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Ethanol Decomposition in Supercritical Water: An
Operating Parametric Experimental and Kinetic Study
Liang Zhao,a,* Yuhang Yang,a Hongfang Zhou,a Zhengle Que,a and Yadi Pan a,b
Ethanol is an intermediate of the supercritical water decomposition of
lignocellulosic biomass or biomass-derived compounds. In this study,
experiments on ethanol decomposition in supercritical water were
performed at different reaction temperatures (500 °C to 600 °C), residence
times (6 s to 12 s), and initial ethanol concentrations (0.05 mol·L-1 to 0.20
mol·L-1). Temperature had larger impacts on the ethanol conversion than
the other factors. Higher temperatures and feedstock concentrations
facilitated gas production. In addition, the higher temperature promoted
the scissions of C-C and C-O bonds of ethanol. However, longer residence
times did not improve the yields of H2, CO, and C2. Because the H2-to-CO2
ratio was much greater than 1, the water-gas shift reaction was not the
dominant route during the ethanol conversion process. Further, the
mechanism and kinetic model of ethanol supercritical water decomposition
were proposed. The kinetics revealed that ethanol gasification in
supercritical water was mainly dominated by ethanol dehydrogenation, the
hydrogenation of intermediates, and the coke formations of CO and CH4.
In addition, H2 was mainly formed via ethanol dehydrogenation and
consumed via the hydrogenation of intermediates. The rate of coke
formation was relatively low during ethanol decomposition.
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INTRODUCTION
During biomass gasification in supercritical water, many intermediates are
produced, including carbohydrates, phenols, furfurals, acids, alcohols, and aldehydes.
Based on the characterization analysis using the gas chromatography-mass spectrometer
(GC-MS) and the Fourier transform-infrared (FT-IR) spectrometer, Durak (2015; 2018)
and Genel et al. (2016) confirmed that the above-mentioned organics were detected in the
liquid products of the biomass thermochemical conversion. Studies on the typical
decomposition of intermediates are among the most effective technical routes for
determining the biomass conversion mechanisms in supercritical water. Alcohols
(methanol (Reddy et al. 2016), ethanol (Abdullah and Croiset 2014), 1-propanol
(Chakinala et al. 2013), and glycerol (Reddy et al. 2016)) were detected during the
degradation of lignocellulosic biomass or biomass-derived compounds in supercritical
water. Small molecule intermediates, such as methanol and ethanol, are important
intermediate compounds that can easily become converted into gas products under the
appropriate reaction conditions (Chakinala et al. 2013). In addition, compared to the
gasification of aldehydes (formaldehyde and acetaldehyde) and acids (formic acid and
acetic acid) in supercritical water, the gasification efficiencies of methanol and ethanol are
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usually lower (Chakinala et al. 2013; Zhao 2013). Therefore, it is necessary to further
investigate the decomposition of small-molecule alcohols to achieve higher gasification
efficiency for biomass gasification in supercritical water.
Castello et al. (2015) examined the reaction mechanism of glucose decomposition
at 400 °C and reported that methanol can be produced via decarbonylation of
glycoladehyde, self-disproportionation of formaldehyde, cross-disproportionation, and
glycolic acid conversion. Methanol is the simplest alcohol with a relatively low reactivity,
even at 600 °C and 25 MPa (gasification efficiency < 2 wt%) (Zhao 2013). The radical
propagation reaction mechanism (Castello and Fiori 2012) is usually used to explain
methanol decomposition in supercritical water. Chakinala et al. (2013) found that formic
acid and formaldehyde are the key intermediates of methanol decomposition, and the
formations of formic acid and formaldehyde are the controlling steps during the methanol
gasification process in supercritical water. Further, some detailed kinetic models of
methanol gasification in supercritical water have been well studied to reveal the
degradation mechanism (Castello and Fiori 2012).
Ethanol fermentation from biomass is regarded as the main ethanol production
technology of biomass conversion (Mesa et al. 2020). In supercritical water, the main
purpose of feedstock gasification is hydrogen production (Kruse et al. 2010). Ethanol, as
the feedstock in supercritical water, is more commonly derived from the residue of ethanol
refineries (Sato et al. 2013). Arita et al. (2003) reported that acetaldehyde was obviously
formed by ethanol dehydrogenation (Eq. 1), and ethylene coupled ethane were detected in
the gas products (Eqs. 2 and 3). In addition, Chakinala et al. (2013) and Therdthianwong
et al. (2011) deduced that some other trace compounds, such as acetone, 2-propanol,
formaldehyde, and methanol, should exist in the liquid products of ethanol decomposition.
At 380 °C to 516 °C and 31.5 MPa Hack et al. (2005) found that the Arrhenius-activation
energy of ethanol decomposition is lower than that of methanol decomposition. This
indicates that ethanol should be easier to gasify than methanol in supercritical water.
Therdthianwong et al. (2011) also confirmed that the gasification efficiency of ethanol was
approximately 18.3 wt% at 500 °C, 25 MPa, and 50 s residence time, which was higher
than that of methanol (under 2 wt% (Zhao 2013)). Equations 1 through 3 are as follows:
CH3CH2OH→CH3CHO+H2

