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(57) ABSTRACT

The instant disclosure relates to a preparation method of
ethanol reforming catalyst, comprising the following steps.
The first step is mixing a first metal precursor, a second metal
precursor, and a third metal precursor with an organic
medium to form a mixture. The next step is adding a surfac-
tant to the mixture, and then allowing resting for 3 to 7 days to
form a colloidal gel. The next step is calcining the colloidal
gel for 1 to 5 hours in a first temperature region of 350° C. to
550° C., and then calcining the colloidal gel for 1 to 5 hours
in a second temperature region of 800° C. to 1000° C. to form
an ethanol reforming catalyst. The instant disclosure further
provides an ethanol reforming catalyst composition.
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Mixing a first metal precursor, a second
metal precursor, and a third metal precursor
with an organic medium to form a mixture

Y
Adding a surfactant into the mixture
and allowing resting for 3 to 7 days at
30°C to 50°C to form a colloidal gel

Y

Calcining the colloidal gel for 1
to b hours in a first temperature region
of 350°C to 550°C, and then
calcining the colloidal gel for 1
to b hours in a second temperature
region of 800°C to 1000°C to form an
ethanol reforming catalyst

FIG.1
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ETHANOL REFORMING CATALYST
COMPOSITION AND METHOD OF
PRODUCING ETHANOL REFORMING
CATALYST

BACKGROUND OF THE INVENTION
[0001]

[0002] Theinstant disclosure relates to a catalyst composi-
tion; in particular, to an ethanol reforming catalyst composi-
tion with high catalytic activity and a preparation method of
the ethanol reforming catalyst.

[0003] 2. Description of Related Art

[0004] Approximately 80% of the world’s energy demand
is dependent on fossil fuel (oil, coal and natural gas, etc)
which have limited availability in nature. Sustained consump-
tion of fossil fuel will eventually lead to severe deficiency of
energy and cause serious environmental pollution in the
meantime. As aresult, the use of non-polluting and renewable
energy alternatives to fossil fuels is an inevitable trend. Also,
the selection and use of new energy source must comply with
conditions such as cleanliness, high efficiency, very low pol-
lution and renewability.

1. Field of the Invention

[0005] Hydrogen energy is a clean and sustainably con-
sumable alternative energy with high energy conversion effi-
ciency. Hydrogen is a prospective carrier of energy due to the
energy content per unit mass (i.e., 120.7 kJ/g) which is larger
than that of other fuels; it also burns cleanly without emitting
pollutants to our environment. As a result, the popularity of
hydrogen energy can significantly improve the energy short-
age problem worldwide and reduce pollution to the environ-
ment. For example, the hydrogen fuel cell is a small size, high
efficiency, and low pollution (main emission is water) device,
which may achieve continuous operations with stable supply
of fuels (hydrogen and oxygen). In recent years, advanced
development of the hydrogen fuel cell technology has readily
driven the demand for hydrogen. The chemical energy con-
version efficiency of hydrogen can now be achieved up to
45~60% which is much higher than the heat engine efficiency
(15%) of general internal combustion engine.

[0006] Scientists from multiple countries are hence
devoted to investigate the appropriate hydrogen sources as a
reproducible fuel due to the increased demand for hydrogen.
Currently, methanol, ethanol, natural gas, naphtha and other
hydrocarbons are mainly used as alternative hydrogen
sources, of which ethanol possess the advantages of relatively
high fuel quality, cheap price, convenience, ease of storage
and transportation, and hydrogen generation at a relatively
low reaction temperature of 200~400° C. Comparing hydro-
gen energy with traditional gasoline fuel, the generated car-
bon dioxide (CO,) is reduced approximately 50%. Also, NO,,
SO,, hydrocarbons, and other pollutants are eliminated.

[0007] Currently, there are four main reactions for hydro-
gen generation via ethanol as follow:

[0008] 1. Ethanol Decomposition (ED)

Chemical reaction: CoH;OH—H+CH,+CO
[0009] 1II. Partial Oxidation of Ethanol (POE)

Chemical reaction: C,H;O0H+320,—3H,+2CO,

[0010] III. Steam Reforming of Ethanol (SRE)

Chemical reaction: C,HsOH+3H,0—6H,+2CO,
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[0011] IV. Oxidative Steam Reforming of Ethanol (OSRE)

