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Abstract- Designing specific method to investigate selective catalytic reaction of ethanol dehydration to produce diethy lether
as a more valuable product is very challenging. In this study, four types of gold nano particles (AuNP) on TiO2 heterogeneous
catalysts were prepared by hydrothermal (HT) and solvothermal (ST) methods, denoted as AUNP/TO-AHT; AuNP/TO-RHT;
AUNP/TO-AST and AuNP/TO-RST(A = anatase and R = rutile phase). Further, their property of catalytic were investigated in
terms of ethanol to diethyl ether conversion through dehydration reaction of ethanol. The catalyst product and diethyl ether
(DEE) were then characterized to determine their characteristics and performance using FTIR, XRD, SEM and GCMS
instruments. We discovered that the TO-HT revealed more amount of active acid positions and greater pore volume surface
area than those of TO-ST. GCMS analysis showed that the highest transformation of ethanol to DEE was reached by the
catalyst AuNP/TO-AHT (16.96%) followed by AuNP/TO-AST (0.97%), AuNP/TO-RHT (0.33%), and AuNP/TO-RST
(0.07%).

Keywords Ethanol dehydration, diethyl ether, gold nanoparticle (AuNP), heterogenous catalyst, hydrothermal, solvothermal.

1. Introduction livestock manure to produce biogas. It is also intended to

produce renewable energy [1]. Researchers have been paying

In recent times, with rapid decline of fossil energy
supply, the demand for energy fuel has increased. Therefore,
development of a sustainable and environment friendly
energy system is one of the most important challenges to
fulfil a constantly growing energy need. Biomass can be
considered as a renewable raw material to produce ethanol
through fermentation. In addition, other researchers use

attention to the catalytic dehydration process in producing
ethylene and diethyl ether (DEE) from ethanol since it is
known that they can be operated at lower temperatures,
minimize complications in the process, and produce fewer
impurities [2]. In plastic industry, ethene or ethylene is one
of the crucial basic materials to produce polyethene, ethene
oxide, phenylethane, and poly(1-phenylethene). Currently,
thermal cracking catalytic from product of petroleum, for
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example natural gas condensate or petroleum distillate, and
dehydration of ethane from natural gas are two methods used
to produce ethylene.

Apart from ethylene, ethanol dehydration also produces
DEE through catalytic reaction using liquid H,SO4 as a
catalyst. This process, however, requires further separation
and purification process. A solid acid catalyst which is
reusable and easily separated from the product is therefore
highly desired. DEE is a very important chemical in
transportation fuels for enhanced ignition additives in diesel
and gasoline engines. Some of the valuable properties
include octane number higher than 110, great volatility,
cetane number higher than 125, low auto-ignition
temperature, reasonable energy density for on-board storage,
wide flammability limit, high oxygen content, and good
miscibility, high in fuel of diesel and bioethanol [3][4].

As DEE is an important product for chemical industry
and transportation, having a highly selective solid acid
catalyst for DEE production would be ideal. Phung and
Busca [2] used zeolite and alumina as catalysts to produce
DEE from ethanol conversion. The dehydration of ethanol
selectively to ethylene relatively occurs at high temperatures
by means of elimination via breakdown of the ethoxy groups
using those catalysts; it also occurs at lower temperatures in
successive pathways through the formation and breakdown
of DEE. Other researchers employed widely available and
inexpensive metal oxide heterogeneous catalysts such as
AlyO3, TiO,, ZrO,, ZnO [3]. Due to properties of TiO. i.e
high thermal stability, adaptable surface, mechanical strength
and good porous distribution, this material is a widely used
as heterogeneous supporting catalyst in fuel processing.
Incorporating noble metals such as platinum (Pt), gold
(AuNP) and silver (Ag) onto TiO, has been widely used for
enhancing stability, catalytic performance and its control
[51[6][7]- In addition, Leal et al have reported that the
AU/TiO, catalysts are capable of being used at low
temperatures and shows excellent performance and high
stability [6]. Au/TiO- catalyst is also used for several ethanol
reactions, such as oxidation, dehydration to ethene and to
ethanal at high temperature [8]. In the present study, catalyst
of AuNP/TiO, anatase and rutile were prepared through
hydrothermal and solvothermal methods. The catalyst was
impregnated by H»SOs. Structure and performance of the
catalyst were then examined by X-ray Diffraction, Scanning
Electron Microscope (SEM), Gas Chromatography-Mass
Spectroscopy (GC-MS) and Fourier Transform Infrared
(FTIR).