(1)

CH3CH2OH→C2H4+H2O

(2)

C2H4+H2↔C2H6

(3)

Ethanol is an intermediate during lignocellulosic biomass decomposition in
supercritical water and a reasonable resource for syngas production (Pinkard et al. 2019).
Compared to methanol decomposition in supercritical water, the gasification mechanism
of ethanol degradation process is more complex, and past reports on ethanol gasification
were not thorough enough to clarify and control the supercritical water gasification of
ethanol. The modeling of the kinetics at high pressures plays an important role in chemical
process and has attracted research attention (Sangwan et al. 2015; Yan and Krasnoperov
2019). However, only a few studies were conducted at pressures high enough for more
reliable determination of the kinetic parameters. In this study, several experiments and
kinetic analyses on ethanol decomposition in supercritical water were conducted at
different temperatures (500 °C to 600 °C), residence times (6 s to 12 s), and initial ethanol
concentrations (0.05 mol·L-1 to 0.20 mol·L-1). Ethanol has not been well investigated as a
potential hydrogen-production source. In this article, the studies on the effects of operating
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parameters are conductive to better understand the ethanol conversion process in
supercritical water. In addition, the present study of kinetics can be helpful to
comprehensively reveal the thermochemical conversion mechanism of the ethanol
decomposition. The experimental and kinetic study of the ethanol decomposition can also
provide the research basis for further determining the raw biomass conversion mechanism
in supercritical water.

EXPERIMENTAL
Reagents
In this study, ethanol (≥ 99.7 wt%) was purchased from Sinopharm Chemical
Reagent Corporation (Shanghai, China). The distilled water was supplied by Nanjing
Dongxinan Pure Water Corporation (Nanjing, China).
Apparatus and Procedures
The experiments were performed in a continuous reaction system (Fig. 1). The
feedstock was pumped into the 2520 stainless steel coil reactor (Φ3 × 1 mm with a length
of 13.35 m) by a high-performance liquid chromatography (HPLC) pump (FL2200; Fuli
Instruments, Wenling, China). The coil reactor was heated by a tube electric furnace (7kW,
VTL-1200; Yachi Instruments, Nanjing, China). After the reaction, the products of
gasification were filtered through the two-stage filters (50 μm (first) and 5 μm (second),
Swagelok, Shanghai, China). Then, via the back pressure valve (K956; Xiongchuan
Technology, Beijing, China), the products of gasification were reduced to normal pressure.
Finally, the gas and liquid products were separated by the gas-liquid separator (S4486;
Aladdin Company, Shanghai, China). The gas products were collected with an aluminum
foil air bag. Because the main purpose was to obtain hydrogen production by ethanol
decomposition, these experiments mainly analyzed the gas products, which were analyzed
via gas chromatography (GC) (Model 9790 Plus; Fuli Instruments, Wenling, China).
Detailed analyses of liquid products were carried out later in the study. Based on the results
of the experiments in this article, the fitting of dynamic equations was solved by Micromath
Scientist (Micromath Company, version 3.0.0.215, Saint Louis, MO, USA).
Back
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Gas
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Feed
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Gas-liquid
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Fig. 1. A continuous reaction system
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Due to the gasification efficiency of ethanol and the design parameters of this
reactor (temperatures up to 600 ℃ and pressures of up to 30 MPa), the reaction temperature
and pressure in this article were set at 500 °C to 600 °C and 23 MPa.
Data Interpretation
To analyze the ethanol gasification conversion in the experiments, the GE
(gasification efficiency, wt%) and yi (yields of each gas product, mol·kg-1) were determined
by Eq. 4 and Eq. 5, respectively,
xi  0.01  V  M i 



