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Abstract: The copper-modified Mg-Al catalyst (Cu/Mg-Al) was synthesized using the incipient wetness impregnation of copper 
onto the Mg-Al hydrotalcite derived from co-precipitation method. The effects of copper on the characteristics of catalyst were 
obtained using several characterization techniques. We found that only copper (I) oxide (CuO) species were obtained on the 
surface after calcination in air by X-ray Diffraction (XRD). However, the basicity of the base decreases slightly, while the density 
of the base increases due to the decrease in Brunauer-Emmett-Teller (BET) surface area. We carried out the catalytic activity of the 
Cu/Mg-Al catalyst in the continuous flow reactor through oxidative dehydrogenation of ethanol. We obtained that the copper 
enhances the catalytic activity in this reaction, and the ethanol conversion increases with increase in temperature, while the acet-
aldehyde selectivity decreases because of the decomposition of acetaldehyde to carbon dioxide. The highest acetaldehyde yield of 
41.8% was at 350 °C. Moreover, we studied the effects of the ethanol concentration by varying the ethanol feed concentrations 
(99.9%, 75%, and 50%). The ethanol conversion decreases with a decrease in the ethanol concentration due to the high adsorption 
of water molecules on the catalyst surface. Thus, the negative effect decreases at higher reaction temperature (350–400 °C). 
Furthermore, we investigated the effect of the reduction condition of catalyst by varying the reduction temperature (300 and 
400 °C). The reduction process affects the catalytic activity. The Cu/Mg-Al was comparatively stable for 10 h upon 
time-on-stream test. It is used as a promising catalyst in oxidative dehydrogenation of ethanol without any reduction step. 
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1  Introduction 
 

Recently, several emphases have been made on 
an alternative renewable energy due to the problems 
of using fossil-based resources. In particular, the 

production of bioenergy from agricultural waste has 
been of great interest, especially for vehicles. Bio-
ethanol is one of the alternative fuels obtained from 
biomass resources such as sugarcane, cassava, algae, 
and even agricultural waste (Papong and Malakul, 
2010; Dias et al., 2011; Kumar et al., 2013). In several 
industries such as the production of ethyl acetate and 
acetic acid, the acetaldehyde has been used exten-
sively (Mallat and Baiker, 2004; Shan et al., 2017). 
Moreover, bioethanol is used as a raw material for the 
acetaldehyde production through the oxidative dehy-
drogenation reaction over suitable catalysts (Gomez 
et al., 1997; Quaranta et al., 1997; Tu and Chen, 
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2001). However, research shows that the oxidative 
dehydrogenation reaction is preferred over non- 
oxidative dehydrogenation because it requires lower 
reaction temperature to prevent coking and metal 
sintering problems (Liu et al., 2017).  

Furthermore, a structure of hydrotalcite is  
brucite-like and contains Mg atoms substituted with 
Al atoms leading to give positive charge layer and 
anionic layer in the interlayer (Yang et al., 2002). We 
observe that the calcination of the hydrotalcite pro-
duces the basic mixed oxide through dehydroxyla-
tion. Moreover, the major property of this material is 
the basicity of the surface, which promotes the ab-
straction of protons from hydrocarbon in dehydro-
genation reaction (Sikander et al., 2017). In our pre-
vious study (Pinthong et al., 2019), we examined the 
mixed oxide obtained from the calcination of hy-
drotalcite using the oxidative dehydrogenation of 
ethanol; however, the catalytic result seems to be 
fairly low. Hence, to promote the catalytic activity, 
the modification of mixed oxide is crucial. Several 
studies show that the copper-containing catalysts is 
responsible for the high active catalysts in various 
reactions such as phenol alkylation (Velu and Swamy, 
1996a, 1996b), selective conversion of ethanol (Ho-
soglu et al., 2015), and oxidation of ketone (Kaneda et 
al., 1995). Furthermore, the modification of the acti-
vated carbon catalyst by loading copper on the surface 
shows a positive effect in the dehydrogenation of 
ethanol to acetaldehyde (Ob-eye et al., 2019). How-
ever, using a fermentation process, the production of 
bioethanol leads to the formation of water in the 
ethanol solution. Therefore, we need to clarify the 
effect of the ethanol concentrations. Hence, Wu et al. 
(2013) and Krutpijit and Jongsomjit (2017) carried an 
investigation on this effect on the catalytic activity. 