2. Methodology
2.1. Preparation of Catalyst

For preparation of the catalysts, we used titanium oxide
anatase and rutile purchased from Aldrich, HAuCl4.3H;0,
ethanol (99.99%), H,SO, concentrate, dimethyl formamide
(DMF) as a solvent and HNO3 were purchased from Merck
Company Ltd., urea from Bratachem.

TiO, anatase and rutile were synthesized by
hydrothermal and solvothermal methods [2,10]. Calcination

of TiO, were carried out at temperature of 400 °C within 3 h.
Then, TiO; calcinated was used for further hydrothermal and
solvothermal process. The composition of the mixture
consisting of the ratio between TiO2, HNO3 and water is 1:
0.5:50. Further, the mixture was transferred to a Teflon-lined
autoclave after being stirred for 30 min, and the reaction of
hydrothermal was carried out at 200 °C for 6 h. The resulted
sample was dried at 80 °C. Further the sample is impregnated
in to H2SO4 solution within 5 h to get the acid catalyst of
titania sulfonate. However, solvothermal process used DMF
as a solvent. The reaction was conducted at 100 °C within 6
h.

2.2. Synthesis of Gold Nano Particle (AuNP)

Synthesis of AUNP uses a reduction process with the
citrate method. The reducing agent used is trisodium citrate.
The process of reducing Au particles to nano can be seen
visually by change in colour of the solution during the
reduction process from a colourless solution to red. The
AuNP solution must then be stored in a dark vial at 4 °C and
then used for preparation of the AuNP/TO catalyst. The
AUNP solution was characterized by a particle size analyser
(PSA).

2.3. Impregnation Catalyst with AUNP

An amount of 2.5 g of calcined TiO, (anatase/rutile) was
added into 50 ml of urea 0.42 M solution and 0.5 mL of 2%
AUNP solution. The mixture solution was then homogenized
and heated at 87 °C for 8 h and kept the pH constant. Then,
the solution was filtered and then dried at a temperature of 80
°C, after that the dried precipitate was calcined at a
temperature of 300 °C. According to the types of TiO, of
anatase and rutile and 2wt% AuNP, the samples were
labelled as AUNP/TO-AHT and AuNP/TO-RHT, AuNP/TO-
AST and AuNP/TO-RST, respectively.

2.4. Determination of Performance of Catalyst

To determine the crystalline phase present in the catalyst
as well as the chemical composition contained therein,
measurements were made using X-ray diffraction (XRD)
Rigaku, miniflex 600. The size of crystallite was assessed
using the Scherrer formula,

Kk
CS_BCOSG

(1)

here A, B, and 20 were the wavelength of the X-ray radiation,
the half-height width of the diffractive peak, and the
diffractive angle, respectively. The state of AuNP on the
surface of TO was observed with a SEM JEOL operated at
an acceleration voltage of 100 kV. The content of AuUNP in
AUNP/TO samples was determined by FTIR. The Au
loading of the samples is stated in gram of Au per gram of
sample: 2 wt% AuUNP in TO. Diethyl ether obtained was
evaluated with GC-MS GC Thermo Scientific type 1SQ 1300
MS.

3. Result and Discussion
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3.1. Characteristic of TiO,-NP

Titanium oxide synthesized by hydrothermal process is
white apparent. TiO, has been shown to be one of the
favorable semi-conductors n-type because of its widespread
band gap (3.2 eV) in UV light. In addition, it has
extraordinary stable in chemical and physical properties in
addition to have great refractive index which has made this
material much investigated. Due to its optical and electronic
properties, TiO, can be used in various subjects, such as
basic material for solar energy application, catalysts, self-
screening and cleaning in environment field. In
electrochemistry, TiO, based materials play important part
since of their great stability and conductivity in alkaline and
acid solution.

Titanium oxide occurs in three forms of crystalline;
rutile, anatase, and brookite. Anatase and rutile are the
utmost usual forms, and the crystal size of rutile is constantly
bigger than that of the anatase. Brookite is a third structural
form, an orthorhombic structure, which is rarely used, and
remains unattractive for most applications. Of the three
phases, rutile phase is the most stable in thermal. Anatase
and brookite crystals, above 600 °C undergo a phase
transition and gets converted into the rutile phase. Generally,
the transformation of anatase into the rutile phase occurs
between 600 °C-700 °C, therefore the TiO, calcination was
carried out at a temperature of 400 °C. However, for certain
applications, TiO; anatase must be stable at temperatures of
900 °C.