1000  22.4
GE =  i
  100%
44.05  c0  F




1000


yi =

xi  0.01  V  1000
22.4  44.05  c0  F

(4)

(5)

where, xi is the volume content of each gas product (vol%), Mi is the molar mass of each
gas product (g·mol-1), V is the yield of gas products (mL·min-1), c0 is the initial
acetaldehyde concentration in the feedstock (mol·L-1), and F is the mass flow rate of the
feedstock (g·min-1).

RESULTS AND DISCUSSION
The GC analysis of gas products showed that there were large amounts of H2, CO,
CO2, CH4, C2H6, and C2H4 and a small quantity of C3H6 (propene) in the gas products of
ethanol decomposition in supercritical water at 500 °C to 600 °C. The starting compound
ethanol was not detected in the gas products by the GC analysis. The yields of C2-C3 (C2H6,
C2H4, and C3H6) during ethanol decomposition were higher than those of methanol (Boukis
et al. 2006). As the components of C2-C3 were formed by the scission of the C-O bond
(Chakinala et al. 2013), this indicates that the C-O bond was easier to break during ethanol
decomposition than during methanol decomposition.
Temperature
According to Lee et al. (2002) (glucose, 480 °C to 750 °C), Zhao et al. (2020)
(acetaldehyde, 500 °C to 600 °C), and Guo et al. (2012) (glycerol, 445 °C to 600 °C),
reaction temperature is a key parametric factor in the decomposition of organic compounds
in supercritical water. Therdthianwong et al. (2011) preliminarily performed ethanol
decomposition at 500 °C to 600 °C and the relatively long residence time of approximately
50 s, and their results showed that the yields of C2-C3 were so low that they can be ignored.
However, the pretest experiments in this study with short residence times of 6 s to 12 s
found that the C2-C3 yields were considerable. Therefore, it is important to reveal the
conversion mechanism of the decomposition of intermediates at shorter residence times
(such as glucose at 425 °C to 600 °C with a residence time of 5.1 s to 9.9 s) (Holgate et al.
1995)). In this section, the reaction temperature was set at 500 °C to 600 °C, and the
residence time was 12 s.

Zhao et al. (2020). “Ethanol in supercritical water,” BioResources 15(4), 8515-8528.

8518

bioresources.com

PEER-REVIEWED ARTICLE

The yields and GE at different reaction temperatures are shown in Fig. 2. As shown
in the figure, when temperatures increased from 500 °C to 600 °C, the gas product yields
were dramatically increased, especially from 550°C to 600 °C. The reason is that the gas
production of ethanol decomposition in supercritical water was dominated by free-radical
reactions (Chakinala et al. 2013). Watanabe et al. (2004) reported that high reaction
temperature (> 550 °C) favors free-radical reactions. Thus, from 550 °C to 600 °C, the GE
value noticeably increased. Figure 2 shows that H2 was the main component in the gas
products. The H2 yield at 600 °C was approximately 10 times as much as that at 550 °C.
The H2 production was likely promoted by the higher temperature via ethanol
dehydrogenation (Eq. 1), reforming of long-living intermediates (acetaldehyde, methanol,
etc.), and a water-gas shift reaction (Therdthianwong et al. 2011). In contrast to methanol,
the C-C bond cleavage of ethanol is the characteristic reaction pathway that is favorable at
high reaction temperatures (Kruse and Gawlik 2003). Therefore, increased reaction
temperatures enhanced the yields of C1 gas products (CO, CO2, and CH4) (Fig. 2a). The
yields of C2 gas products (C2H4 and C2H6) obviously increased as reaction temperature
increased (Fig. 2b), which indicated that the higher reaction temperature facilitated the CO bond scission. Because C2H4 was the precursor of C3H6 (as shown in Eq. 3) (Arita et al.
2003), the C3H6 yield in Fig. 2b indicated that the effect of reaction temperature (500 °C
to 600 °C) on C3H6 production was relatively limited.
Therefore, higher reaction temperature was beneficial to ethanol gasification in
supercritical water. To achieve high gas yields and gasification efficiency, the reaction
temperature of ethanol decomposition should be above 550 °C.
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Fig. 2. Gas product yield and GE at different reaction temperatures (reaction pressure: 23 MPa,
residence time: 12 s, and [C2H5OH]0: 0.1 mol/L): (a) H2, CH4, CO, and CO2; (b) C2H4, C2H6, C3H6,
and GE

