
electronic state of Ce’* ions, while the peaks assigned
U”, U", U, V", V" and V are the main representatives
of the 3d"4f° electronic state of Ce* ions® . The Ce*
relative surface ratio of amorphous and crystalline
calculated as 82% and 37% ,

respectively. The increasing amount of Ce™ was due to

catalysts  was

the different degrees of catalyst oxidation.

Ce3d
Uy

o

ankin

5%Fe10%Ce0 /Si0,-A

920 910 900 890 880
Binding energy / eV

Fig.5 XPS spectra of Ce3d of FeCe0,/Si0, samples

As presented in Fig.6, two kinds of surface
oxygen species were identified by performing a peak-
fitting deconvolution. The peaks at higher binding
energy of 531.0~533.0 eV are attributed to the surface
-OH species (0,), and the peaks at lower binding energy
of 529.0~531.0 eV are characteristic of 0> (Op),
attributed to carbonate species™. The O, relative
(91.9% ) was
higher than that in crystalline catalyst (90.6%). This

surface ratio in amorphous catalyst

the surface of the amorphous catalyst, which may lead

to more weak basic sites on the catalyst surface.

Ols Q.

O

5%Fe10%Ce0 /Si0,-C

5%Fe10%Ce0 /Si0,-A

538 536 534 532 530 528 526
Binding energy / eV

Fig.6  XPS spectra of Ols of FeCeO,/SiO, samples

From previous work it appeared that the amount
of basic sites of the catalyst is an important factor
affecting its catalytic activity in the transesterification

reaction?

. CeO, was a weakly basic oxide, and the
addition of Fe enhanced its basicity. In order to prove
that the basicity of the catalyst plays a dominant role
in this reaction, CO,-TPD profile and NH;-TPD profile
of catalysts were acquired and shown in Fig.7 (a,b).
Peaks in the CO/NH;-TPD profiles were classified as
corresponding to: weak (<200 °C), moderate (200~450
°C) and strong  (>450 °C) basic/acid sites in the relative
temperature. For the CO,-TPD results, both crystalline
and amorphous sample showed significant CO, uptake.
According to literature™, CeO, showed a weakly basic
peak at around 100 “C, while in the amorphous
sample, the intensity of weak and moderate basic sites
increased. The intensity of the weak and moderate

basic sites depends on the Lewis acid-basic paring

5%Fe10%Ce0 /Si0,-C
5%Fel0%Ce0,/Si0,-A
Sio,

(@)

(b) 5%Fe10%Ce0,/Si0,-C
5%Fe10%Ce0 /Si0-A

Sio,

100 200 300 400 500 600 7
Temperature / ‘C

100 200 300 400 500 600 700
Temperature / ‘C

Fig.7  Profiles of CO,-TPD (a) and NH;-TPD (b) for as-prepared catalysts
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and OH™ bond present on the surface, and the higher
basic nature is due to the low coordination of surface
0> 54, The amount of total basic sites was calculated
(Table 2).

calculated by dividing the amount of total basic sites

Thereafter, the basic site density was

per unit mass by the BET surface area®. The total
amount of CO, desorbed from SiO,, 5% Fel0% CeO,/
Si0,-A and 5%Fel0%Ce0,/Si0,-C was 0.85, 2.10 and
1.52 mmol - g™, respectively. The respectively value of
basic site density was: 4.39, 13.74 and 8.06 pwmol -m™.
The results in Table 2 indicate that the amorphous
catalyst has much more basic sites than the crystalline
catalyst.

NH; desorption temperature and amount acid

sites were calculated (Table 3). The total amount of

NH; desorbed from SiO,, 5% Fel0% Ce0,/SiO>-A and
5%¥el10%Ce0,/Si0,-C was 0.96, 2.19 and 0.59 mmol -
g™, respectively. The respectively value of acidic site
density was: 4.96, 14.33 and 3.13 wmol -m™. It can be
seen that the amorphous catalyst had both basic and
acidic sites, and Si0O, also exhibited a small amount of
basicity and acidity. Although SiO, had more acid
sites than crystalline catalyst, its reaction performance
was much worse. The crystalline catalyst had higher
activity than SiO, due to its stronger basicity.