Chemical reaction: CoH;OH+Y20,+2H,0—=2C0O+
S5H,

[0012] Among the above reactions, reactions II, II1, and IV
are, in particular, the main focuses in academic researches.
Steam reforming of ethanol is a reaction that applies high
temperature heating and catalytic reaction to a water/ethanol
mixture to produce hydrogen. Application of the oxidative
steam reforming of ethanol provides another process to pro-
duce hydrogen under a lower temperature. The addition of
oxygen affects the reforming process of ethanol to an exo-
thermic reaction, and hence, the energetic exhaustion can be
reduced. According to the chemical equations above, for each
mole of ethanol, no more than 5 moles of hydrogen can be
produced, thus, the maximum hydrogen selectivity is 167%.
It is known in the prior technology that metals such as
thodium, ruthenium, platinum, palladium, iridium, and
nickel can be used as catalysts to carry out catalytic reactions
of ethanol while cerium oxides and zirconium oxides can be
used as co-catalysts for the metal catalysts mentioned above.
[0013] In2004, Schmidt group published a literature (G. A.
Deluga, J. R. Salge, L. D. Schmidt, X. E. Verykios, Science,
2004, 303, 993-997.), in which high hydrogen selectivity are
illustrated, based on the aforementioned reaction. In the lit-
erature, rhodium-cerium oxideis used as a catalyst, and 100%
ethanol conversion and 116% hydrogen selectivity can be
obtained. While the catalytic process is assisted by a second-
stage catalyst, platinum-cerium oxide, the hydrogen selectiv-
ity can be further increased to 130%.
[0014] Currently, materials that can be applied to the oxi-
dative steam reforming of ethanol for hydrogen production
are quite limited besides cerium oxides. In 2009, Andrew T.
Hsu and his team researched and developed a material having
spinel structure, NiAl,O,—FeAl,O, (refer to L. H. Huang, J.
Xie, W.Chu, R.R. Chen, D. Chu, A. T. Hsu, Catal. Commun.,
2009, 10, 502-508.), by which the hydrogen selectivity can
achieve up to as highas 130% at 700° C. Although NiAl,O,—
FeAl,O, catalyst can provide excellent reactivity, the appli-
cable temperature range is too high and therefore becomes an
economically unsound solution in the long run.
[0015] Furthermore, international publication no.
0,/078840 reveals a modified catalyst which is formed by a
manganese oxide support having at least one metal selected
from the group consisting of rhodium, ruthenium, platinum,
palladium, iridium and nickel. Japanese publication no.
2003-265963 discloses a catalyst including a support having
manganese oxide that has at least one metal selected from the
group consisting of rhodium, ruthenium, platinum, palla-
dium, iridium and nickel. The publications firstly apply at
least one chlorine-containing compound, decompose with an
alkaline aqueous solution, and then rinse the modified cata-
lyst with water to remove chloride atoms.
[0016] Although the modified catalysts mentioned as above
possess high reactivity, in terms of strength, and durability,
improvements are still needed; production cost is relatively
high, which is not suitable for commercial applications.
Moreover, during steam reforming reaction of ethanol, the
catalysts prepared by traditional impregnation preparation
method, coke is readily produced which reduces the usable
life of the catalysts.
[0017] To address the above issues, the inventor strives via
associated experience and research to present the instant dis-
closure, which can effectively improve the limitation
described above.
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SUMMARY OF THE INVENTION

[0018] The object of the instant disclosure is to resolve the
problem of the aggregation of metal ions that leads to active
decay and the broken bond between carbon-carbon which
leads to the formation of coke through solid solution method.
[0019] In order to achieve the aforementioned objects,
according to an embodiment of the instant disclosure, a
preparation method for an ethanol reforming catalyst com-
prising the steps as follow: Firstly, mix a first metal precursor,
a second metal precursor, and a third metal precursor with an
organic medium to form a mixture. Next, add a surfactant into
the mixture and allow resting for 3 to 7 days at 30° C. to 50°
C. to form a colloidal gel. Then, calcine the colloidal gel for
1 to 5 hours in a first temperature region of 350° C. to 550° C.
and calcine the colloidal gel for 1 to 5 hours in a second
temperature region of 800° C. to 1000° C. to form the ethanol
reforming catalyst.

[0020] According to the aforementioned preparation
method, the instant disclosure provides an ethanol reforming
catalyst composition comprising a catalyst support and a
metal oxide solid solution supported on a surface of the sup-
port including a ruthenium metal, a first metal and a second
metal. The first metal is an element selected from the group
consisting of titanium, zirconium, and cerium. The second
metal is an element selected from the group consisting of
scandium, yttrium, and lanthanum.