In this study, we investigated the effect of copper 
on the catalytic activity of Mg-Al oxide obtained from 
the hydrotalcite. To achieve this, we prepared the 
copper-modified catalyst (Cu/Mg-Al) characterized 
by the X-ray Diffraction (XRD), nitrogen adsorption, 
temperature-programmed desorption of carbon di-
oxide (CO2-TPD), and temperature-programmed 
reduction by hydrogen (H2-TPR) techniques. We 
investigated the catalytic behaviors using the oxida-
tive dehydrogenation of ethanol to acetaldehyde at 
specific conditions. Furthermore, we used ethanol 
with different concentrations to study the effect of 

water on the catalytic activity. Also, we examined the 
effect of reduction condition using pre-reducing cat-
alyst at different temperatures before the reaction. 

 
 

2  Experimental 

2.1  Materials and chemicals 

In this study, we synthesized the Mg-Al hy-
drotalcite from magnesium nitrate hexahydrate 
(Mg(NO3)2·6H2O), aluminum nitrate nonahydrate 
(Al(NO3)3·9H2O), sodium carbonate (Na2CO3), and 
sodium hydroxide (NaOH) purchased from Sigma- 
Aldrich. The metal precursor was copper (II) nitrate 
hemi(pentahydrate) (Cu(NO3)2·2.5H2O) purchased 
from Sigma-Aldrich. We used the absolute ethanol 
(99.9%) purchased from Merck as the reactant in the 
catalytic activity test. To obtain ethanol concentration 
of 75% and 50%, we prepared the diluted ethanol 
solution by mixing the absolute ethanol (99.9%) with 
deionized water.  

2.2  Catalyst preparation 

We synthesized the Mg-Al hydrotalcite sample 
using the co-precipitation method following the pre-
vious procedure (Pinthong et al., 2019). To produce 
Mg-Al mixed oxide (Mg-Al), the obtained Mg-Al 
hydrotalcite was calcined in air for 6 h at 450 °C. 
Furthermore, we used the incipient wetness impreg-
nation method to prepare the copper-modified hy-
drotalcite catalyst (Cu/Mg-Al). Then, we dropped the 
aqueous solution of copper (II) nitrate into the Mg-Al 
mixed oxide sample to obtain the final catalyst with 
5% (in weight) of Cu. Finally, it was dried at 110 °C 
overnight in the oven and calcined at 450 °C in air for 
6 h. 

2.3  Catalyst characterization 

We analyzed the crystalline structure of the cat-
alyst sample using a SIEMENS D 5000 XRD (Sie-
mens, Germany) with CuKα radiation source, λ= 
0.154 439 nm and Ni-filtered in the 2 range of 
10°–80°.  

The specific surface area, pore-volume, and pore 
size diameter of catalyst were measured using a Mi-
cromeritics ASAP 2000 automated system (Mi-
cromeritics Instrument Corp., USA). The dissolved 
gas was removed from the catalyst sample (0.1 g) at 
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200 °C for 4 h before the nitrogen physisorption 
process at −196 °C. The specific surface area of the 
catalyst was measured using the Brunauer-Emmett 
-Teller (BET) theory. We determined the pore volume 
and pore size diameter using the Barrett-Joiner- 
Halenda (BJH) method. 

To determine the basicity of catalyst, we used a 
CO2-TPD. The analysis was carried out using a 
Mircomeritics Chemisorb 2750 automated system 
(Micromeritics Instrument Corp., USA). The catalyst 
sample (50 mg) was preheated using the helium flow 
rate of 25 cm3/min for 1 h at 450 °C, and then it was 
cooled to 40 °C and saturated with carbon dioxide for 
30 min. The physisorbed carbon dioxide was removed 
using the helium flow rate of 25 cm3/min for 2 h be-
fore the temperature-programmed analysis. Moreo-
ver, we carried out the temperature-programmed de-
sorption from 40 to 450 °C under the helium flow rate 
of 25 cm3/min at the heating rate of 10 °C/min. 
Thereafter, we analyzed the carbon dioxide desorp-
tion signal using a thermal conductivity detector. We 
calibrated the amount of carbon dioxide by direct 
pulsing with 1 mL of 10% carbon dioxide in the he-
lium using a 6-port valve. Thus, we obtained the 
calibration factor by integrating the carbon dioxide 
pulse profile area and equating it to moles of the 
carbon dioxide. Hence, we determined the basicity of 
catalyst from the area under the peak in the CO2-TPD 
profile. 