Therefore, this  could explain that in the
transesterification reaction of prenyl acetate, the
activity of the catalyst was mainly derived from the

basic site rather than acidic site.

Table 2 TPD analysis using absorbed CO, for determining the basic properties of as-prepared catalysts

TPD analysis of absorbed CO, / (mmol - ¢™)

Total evolved Basic site density /

Catalyst Weak (<200 C)  Moderate (200~450 ) Strong (>450 C) €O, / (mmol-g") (mol -m?)
Si0, 0.05 0.38 0.42 0.85 4.39
5%Fel0%Ce0,/Si0,-A 0.23 0.94 0.93 2.10 13.74
$9Fe10%Ce0./Si0,-C 0.13 0.4 0.95 1.52 8.06

Table 3 TPD analysis using absorbed NH; for determining the acidic properties of as-prepared catalysts

TPD analysis of absorbed NH; / (mmol - g™

Total evolved Acidic site density /

Catalyst Weak (<200 °C)  Moderate (200~450 °C)  Strong (>450 °C)  NH; / (mmol -g) (pmol -m™)
$i0, 0.28 0.43 0.25 0.96 4.96
5%Fel0%Ce0,/Si0,-A 1.09 0.84 0.26 2.19 14.33
5%Fel0%Ce0,/Si0,-C 0.25 0.13 0.21 0.59 3.13

2.2 Catalytic properties in reaction of prenyl
acetate transesterification with methanol
The transesterification performance of the
catalysts is listed in Table 4. The formation rate of
prenyl alcohol in the unit of mmol product per gram
of catalyst per hour (k) was also calculated and listed.

It can be seen that the amorphous catalyst had much

better transesterification  performance than the
crystalline catalyst, attributing to more basic sites.

The reaction conditions were optimized to
achieve maximum yield of prenyl alcohol. The effect
of temperature, the amount of catalyst and mass ratio
were studied for prenyl acetate with 5% Fel0% CeO,/

Si0,-A catalyst. The reaction temperature was varied

Table 4 Catalytic performance of as-prepared catalysts

Catalyst Conv. of prenyl acetate®* / % Sel. of prenyl alcohol® / % k" / (mmol - g”'+h™)
Si0, 243 64.9 2.82
5%¥e10%Ce0,/Si0-A 95.2 96.5 16.45
5%¥e10%Ce0./Si0,-C 65.6 89.0 10.45

* Reaction conditions: M/ My waae=9, catalyst dosage=0.48%(w/w), 130 °C, 10 h; "k is the formation rate of prenyl alcohol in

the unit of mmol product per gram of catalyst per hour.
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Fig.8 Effect of temperature (a), catalyst dosage (b), mass ratio of methanol to prenyl acetate (c) on transesterification

performance of 5%Fel10%Ce0,/Si0-A catalysts

from 110 to 140 °C and the results are shown in Fig.8
(a). The results suggested that the conversion of prenyl
acetate increased with the increase in the temperature
from 110 to 140 °C. At 110 °C, the prenyl acetate
conversion was 53% , which increased to 97% upon
increase in the temperature to 140 °C. Correspondingly,
the selectivity of prenyl alcohol decreased with
increasing reaction temperature. The yield of prenyl
alcohol was maximized at a reaction temperature of
130 “C.

An important variable affecting the yield of
prenyl alcohol was the catalyst dosage which was
varied from 0 to 1.2%(w/w) keeping the temperature at
130 °C and Muand/Myprenyt aceae 0f 9. Upon increasing the
catalyst dosage from 0 to 1.2%, the results are shown
in Fig.8(b). Hence, the catalyst dosage of 0.48%(w/w)
with respect to the total reactant was found to be the
optimum to get high prenyl alcohol yield.