Residence Time
Based on the results in the previous section and the maximum service temperature
of the reactor, the reaction temperature in this section was kept at 550 °C. The residence
time range largely depends on the performance of the HPLC pump (flow rate range: 0.000
mL·min-1 to 9.999 mL·min-1, relative standard deviation < 0.5%). In theory, the lower the
flow rate of the HPLC pump is, the longer residence time will be realized. However, the
experiments showed that it was difficult for the HPLC pump to continue working with the
very low flow rate (approximately less than 3 mL·min-1) and high pressure (above critical
pressure of water). Therdthianwong et al. (2011) reported that ethanol conversion can reach
97.3 wt% at 550 °C with approximately 50 s. Further, due to the effective residence time
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range of glucose decomposition (6.1 s to 12.9 s), the residence time range of 6 s to 12 s
was selected
Figure 3 indicates that the GE values and the yields of H2, CO, and C2 obviously
decreased as residence time increased from 6 s to 12 s at 550 °C.

0.9

7.5

0.6
6.0

C2H4
C2H6

0.6

10

C3H6
GE

9
8

0.4

7

0.2

0.3

GE (wt%)

CO2

0.8

yi (mol/kg)

b

9.0

CO

H2
CH4

1.2

yH2 (mol/kg)

yCH4/CO/CO2 (mol/kg)

a

6
4.5

0.0
6

8

10

Residence time (s)

12

0.0
6

8

10

12

Residence time (s)

Fig. 3. Gas product yield and GE at different residence times (reaction temperature: 550 °C,
reaction pressure: 23 MPa, and [C2H5OH]0: 0.1 mol/L): (a) H2, CH4, CO, and CO2; (b) C2H4, C2H6,
C3H6, and GE

The water-gas shift reaction (Eq. 6) is an important reaction route in supercritical
water. When the forward reaction occurs, which is favored from 6 s to 12 s, CO will
continue being consumed. In addition, several studies have reported that CO (Eq. 7 and Eq.
8), C2 (Eq. 9), CH4 (Eq. 10), and CO2 (Eq. 11) can be reduced by the coke production
resulting from cracking reactions (Therdthianwong et al. 2011; Reddy et al. 2014). As
residence time increased (Fig. 3a), the CO2 yield obviously increased, which indicates that
CO2 methanation (Miao et al. 2016) was not the dominant route under these reaction
conditions. Moreover, from 6 s to 12 s, H2 may be reduced by a hydrogenation reaction
(such as Eq. 12 (Castello and Fiori 2012)). Equations 6 through 10 are as follows:
CO+H2O↔CO2+H2

(6)

CO→C+0.5O2

(7)

2CO→C+CO2

(8)

C2H4→2C+2H2

(9)

CH4→C+2H2

(10)

CO2+2H2→C+2H2O

(11)

CHO·+H2→CH2OH·

(12)

According to previously postulated reaction pathways (Therdthianwong et al. 2011;
Chakinala et al. 2013), it can be inferred that C3H6 was produced by 2-propanol
dehydration (Eq. 13), the C=O cleavage of acetone (Eq. 14), and C2H4 hydrogenation (Eq.
3). Figure 3(b) shows that at 6 s to 12 s, the C3H6 yield kept at quite low value. Thus, the
reaction rates of Eq. 3, Eq. 13, and Eq. 14 were relatively small.
(CH3)2CHOH→C3H6+H2O

(13)