The diffraction pattern of XRD in Fig.1 revealed that the
TiO, obtained was established to form a pure anatase crystal
structure (JCPDS # 00-021-1272). Three different diffraction
peaks were perceived at 2 0 values of 25.31°, 37.79, and
48.04 ° according to (101), (004), and (200) of the crystal
plane anatase.
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Fig. 1. Diffraction pattern of TiO,-NP anatase

The crystal size obtained is calculated following the
Scherrer formula with Cu Ka = 0.15406 nm, k is the taken
constant of 0.94, 0 is the diffraction angle, and B is the full
width at half the maximum (FWHM) peak in radians. All
diffraction peaks were calculated and a mean crystal size of
79 nm obtained. The incorporated process of Au on to TiO;
produces a different diffraction pattern from pure TiO;
anatase (Fig.2). It shows two characteristic peaks that
correspond to the mixture of AUNP/TiO-anatase forms. The
peak at 25.335° (20) corresponds to the anatase shape of
TiO, (JCPDS # 01086-1156). It has a tetragonal structure
with a body-centered cubic lattice. The peaks at 37,809°,
48,105° and 70,394° (20) were identified as coming from
(004), (200) and (220) respectively to represent the Au

diffraction pattern (JCPDS # 00-004-0784). This diffraction
pattern can be indexed to space group Fm3m (225), a face-
centered cubic structure with cell parameter a = 4.0786 A.
The average crystal grain size calculated using the Scherrer
equation was found to be 43.9 nm. The pattern is comparable
with the ones reported in the literature [9].
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Fig. 2. Diffraction pattern of AuUNP/TiO; anatase

Figure 3a exhibits the XRD diffraction pattern of the
TiO; rutile type. The peaks corresponding to the rutile phase
were confirmed by JCPDS # 01-076-0649 i.e. peak around
27.440°, 36.079°, 41.240°, 54.325° and 56.635°and it were
also according to planes of the Miller indices (110), (101),
(111), (211) and (301), respectively. This diffraction pattern
is dealing in the space group P42/mnm (136), with a
tetrahedral crystal form.
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Fig. 3. Diffraction pattern of TiOp-rutile (a);
AUNP/TIO; rutile (b)

In contrast to AUNP/TiO»-anatase, the addition of AUNP
into TiO.-rutile only shows a diffraction pattern with a small
intensity (Fig. 3b). As can be seen that diffraction peaks
around 41.24°, 39.19° and 56.63° corresponds to planes
(111), (200) and (220) according to the cubic structure of
metallic gold [13,14]. According to Martinez et al. [13][16],
gold deposition by impregnation method did not affect the
crystalline phase coexistence of TiOj-anatase and rutile. In
conclude, there is no significant change in XRD diffraction
pattern when Au nanoparticles are combined with the
resulting catalyst.
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As shown in Fig. 2 and 3, the four samples of anatase
and rutile have very similar shape and intensity of diffraction
peaks, this indicates that the calcination at 400 °C for 5 h did
not cause changes in the content and particle size of anatase
and rutile in the sample. These results are in accordance with
research obtained and reported by Tian et al. [11]

3.2. Surface Morphology of Catalyst

The morphology catalysts prepared by different methods
and types revealed distinctive structures. Figure 4 shows the
results of observations of the morphology of the catalyst TO-
AHT and TO-RHT. The TO-AHT formed crystal uniformity
(Fig. 4a) while TORHT appears to form aggregates (Fig. 4b).
The outcomes are consistent with the results reported by
Machin et al. that catalyst TiO, consist irregular spheric
aggregates [8].  Anchale et al. have reported that
impregnation of Noble metal on TiO, will exhibit more
porous particle and increase the porosity of catalyst [2].