[0021] According to the aforementioned preparation
method, the instant disclosure provides another ethanol
reforming catalyst composition comprising a catalyst support
and a metal oxide solid solution supported on a surface of the
support including a lanthanum metal, a first metal and a
second metal. The first metal is selected from the group con-
sisting of zirconium and cerium. The second metal is selected
from the group consisting of cobalt, nickel, and copper.
[0022] In summary, the method of producing ethanol
reforming catalyst by preparing solid solution can increase
the dispersion of metal ions (such as ruthenium and nickel
ions) which can be stable at an ionic state in the material
structure. In addition, reactivity of the catalysts can be
enhanced and the formation ofreadily vaporized metal oxides
(such as ruthenium dioxide) that are generated under high
temperature during prolonged catalyzing can be prevented.
[0023] 1Inorderto further understand the instant disclosure,
the following embodiments and illustrations are provided.
However, the detailed description and drawings are merely
illustrative of the disclosure, rather than limiting the scope
being defined by the appended claims and equivalents
thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a flow chart illustrating a preparation
method for ethanol reforming catalysts according to the
instant disclosure;

[0025] FIG.2is an X-ray diffraction pattern for the ethanol
reforming catalysts according to a first embodiment of the
instant disclosure;

[0026] FIG. 3 is a graph illustrating the relationship
between the carbon/oxygen ratio and the ethanol conversion
rate for the ethanol reforming catalysts according to the first
embodiment of the instant disclosure;

[0027] FIG. 4 is a graph illustrating the relationship
between the carbon/oxygen ratio and the hydrogen selectivity
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for the ethanol reforming catalysts according to the first
embodiment of the instant disclosure;

[0028] FIG. 51is an X-ray diffraction pattern for the ethanol
reforming catalysts according to a second embodiment of the
instant disclosure;

[0029] FIG. 6 is a graph illustrating the relationship
between the carbon/oxygen ratio and the ethanol conversion
rate for the ethanol reforming catalysts according to the sec-
ond embodiment of the instant disclosure; and

[0030] FIG. 7 is a graph illustrating the relationship
between the carbon/oxygen ratio and the hydrogen selectivity
for the ethanol reforming catalysts according to the second
embodiment of the instant disclosure.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0031] The aforementioned illustrations and detailed
descriptions are exemplarities for the purpose of further
explaining the scope of the instant disclosure. Other objec-
tives and advantages related to the instant disclosure will be
illustrated in the subsequent descriptions and appended draw-
ings.

[0032] An ethanol reforming catalyst in accordance with
the embodiment according to the instant disclosure is pro-
vided. The ethanol reforming catalyst increases the disper-
sion of metal ions within the structure through the preparation
of solid solutions in order to enhance the usable life and
stability of the catalyst and minimize the generation of coke
while generating hydrogen during the reaction.

First Embodiment

[0033] Please refer to FIG. 1 as the process diagram of the
steps for preparing the ethanol reforming catalyst according
to the instant disclosure. Specific content of each step is
described as the following.

Synthesis

[0034] Step 1: Mixing a first metal precursor, a second
metal precursor, and a third metal precursor into an organic
medium to form a mixture. Specifically, the first metal pre-
cursor, the second metal precursor and the third metal precur-
sor may respectively be a metal salt, metal hydrate, or metal
chloride. In addition, the organic medium can be selected
from methanol (CH,OH), ethanol (C,H,OH), butanol
(C,H,0OH), or isopropanol ((CH,),CHOH).

[0035] Furthermore, the first metal precursor can be
selected from TiCl,, ZrO(NO,),.2H,0O or Ce(NO,),.6H,0.
In other words, the first metal can be one of the following
metals: titanium, zirconium, or cerium. The second metal
precursor can be Sc(NO,),.4H,0, Y(NO,),.6H,O or,
La(NO,);.6H,0. In other words, the second metal can be one
of the following metals: scandium, yttrium, or lanthanum.
The third metal precursor can be RuCl;.3H,O, which also
means the third metal can be ruthenium metals, and the
organic medium can be ethanol.

[0036] In the instant embodiment, cerium nitrate, lantha-
num nitrate and ruthenium chloride are weighed with differ-
ent masses, then dissolved in room temperature, and homo-
geneously mixed into S g of ethanol to form a mixture which
has a total metal ion concentration of 5 mmol. In a different
embodiment, the first metal precursor can also be titanium
tetrachloride or zirconyl nitrate. The second metal precursor
can also be scandium nitrate or yttrium nitrate which is
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weighed with different masses and dissolved in room tem-
perature; notably, the mixture has a total metal ion concen-
tration of 5 mmol.

[0037] Step 2: Adding a surfactant into the mixture, allow-
ing resting for 3 to 7 days at 30° C. to 50° C. to form acolloidal
gel. Specifically, the surfactant can be P123 as illustrated in
the following chemical formula:

HO{CH,CH,0),4(CH,CH(CH;)0),,(CH,CH,0),,H

[0038] After thoroughly mixing P123 with the mixture
mentioned above, the mixture is preferably allowed resting
for 3 days at 40° C. Notably, the surfactant of the instant
disclosure is not limited to P123, and may be selected from
one of the following: F68, F108, and F127.