CH3COCH3→C3H6+O·

(14)
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Maximum hydrogen yield via supercritical water gasification commonly requires
sufficient residence time for the complete conversion of long-living intermediates (even up
to 120 min (Okolie et al. 2019)). Because many intermediates have been considered as
short-living components during the feedstock decomposition process (Kruse et al. 2010),
the experiments of this study were conducted with 6 s to 12 s residence times to better
reveal the conversion mechanism of the organic compounds.
Feedstock Concentration
Feedstock concentration is an important operational parameter for biomass
gasification in supercritical water (Pinkard et al. 2018). In industrial applications, higher
feedstock concentration is beneficial to production efficiency. With higher feedstock
concentrations, more hydrogen is provided (in theory), which is good for hydrogen
production. In addition, higher feedstock concentration means a decrease in water content.
The water-gas shift reaction (Eq. 6) plays an important role in the hydrogen production
process (LeValley et al. 2014). High feedstock concentration may result in reduced
hydrogen production (Okolie et al. 2019). Figure 4 shows that the initial ethanol
concentration was set at 0.05 to 0.20 mol·L-1 (less than 1 wt% by mass concentration).
Figure 4 shows that the gas product yields clearly increased with higher feedstock
concentrations, except for C3H6. According to the water-gas shift forward reaction
(CO+H2O→CO2+H2), the H2-to-CO2 ratio should be 1. However, in Fig. 4a, the yield of
H2 was far beyond that of the other gas products, especially at the higher feedstock
concentration. This was because ethanol dehydrogenation (Eq. 1) was the initial pathway
for ethanol decomposition, and a large amount of acetaldehyde was detected during ethanol
decomposition process by Abdullah and Croiset (2014). Resende and Savage (2010) also
reported that a residence time of 12 s was far from the equilibrium of the water-gas shift
reaction. Thus, the H2 yield was greater than the CO2 yield (Fig. 4a), and the H2-to-CO2
ratio increased as the initial ethanol concentration increased. Because C2H4 was mainly
produced by ethanol dehydration (Abdullah and Croist 2014) (Fig. 4b), the higher
feedstock concentration facilitated the ethanol dehydration reaction. Further, because the
C2H4 yield was increased at the high feedstock concentration, more C2H6 was formed by
C2H4 hydrogenation (Therdthianwong et al. 2011; Okolie et al. 2019). In addition, Fig. 4a
shows that the related pathways of C3H6 (Eqs. 13 and 14) were not the dominant reactions
during the ethanol decomposition, even at 0.20 mol·L-1.
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Fig. 4. Gas product yield and GE at different feedstock concentrations (reaction temperature:
550 °C, reaction pressure: 23 MPa, and residence time: 12 s): (a) H2, CH4, CO, and CO2; (b)
C2H4, C2H6, C3H6, and GE
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Kinetics Analysis
The products of ethanol gasification in supercritical water included the gas phase
(H2, CO, CO2, CH4, C2H6, C2H4, and C3H6), liquid phase (acetaldehyde, acetone, 2propanol, etc. (Chakinala et al. 2013)), and some coke. According to the above discussion,
the ethanol decomposition mechanism is summarized in Fig. 5. In Fig. 5, 2-propanol,
acetone, etc. (defined as INT1) were formed by ethanol direct conversion. Because
acetaldehyde is the main intermediate compound in the liquid phase during ethanol
decomposition (Therdthianwong et al. 2011; Abdullah and Croiset 2014), the formation
and degradation of acetaldehyde should be the important pathways of ethanol supercritical
water decomposition (as shown in Fig. 5). In addition, Tschannen et al. (2013) reported
that the acetaldehyde process produced long-chain aldehydes, such as propionaldehyde,
butyraldehyde, pentanaldehyde, etc. Thus, these long-chain aldehydes were named INT2.
The gas production (ethanol direct decomposition and the further conversion of the
intermediates) and gas mutual conversion processes (water-gas shift reaction, methanation,
and hydrogenation) were defined as “Gases” in Fig. 5. The coke formation derived from
the gas products is also depicted in Fig. 5. It has to be pointed out that Figure 5 was a
simplified reaction network of ethanol decomposition, and the detailed pathways were not
thoroughly shown in Fig. 5.
C2H5OH

CH3CHO

INT1:
2-propanol,
acetone, etc.