We investigated the reduction behavior of the 
catalyst using a H2-TPR. The sample pretreatment 
process was carried out using a similar procedure of 
CO2-TPD analysis. Moreover, we carried out the 
analysis from 40 to 550 °C at the heating rate of 
10 °C/min under 10% of the hydrogen in argon. Then, 
we obtained a reduction profile from thermal con-
ductivity detector. 

The bulk copper content in the catalyst was 
measured using an Inductively Coupled Plasma- 
Optical Emission Spectroscopy (ICP-OES), Optima 
2100 DV (PerkinElmer Inc., USA). 

To determine the carbon deposition on the cat-
alyst surface, we analyzed the spent catalyst obtained 
from the stability test and fresh catalyst in the ther-
mogravimetric analyzer (STD Q600, TA Instruments, 
USA). The analysis was carried from 30 to 1000 °C 
under an oxidative atmosphere at a heating rate of 
10 °C/min. 

2.4  Reaction test 
 
We obtained the catalytic performance of the 

Cu/Mg-Al catalyst through oxidative dehydrogena-
tion of the ethanol using the previous procedure 
(Pinthong et al., 2019). To achieve this, we first 
packed the quartz wool (20 mg) and Cu/Mg-Al cata-
lyst (50 mg) in the glass tube reactor with inner di-
ameter of 7 mm and placed in the electric furnace. To 
remove moisture before the reaction test, we pre-
treated the catalyst under inert atmosphere (nitrogen) 
at 200 °C for 30 min. During the reduction effect, 
Cu/Mg-Al catalyst was reduced in the hydrogen at-
mosphere at 300 and 400 °C for 1 h before the reac-
tion. The ethanol with different concentrations 
(99.9%, 75%, and 50%) was supplied to the vaporizer 
using the syringe pump at the flow rate of 1.45 cm3/h 
and vaporized at 150 °C. The ethanol vapor was 
mixed with air and nitrogen gas at the flow rate of 
60 cm3/min (the ethanol/oxygen/nitrogen ratio is 
7.7%/22.2%/70% by volume) with a weight hourly 
space velocity of 22.9 h−1. Furthermore, we carried 
out the oxidative dehydrogenation of ethanol from 
200 to 400 °C. The reaction was kept for 30 min to 
reach a steady-state for each temperature. Conse-
quently, the effluent gas was analyzed using a gas 
chromatograph. Moreover, the hydrocarbon products 
were measured using a flame ionization detector, 
whereas COx was analyzed using a thermal conduc-
tivity detector. Hence, we calculated the ethanol 
conversion (Xethanol), product selectivity (Si), and yield 
(Yi) using the following equations: 
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where nethanol(in) is the number of moles of ethanol in 
feed, nethanol(out) is the number of moles of unreacted 
ethanol, and ni is the number of moles of each  
product. 
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3  Results and discussion 

3.1  Characterization 

In this study, we characterized the copper- 
modified Mg-Al catalyst (Cu/Mg-Al) using the XRD, 
nitrogen adsorption, CO2-TPD, and H2-TPR tech-
niques and they were compared with Mg-Al mixed 
oxide catalyst obtained from our previous study 
(Pinthong et al., 2019). 

The XRD results of Cu/Mg-Al catalyst (Fig. 1) 
show the characteristic peaks at 243° and 63°. It is 
assigned to MgO periclase (Aramendía et al., 1999; 
Ramasamy et al., 2016) and peaks at 235.5° and 
38.8° showing the presence of the crystalline CuO on 
the catalyst surface (Li et al., 2011). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Here, we measured the surface area, pore- 
volume, and pore size diameter of the catalyst using 
the nitrogen physisorption and the results are shown 
in Table 1. The specific surface area and pore volume 
of the Cu/Mg-Al decrease while the pore size diam-
eter increases for the Mg-Al catalyst. Thus, the result 
shows the blockage of the smaller pores using CuO 
particles on the Mg-Al catalyst surface. Furthermore, 
it can be confirmed by the slight broadening of the 
pore size distribution curve of Cu/Mg-Al compared 
with Mg-Al catalyst (Fig. 2). Fig. 2 shows the ni-
trogen adsorption-desorption isotherm and pore size 
distribution. However, we observed the type IV iso-
therm with hysteresis loops in both catalysts as 
shown in most mesoporous materials. Also, the ob-
tained pore size distribution shows that the pore sizes 
were in the range of 2–50 nm assigned to mesoporous 