(a) (b)
Fig. 4. Morphology of TO-AHT (a) dan TO-RHT (b)

Meanwhile, the surface morphology of the solvothermal
process catalysts exhibited clustered or aggregated crystals,
either anatase (Fig. 5a) or rutile (Fig. 5b). The solvothermal
process uses DMF solvent, in theory the addition of DMF
solvent will stimulate an increasingly regular crystal form.
But with the addition of excessive DMF and low temperature
the desired crystal formation remains less than optimal so
that larger aggregates are formed compared to the
hydrothermal process. Beside, there is an effect sulfation
process toward agglomeration form in both anatase and
rutile. This is in accordance with the results obtained by
Karna et.al, that particle size of the solvothermal product is
larger than that of hydrothermal [17].
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Fig.5. Morphology of TO-AST(a) and TO-RST (b)

3.3. Analysis Functional Group

The FTIR spectra of TO-HT, AuNP/TO-HT and
AUNP/TO-SQ4 are shown in Fig. 6. The presence of AUNP in
TiO, causes a shift in the vibrational band at wave numbers
690 cm? to 721 cm® and a significant change in wave
number 3400 cm™ to 3600 cm™ indicates the presence of
H,0O arising from HAuCI4.3H,0. Vibration bands of about
3400 cm* and 1655 cm present in the spectrum indicating
the presence of a hydroxyl group attached to a titanium atom
(Ti-O-H). Lee et al have reported peak growth at 2300 cm™*
proved the conversion of CO to CO, which corresponds to
the C-O stretching mode of CO; [12]. Thus, it should be
indicated that this reaction condition has occurred at low
temperature, the signal is related to the carbon dioxide
condensed on the titania support, not to the gas phase CO; as
shown in the experiment at room temperature or above
[9][11]. The presence of a vibration band at a wave number
of 732 cm™ even though its intensity is small shows that
there is a bond between oxygen and Ti (Ti-O). Other
vibration bands indicate Ti-OTi (1400 cm™) and Ti-O-O (500
cm®) [8][17].
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Fig. 6. Spectra TiO, and AuNP/TiO;

3.4 Performance of Catalyst

The dehydration reaction that occurs in ethanol using this

’ catalyst produces DEE that is not optimum. In result of
GCMS determination showed that the highest ethanol
*Jconversion to DEE was achieved by the catalyst AUNP/TO-
JAHT(16.96%) then AUNP/TO-AST (0.97%), AuNP/TO-
RHT (0.33%) while AuUNP/TiO,-RST (0.07%). The
AUNP/TO-AHT catalyst has a larger surface area than other
catalysts proven by the high active acid site. Therefore,
ethanol dehydration reaction in the reactor is faster to be
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achieved due to the presence of AUNP/TO-AHT. Meanwhile
AUNP/TiO2-RST revealed the lowest DEE, due to the
smaller acid active site and small pore surface area. This is in
accordance with the results of the surface morphology image
showing the presence of crystal agglomeration which inhibits
the absorption of acid in the pore. The addition of Au onto
TiO, will decrease gradually the reaction selectivity of
dehydration ethanol to DEE [14] [15]. However, it has been
reported that due to the reactivity of Au it can be used as a
homogenous catalyst [18][19]. The evidence has come up in
the result  of GCMS, 3-Methylpentene  and
methylcyclopentene  which are side products from
dehydration ethanol reaction. The reaction that occurs is
nucleophilic aliphatic substitution on saturated carbon where
the nucleophile is alkoxide ion or phenoxide ion, so that it
can produce alkene or cycloalkene compounds. In addition,
alkenes as by-products can be obtained from aliphatic
nucleophilic ~ substitution reactions, as well as 1,2
eliminations between substrates containing beta hydrogen
and alkoxide ions [20]. These results are in corresponding
with the research conducted by Nadeem et al. [15] that due to
the relationship between the desorption temperature and the
interfacial length of the Au particles in TiOx.

4. Conclusion

The synthesis of titania sulfate catalyst has been
successfully carried out through hydrothermal and
solvothermal processes. Hydrothermal and solvothermal
methods can prepare anatase and rutile crystalline phase TiO;
catalyst modification with impregnated AuNP. Both FT-IR
and XRD analysis study evidenced that there occurred tough
contact between AuNP and TiO,. The crystallinity and sizes
of samples altered on AuNP content, and the addition of
AUNP in TiO, particle might excellently overwhelm the
construction of rutile phase and the growing of the titanium
dioxide crystals on calcination. The AUNP/TO-AHT showed
better catalytic dehydration than that of pure AuNP/TO -
RHT. Meanwhile, AuUNP/TO-AST and AuNP/TO-RST
exhibited low catalytic dehydration of ethanol. Therefore, it
can be concluded that AuNP/TO-AHT prepared by
hydrothermal method is very promising as a catalyst for
catalytic ethanol dehydration.
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