Gases:
H2, CO, CO2,
CH4, C2, C3

Coke

INT2:
long-chain
aldehydes, etc.

Fig. 5. Proposed simplified decomposition mechanism for ethanol in supercritical water

The experiments showed that the C3H6 yield was only 0.003 mol·kg-1 at 550 °C and
23 MPa. Therefore, the gas products of ethanol gasification in the kinetic model were
simplified as H2, CO, CO2, CH4, C2H4, and C2H6. With regard to the liquid products of
ethanol decomposition, some related studies (Arita et al. 2003; Therdthianwong et al. 2011;
Abdullah and Croiset 2014; Reddy et al. 2014) have reported that acetaldehyde was the
main component. Therefore, the liquid products in this kinetic model were classified as
acetaldehyde and other intermediates (defined as CxHyOz). In addition, according to the
results in Fig. 3, the coke formation and hydrogenation of the intermediates should be
included in the kinetic model. Further, because the H2-to-CO2 ratios (Fig. 2, Fig. 3, and Fig.
4) exceeded 1, the water-gas shift reaction can be ignored in the kinetics. Methanation is
the exothermic reaction, and the favorable reaction temperature of methanation is less than
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400 ℃ (Miao et al. 2016). Guo et al. (2014) found that the methanation reaction can be
excluded in the kinetic model for temperatures from 550 °C to 600 °C. As a result, a kinetic
model of ethanol gasification in supercritical water is shown in Table 1.
Table 1. Proposed Reaction Pathways of Ethanol Decomposition in Supercritical
Water
Reaction

ki (Forward Reaction)

k-i (Reverse Reaction)

Index

k1
k2
k3
k4
k5
k6
k7
k8
k9

*
*
k-3
*
*
*
*
*
*

(1)
(2)
(3)
(15)
(8)
(9)
(10)
(11)
(16)

C2H5OH→CH3CHO+H2
C2H5OH→C2H4+H2O
C2H4+H2↔C2H6
CH3CHO→CH4+CO
2CO→C+CO2
C2H4→2C+2H2
CH4→C+2H2
CO2+2H2→C+2H2O
CxHyOz+H2→CxHy+2Oz
Note: * = ignored

According to the kinetic model in Table 2, the reaction rate equations with the firstorder were expressed as Eq. 17 to Eq. 25. When the reaction rate constants of Eq. 17 to Eq.
25 were solved, the reaction kinetic process was comprehensively revealed:
dCH2
dt

= k1CC2H5OH − k3CC2H4 CH2 +k−3CC2H6 + 2k6CC2H4 + 2k7CCH4 − 2k8CCO2 CH 2 − k9CCx H yOz CH 2

(17)
dCCO
= k4CCH3CHO − 2k5CCO
dt

dCCO2
dt
dCCH4
dt
dCC2 H4
dt
dCC2 H6
dt

= k5CCO − k8CCO2 CH2

(19)

= k4CCH3CHO − k7CCH4

(20)

= k2CC2 H5OH − k3CC2 H4 CH2 + k−3CC2 H6 − k6CC2 H4

(21)

= k3CC2H4 CH2 − k−3CC2H6

(22)

dCC2 H5OH
dt

= − ( k1 + k2 ) CC2 H5OH

dCC
= k5CCO + 2k6CC2H4 + k7CCH4 + k8CCO2 CH2
dt

dCCH3CHO
dt

(18)

= k1CC2H5OH − k4CCH3CHO

Zhao et al. (2020). “Ethanol in supercritical water,” BioResources 15(4), 8515-8528.
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Based on the data in the “Residence Time” section and the least-square-fit method
using Micromath Scientist, the rate constants of Eq. 17 to Eq. 25 were solved, and the
results are shown in Table 2. It was found that ethanol gasification in supercritical water
was mainly dominated by ethanol dehydrogenation (k1), intermediate hydrogenation (k9),
and coke formation (k5 and k7). Figure 6 shows that the H2 concentration of the kinetic
model well predicted the results of the experiments (R2 = 0.9136). Because the aim of
supercritical water gasification is often hydrogen production (Correa and Kruse 2018), the
rates of H2 formation and consumption are shown in Fig. 7.
Table 2. Reaction Rate Constant (ki, s-1) Values
ki
k1
k2
k3
k-3
k4