materials (Leofanti et al., 1998). The result agrees 
with the adsorption-desorption isotherm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
To determine the basicity of the catalyst, we 

carried out the temperature-programmed desorption 
of the carbon dioxide, which involved the catalytic 
performance of the dehydrogenation and oxidative 
dehydrogenation of ethanol (Dai et al., 2004; Nair et 
al., 2011; Blokhina et al., 2012). Fig. 3 shows the 
CO2-TPD profiles while the values of their basicity 
are shown in Table 1. The total basicity of Cu/Mg-Al 
catalyst (251.8 μmol CO2/g) was slightly lower than 
that of the Mg-Al (253.5 μmol CO2/g). Consequent-
ly, we obtained that the presence of copper in the 
Mg-Al mixed oxide resulted in a slight decrease in 
the amount of the basic site on the catalyst surface. 
Dixit et al. (2013) and Quesada et al. (2018)  
also noticed this behavior. However, the base density 
of the Cu/Mg-Al (5.36 μmol CO2/m

2) was remarka-
bly higher than that of the Mg-Al catalyst  

Table 1  Characterization results of the catalysts 

Parameter 
Value 

Mg-Al* Cu/Mg-Al

Copper loading (%, in weight) – 4.25** 

Surface area (m2/g) 168 47 

Pore volume (cm3/g) 0.60 0.29 

Pore size diameter (nm) 12 21 

Basicity (μmol CO2/g) 253.5 251.8 

Base density (μmol CO2/m
2) 1.51 5.36 

* Values of Mg-Al catalyst are obtained from the previous work 
(Pinthong et al., 2019); ** Obtained from an ICP-OES 

Fig. 2  Nitrogen adsorption-desorption isotherms and 
pore size distributions of catalysts 
* Values are obtained from the previous work (Pinthong et 
al., 2019) 

2-Theta (degree)

10 20 30 40 50 60 70 80

MgO
CuO

Cu/Mg-Al

Mg-Al

Mg-Al*

Fig. 1  XRD patterns of catalysts 
* Values are obtained from previous work (Pinthong et al., 
2019) 

2 (°) 
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(1.51 μmol CO2/m
2). This is because the surface area 

of the Cu/Mg-Al is lower than that of the Mg-Al. 
H2-TPR was used to determine the reducibility 

of the Cu/Mg-Al catalyst. In Fig. 4, the H2-TPR 
profile shows that the reducibility of the surface 
copper species occurs in two steps at the maximum 
temperature (Tmax) of about 205 °C and 370 °C cor-
responding to the reduction of CuO to Cu2O and 
Cu2O to Cu0, respectively (Nagaraja et al., 2007). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.2  Reaction test 

3.2.1  Effect of copper on the catalytic activity 

We investigated the catalytic activity of the 
Cu/Mg-Al using the oxidative dehydrogenation of 
ethanol and compared with the performance of the 
Mg-Al mixed oxide from our previous work 
(Pinthong et al., 2019). Using the Cu/Mg-Al catalyst, 
we observed high ethanol conversion in all reaction 
temperatures. Fig. 5 shows that the ethanol conver-
sion of Cu/Mg-Al extremely increases at 300 °C 
(75.6%) and slightly increases at the temperature 

range of 300 to 400 °C. However, at 400 °C, the 
maximum ethanol conversion of the Cu/Mg-Al cat-
alyst is 93.0% while that of the Mg-Al catalyst is 
65.3%. In contrast, the acetaldehyde selectivity of 
Cu/Mg-Al catalyst decreases significantly at 300 °C 
due to the decomposition of acetaldehyde to carbon 
dioxide (Fig. 6).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
Moreover, we compared the acetaldehyde se-

lectivity of both catalysts at the same ethanol con-
version of 50%. Consequently, we obtained that the 
acetaldehyde selectivity of the Cu/Mg-Al catalyst 
was about 64% at 280 °C. The acetaldehyde selec-
tivity of the Mg-Al catalyst was about 54% at 360 °C, 
which was lower than that of Cu/Mg-Al catalyst. 
Several research shows that the enhancement of the 

C
O

2
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tio
n 
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.u

.)