The effect of mass ratio was studied for prenyl
acetate with 0.48% (w/w) dosage of 5% Fel0% CeO,/
SiO,-A at 130 °C. The stoichiometry of the transes-
terification reaction required 1 mol of methanol per
mole of prenyl acetate to yield 1 mol of methyl acetate
and prenyl alcohol. To shift the transesterification
reaction to the right, it was necessary to use a large
excess of methanol, and hence the mass ratio of
alcohol to ester was varied from 4 to 12 (Fig.8(c)). The
mass ratio being 9 was considered to be the optimum
mass ratio to get high conversion of prenyl acetate.

Since each experiment needed a work-up to get

the conversion and yield, effect of reaction time was

studied independently by carrying out transesterifica-
tion for 2~20 h under the identical conditions (130 °C,
catalyst dosage =0.48% (10/10), Muttanod Mprenyt acetne =9) for
prenyl acetate using 5% Fel0% Ce0,/Si0,-A catalyst.
The results are shown in Fig.9. With an increase in
reaction time, vyield of prenyl alcohol increased
gradually and it remained constant after some point.
From the results, it is clear that the yield hardly
increases after 10 hours. Once the reaction mixture is
saturated with the product, a small amount of

unreacted prenyl acetate may not be able to interact

with the catalyst active sites.

100
90
80
70:
60:
50
401
30—. —=— Conversion

2 1 _._. Selelctmty

2 4 6 8 10 12 14 16
Time / h

18 20 22
Conditions: M/ Myt =9, catalyst dosage=0.48%(w/w),
temperature=130 C

Fig.9 Effect of time on prenyl acetate transesterification

reaction catalyzed by 5%Fel0%Ce0,/Si0-A

catalyst

The transesterification reaction of prenyl acetate
with methanol using 5%Fel0%Ce0,/SiO»A showed
95% conversion for 10 hours. The reusability study
was conducted with 5%Fe10%Ce0,/SiO-A catalyst for

the transesterification of prenyl acetate. The test was
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performed up to 10 successive cycles for the
reactions. The catalyst stayed active and showed
consistent performance  (Fig.10). Interestingly, the
catalyst without regeneration at high temperatures was
able to retain the activity after successive reuse.
Furthermore, XRD patterns of both fresh and recycled
catalysts for transesterification of prenyl acetate
indicate that there is no change in phase purity and
the amorphous structure remains stable after ten
cycles (Fig.11). Iron oxide forms a stable amorphous

dislocation with the cerium oxide component.
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Fig.10 Recyclability test of 5%Fel0Ce0,/SiO,-A catalyst

for transesterification reaction of prenyl acetate

ot

S0,

Fresh catalyst

Recycled catalyst

10 20 30 40 50 60 70 80
20/ ()

Conditions: M/ My weae=9, catalyst dosage=0.48%(w/w),
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Fig.11  XRD patterns of fresh and recycled

5%Fel0%Ce0,/Si0,-A catalyst
3 Conclusions

In summary,

FeCeO,/Si0, and
crystalline FeCeO,/Si0, catalyst were obtained by

amorphous

chemical reduction and co-precipitation methods. For

the transesterification of prenyl acetate and methanol,

the high activity of 5%Fel10%Ce0,/SiO,-A is attributed
to the basicity properties. Under the optimized reaction
conditions, the 5%Fel0% Ce0./Si0-A catalyst offered
the highest prenyl acetate conversion of 95% with an
excellent prenyl alcohol selectivity of 96%. The 5%
Fel0%Ce0,/SiOxA catalyst has more basic sites, and
it has excellent stability due to the interaction of Fe
and Ce. Furthermore, the catalyst remained active
after 10 cycles of using, which is a composite oxide
and an amorphous form. Compared with the previous
reported transesterification catalysts, the FeCeO,/SiO,-
remarkable merits in

A catalyst has catalyst

preparation, recycling and catalytic activity. Therefore,
it can be inferred that the FeCeO,/Si0O,-A will be of

practical potential for the transesterification reaction.
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