Value
0.2157
4.7702E-3
6.6029E-16
6.7517E-16
7.3274E-3

ki
k5
k6
k7
k8
k9

Value
1.9380E-2
5.6309E-16
1.8039E-2
1.8107E-16
0.1743

CH2 (mol/L)

0.04
0.03
0.02
Model
Experimental
0.01
0.00
0

2

4

6

8

10

12

Residence time (s)

Fig. 6. The H2 concentrations of the kinetic model and the experiment (reaction temperature:
550 °C, reaction pressure: 23 MPa, [C2H5OH]0: 0.1 mol/L, and residence time: 6 s to 12 s)

Figure 7 shows that H2 was mainly formed via the ethanol dehydrogenation
pathway, and it was consumed via hydrogenation of the intermediates.
0.04

Ethanol dehydrogenation
Ethylene hydrogenation
Ethane dehydrogenation
Ethylene carbonization
Methane carbonization
Carbon dioxide carbonization
Organic hydrogenation
Total

Rate of H2 (mol/s)

0.03
0.02
0.01
0.00

-0.01
0
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8
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Fig. 7. Rates of H2 formation and consumption (reaction temperature: 550 °C, reaction pressure:
23 MPa, and [C2H5OH]0: 0.1 mol/L)
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In addition, Arita et al. (2003) reported that ethanol dehydrogenation was the initial
decomposition reaction of ethanol with a relatively fast reaction rate. As residence time
increased, the rate of H2 formation via ethanol dehydrogenation gradually decreased (Fig.
7), which was due to ethanol degradation by dehydration (Eq. 2). Figure 7 shows that the
rates of H2 formation via carbonization pathways were not sufficiently fast. Therefore, coke
formation during the ethanol decomposition process was limited. In summary, the proposed
reaction pathways of ethanol decomposition in supercritical water and its kinetic model
(Table 1) preliminarily revealed the ethanol decomposition mechanism.
CONCLUSIONS
1. The gas products of ethanol decomposition in supercritical water were mainly H2, CO,
CO2, CH4, and C2 (C2H6 and C2H4), and the C3H6 yield was limited.
2. Temperature had bigger impacts on gas production than the other factors. The gas yields
and gasification efficiency increased with the increases in temperature and feedstock
concentration. The higher reaction temperature was beneficial to ethanol gasification
in supercritical water by promoting the free-radical reactions. The C-C bond and C-O
bond scissions of ethanol were favored by the high reaction temperature. The favorable
temperature for ethanol decomposition should be above 550 °C to achieve high
gasification efficiency.
3. As the feedstock concentration increased from 0.05 mol·L-1 to 0.20 mol·L-1, the H2-toCO2 ratio and the C2H4 yield gradually increased, and the H2-to-CO2 ratio was much
greater than 1. Higher feedstock concentration facilitated ethanol dehydrogenation and
ethanol dehydration. In addition, the water-gas shift reaction can be ignored in the
kinetic model.
4. As residence time increased, the GE values and the yields of H2, CO, and C2 obviously
decreased, whereas the CO2 yield slightly increased. When the residence time increased
from 6 s to 12 s, the H2 amount may have been reduced by the hydrogenation reaction,
and CO2 methanation was not the dominant reaction. Moreover, the coke formation
pathways should be included in the kinetic model of the ethanol decomposition.
5. A kinetic model of ethanol supercritical water decomposition was established based on
the above results. It showed that ethanol gasification in supercritical water was mainly
dominated by ethanol dehydrogenation, the hydrogenation of intermediates, and the
coke formation of CO and CH4. In addition, H2 was mainly formed via the ethanol
dehydrogenation pathway, and it was consumed via the hydrogenation of intermediates.
As residence time increased, the rate of H2 formation via ethanol dehydrogenation
gradually decreased because of the competing dehydration reaction of ethanol. Coke
formation was limited during ethanol decomposition in supercritical water.
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