Fig. 3  CO2-TPD profiles of catalysts 
* Values are obtained from the previous work (Pinthong et 
al., 2019) 

Temperature (°C)
100 200 300 400 500

Cu/Mg-Al

Fig. 4  H2-TPR profile of Cu/Mg-Al catalyst 

Fig. 5  Ethanol conversion of the Cu/Mg-Al catalyst un-
der different ethanol concentrations 
* Values of Mg-Al catalyst are obtained from the previous 
work (Pinthong et al., 2019) 

Fig. 6  Acetaldehyde selectivity of Cu/Mg-Al catalyst 
under different ethanol concentrations 
* Values of Mg-Al catalyst are obtained from the previous 
work (Pinthong et al., 2019) 
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catalytic activity of the Cu/Mg-Al catalyst is at-
tributed to the copper oxide species on the surface 
and the base density affects the catalytic performance 
on the dehydrogenation of ethanol (Janlamool and 
Jongsomjit, 2017; Quesada et al., 2018). 

Fig. 7 shows the proposed mechanism in the 
presence of the Cu. The reaction starts with the ad-
sorption of the ethanol molecule on the acid/base site 
of the Mg-Al oxide surface (Idriss and Seebauer, 
2000; Andrushkevich et al., 2017). According to 
research, the ethoxide species are formed through the 
dissociation of O-H bond of ethanol (Constantino 
and Pinnavaia, 1995; di Cosimo et al., 1998). The 
α-hydrogen is abstracted by CuO to form the acet-
aldehyde and Cu-O-H group. We observed the de-
sorption of the acetaldehyde molecule, and the O-H 
group from the Cu surface combines with the H atom 
from O-H group on the Mg-Al surface to produce 
water resulting in the Cu0 formation on the surface. 
The Cu0 is consecutively oxidized to CuO by oxygen 
in the feed (Nair et al., 2011). 

3.2.2  Effect of ethanol concentration on catalytic 
activity 

In this study, we used different ethanol concen-
trations as reactants (99.9%, 75%, and 50% by 
weight in water) in the oxidative dehydrogenation 
reaction. Fig. 5 shows that at 300 °C, there is a dif-
ference in the absolute ethanol conversion and  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

diluted ethanol conversion. The conversion of the 
diluted ethanol (75% and 50%) of about 12% was 
observed. However, this study shows that the pres-
ence of water negatively affects the ethanol conver-
sion of the Cu/Mg-Al catalyst. Moreover, Golay et al. 
(1999) found that there is a high adsorption of water 
molecules on the active site. At high-temperature 
range (350–400 °C), the ethanol conversion de-
creases slightly with the decrease in ethanol concen-
tration. The water content slightly affects the cata-
lytic activity at a high reaction temperature range 
(Chen et al., 2007). Thus, the Cu/Mg-Al catalyst 
decreases with increase in reaction temperature. This 
is due to the water adsorption ability of Cu/Mg-Al 
catalyst.  

Besides, the acetaldehyde selectivity also de-
creases with an increase in reaction temperature at all 
conditions (Fig. 6). This is because of the formation 
of the byproduct such as carbon dioxide, ethylene, 
diethyl ether, acetic acid, ethyl acetate, 1,3-butadiene, 
and 1-butanol. However, the Cu/Mg-Al catalyst 
shows the highest acetaldehyde of 41.8% at 350 °C 
(Fig. 8). The formation of the carbon dioxide in-
creases with increase in reaction temperature (Fig. 9) 
due to the complete oxidation of ethanol. This result 
was evident because of the high ethanol conversion 
of Cu/Mg-Al. In contrast, the ethylene selectivity 
increases with the presence of high content of water 
(low concentration of ethanol) in the feed (Fig. 10). 

  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 7  Proposed mechanism for the oxidative dehydrogenation of ethanol over Cu/Mg-Al catalyst 
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The increase in the water content of the feed 
suppresses the catalytic reaction due to the decrease 
in ethanol conversion (Fig. 5), as a result of the 
competitive adsorption of water and ethanol on the 
catalyst surface. Besides, the ethylene selectivity 
(Fig. 10) increases with the increase of water content 
in ethanol. This is because the water molecule in the 
feed reacts with the support (Mg-Al) surface to the 
form Bronsted acid site, which is very crucial for the 
ethylene production from ethanol (Golay et al., 1999; 
Chen et al., 2007). However, the effect of the water 
content is weak at higher reaction temperature. The 
carbon dioxide as a byproduct was obtained using 
Mg-Al at high-temperature range (350–400 °C).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.2.3  Effect of reduction temperature on catalytic 
activity 

 
From the proposed mechanism in Fig. 7, the 

Cu/Mg-Al catalyst is used in the oxidative dehy-
drogenation of ethanol without reduction step. 
However, it is reduced by the hydrogen atom from 
ethanol through the dehydrogenation reaction 
(Campisano et al., 2018) and re-oxidized to CuO by 
oxygen in the feed. To support this hypothesis and 
the results, the effect of the temperature reduction 
was also investigated (Fig. 11). Finally, we obtained 
that the ethanol conversion was slightly different 
with the high-temperature range (350–400 °C). The 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 10  Ethylene selectivity of the Cu/Mg-Al catalyst 
under different ethanol concentrations 
* Values of Mg-Al catalyst are obtained from the previous 
work (Pinthong et al., 2019) 
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Fig. 8  Acetaldehyde yield of the Cu/Mg-Al catalyst un-
der different ethanol concentrations 
* Values of Mg-Al catalyst are obtained from the previous 
work (Pinthong et al., 2019) 

Fig. 9  Carbon dioxide selectivity of the Cu/Mg-Al cata-
lyst under different ethanol concentrations 
* Values of Mg-Al catalyst are obtained from the previous 
work (Pinthong et al., 2019) 
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Fig. 11  Ethanol conversion of the Cu/Mg-Al catalyst 
under different reduction conditions 
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non-reduced Cu/Mg-Al catalyst exhibits higher eth-
anol conversion (5%–10% higher) than the reduced 
catalysts.  

A similar trend was observed in the acetalde-
hyde selectivity (Fig. 12) and there was a slight dif-
ference in the results. The formation of carbon di-
oxide at high temperatures led to a decrease in acet-
aldehyde selectivity. Fig. 13 shows the calculation of 
the acetaldehyde yield of catalysts, indicating that the 
acetaldehyde yields of reduced catalyst insignifi-
cantly differed from non-reduced catalyst. This con-
firms that the reduction step of the Cu/Mg-Al catalyst 
is not necessary in the oxidative dehydrogenation 
reaction of ethanol. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The stability of the Cu/Mg-Al catalyst was in-

vestigated with time-on-stream (TOS) for 10 h. The 
non-reduced Cu/Mg-Al catalyst was tested in the 
oxidative dehydrogenation reaction of ethanol 

(99.9%) at 350 °C. Here, we obtained the highest 
acetaldehyde yield. Fig. 14 presents the constant 
ethanol conversion, showing that the Cu/Mg-Al cat-
alyst was comparatively stable for 10 h. Moreover, to 
measure the carbon deposition on the spent catalyst 
from TOS, the thermogravimetric analysis was  
performed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 15 shows the result of the weight loss as a 
function of temperature. The first region of the 
weight loss at 200 °C is referred to as the removal of 
water. Research shows that the weight loss in the 
temperature range of 200 to 400 °C is attributed to 
the dehydroxylation and decarbonation of hy-
drotalcite structure (Yang et al., 2002; Campisano et 
al., 2018). We calculated the carbon deposition or 
coke formation on the Cu/Mg-Al catalyst surface in 
the temperature range of 400 to 800 °C. This is called 
the de-coking process period (Ahmed et al., 2011). 
Hence, we obtained that the weight losses of the fresh 
and spent catalysts in this region were insignificantly 
different, showing less amount of carbon deposition. 
The amount of carbon deposition on the spent cata-
lyst was about 2.50%.  

Furthermore, we compared the catalytic per-
formance of the Cu/Mg-Al catalyst with other stud-
ies. Table 2 shows the acetaldehyde yields of various 
catalysts. Although the acetaldehyde yield over the 
Cu/Mg-Al catalyst is not relatively high compared to 
some catalysts. From our observation, we deduce that 
the Cu/Mg-Al catalyst is a promising catalyst in  
the oxidative dehydrogenation of ethanol to acetal-
dehyde. Hence, we can simply synthesize the 

Time on stream (h)

0 1 2 3 4 5 6 7 8 9 10
0

20

40
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80
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Fig. 14  Stability test for the Cu/Mg-Al catalyst (without 
reduction) under the oxidative dehydrogenation of ab-
solute ethanol (99.9%) at 350 °C 

Fig. 12  Acetaldehyde selectivity of the Cu/Mg-Al catalyst 
under different reduction conditions 

Fig. 13  Acetaldehyde yield of the Cu/Mg-Al catalyst 
under different reduction conditions 
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Cu/Mg-Al catalyst by co-precipitation without using 
severe conditions (e.g. high pressure and tempera-
ture) and followed by impregnation. It can be used 
without any noble metal loading and does not require 
reduction step before the reaction. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

4  Conclusions 
 

In this study, we investigated the effect of the 
presence of copper on the performance of the catalyst 
derived from the Mg-Al hydrotalcite. We prepared 
the Mg-Al hydrotalcite by co-precipitation followed 
by calcination, to obtain the mixed oxide. We also 
prepared the Cu/Mg-Al catalyst by the incipient 
wetness impregnation of the Mg-Al mixed oxide. 
From the characterization, we observed that only 
CuO was present on the surface and the basicity 
decreases slightly. The activity of the modified cat-
alyst increases remarkably, especially at 300400 °C. 
The maximum acetaldehyde yield was 41.8% at 

350 °C. Furthermore, the influence of the water 
content was elucidated by changing the ethanol 
concentrations in water. The result shows that the 
water content greatly affects the catalytic perfor-
mance of the Cu/Mg-Al at 300 °C. We obtained that 
the ethanol conversion decreases about 6-fold due to 
the competitive adsorption of the water molecule. 
However, the negative effect decreases with high 
reaction temperature (350400 °C). The effect of the 
reduction condition was examined by the pre- 
reducing catalyst at 300 and 400 °C. Thus, we ob-
tained that the reduction step showed an insignificant 
effect on the catalytic activity of the Cu/Mg-Al. In 
the TOS study, the catalyst was comparatively stable 
for 10 h upon TOS test at 350 °C. Hence, we con-
clude that the Cu/Mg-Al catalyst can be used as a 
promising catalyst in the oxidative dehydrogenation 
of ethanol to acetaldehyde without any reduction 
step. Moreover, it can be used effectively in this 
reaction for the diluted ethanol at a temperature range 
of 350–400 °C. 
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中文概要  
 
题 目：Cu/Mg-Al 水滑石催化剂用于乙醇的氧化脱氢：

乙醇浓度和还原条件的影响 

目 的：对现有的乙醇氧化脱氢体系中 Mg-Al 催化剂进行

改进，以期获得更高的收率和产物选择性。 

创新点：1. 制备 Cu 改性的 Mg-Al 催化剂用于乙醇氧化脱

氢反应，获得了更高的乙醛收率和选择性； 

2. Cu/Mg-Al 催化剂制备方法简单，制备价格低廉

（无需贵金属），制备条件温和（无需高温高压）；

3. Cu/Mg-Al 催化剂在使用前无需预还原。 

方 法：1. 采用共沉淀法和浸渍法制备 Cu/Mg-Al 催化剂；

2. 通过乙醇氧化脱氢反应对催化剂进行考评，以

探究 Cu 改性、乙醇浓度和催化剂的还原条件对

催化活性的影响。 

结 论：1. 与 Mg-Al 催化剂相比，经由 Cu 改性的 Mg-Al

催化剂的乙醇氧化脱氢活性显著提高；在 350 °C，

乙醛最大收率为 41.8%。2. 进料气中水的存在（乙

醇浓度下降）会对 Cu/Mg-Al 的催化性能产生不

利影响，使得乙醇转化率和乙醛收率下降；但在

高温区间（350~400 °C），这个不利影响有所减弱。

3. 反应前，催化剂在氢气气氛下的还原步骤对

Cu/Mg-Al 催化活性的影响不明显。 

关键词：氧化脱氢；乙醇；铜；Mg-Al 水滑石；乙醛；催

化剂 
 
 