[0039] Step 3: Calcine the colloidal gel for 1 to 5 hours in a
first temperature region of 350° C. to 550° C., and then
calcine the colloidal gel for 1 to 5 hours in a second tempera-
ture region of 800° C. to 1000° C. to form an ethanol reform-
ing catalyst. Specifically, the colloidal gel formed from step 2
is inserted into a high temperature furnace and calcine at 450°
C.for 5 hours. Thereafter, the colloidal gel is calcined at 900°
C. for 5 hours to form crystalline phase. As a result, the
ethanol reforming catalysts in accordance with the instant
disclosure are obtained. According to the steps of the instant
embodiment, the resulting ethanol reforming catalyst (metal
oxide solid solution) is listed in the following chemical for-
mula:

A;5(By,Ru, )0,

[0040] where x is O=x=<0.4.

[0041] A is an element selected from the group consisting
of scandium, yttrium, and lanthanum.

[0042] B is an element selected from the group consisting
of titanium, zirconium and cerium.

[0043] Furthermore, the ethanol reforming catalyst (metal
oxide solid solution) in the instant embodiment can be formed
on a surface of a catalyst support to constitute an ethanol
reforming catalyst composition, in which the catalyst support
can be selected from metal oxides having a relatively large
surface area such as silica or alumina but is not limited
thereto.

Formula 1

Example

[0044] Please refer to FIGS. 2 to 4. FIG. 2 illustrates the
X-ray diffraction pattern for the ethanol reforming catalysts
according to a first embodiment of the instant disclosure
while FIGS. 3 and 4 are graphs comparing the carbon/oxygen
ratio respectively with the ethanol conversion rate and the
hydrogen selectivity for the ethanol reforming catalysts. As
illustrated in FIG. 2, the preparation method for ethanol
reforming catalysts of the instant embodiment can provide
catalyst materials with relatively high purity. As illustrated in
FIG. 3, at a carbon/oxygen ratio below 0.7, the ethanol
reforming catalyst can provide ethanol conversion rate of
100%. As illustrated in FIG. 4, the hydrogen generation rate
has the most preferable hydrogen selectivity of 100 (2) %
under the conditions that the mole ratio between lanthanum,
cerium, and ruthenium is respectively 1:0.9:0.1 and the reac-
tion temperature is at 400° C.

Second Embodiment

[0045] Please refer to FIG. 1. The instant embodiment can
effectively reduce the formation of coke during the extended
period of catalytic reaction. The reduction of coke is achieved
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by the dispersion of nickel ions within the solid solution
structure. Varying from the first embodiment, the first metal
precursor of the instant embodiment can be selected from
ZrO(NO,),.2H,0 or Ce(NO,),.6H,0 which means the first
metal can be one of the following metals: zirconium or
cerium. The second metal precursor can be selected from
Cu(NO,),.2H,0, Co(NOs),.6H,0 or Ni(NO;),.6H,O which
means the second metal can be one of the following metals:
coppet, cobalt, or nickel. The third metal precursor can be
La(NO;);.6H,O which means the third metal can be lantha-
num.

[0046] Specifically, the first, second, and third metal pre-
cursor are respectively lanthanum nitrate, cerium nitrate and
nickel nitrate. Similarly, lanthanum nitrate, cerium nitrate and
nickel nitrate are weighed at various mass, then dissolved at
room temperature, and homogeneously mixed into 5 g of
ethanol to form a mixture which has a total metal ion concen-
tration of 5 mmol. Please refer to the first embodiment for
further details for steps 2 and 3 as step 2 and 3 of the instant
embodiment is the same as the first embodiment. The ethanol
reforming catalyst (metal oxide solid solution) prepared via
the steps according to the instant disclosure has a chemical
formula listed below:

Lay(C;, Do 5)07.1 55

[0047] where x is 0<x=<0.9.

[0048] Cis an element selected from the group consisting
of zirconium and cerium.

[0049] D is an element selected from the group consisting
of cobalt, nickel, and copper.

[0050] Furthermore, the ethanol reforming catalyst (metal
oxide solid solution) according to the instant disclosure can
be formed on a surface of a catalyst support to constitute an
ethanol reforming catalyst composition, in which the catalyst
support can be selected from metal oxides having a relatively
large surface area such as silica or alumina but is not limited
thereto.

Formula 2

Example

[0051] Please refer to FIGS. 5 to 7 in which FIG. 5 illus-
trates an X-ray diffraction pattern for the ethanol reforming
catalysts according to a second embodiment of the instant
disclosure while FIGS. 6 and 7 respectively show graphs
comparing the carbon/oxygen ratio with the ethanol conver-
sion rate and the hydrogen selectivity for the ethanol reform-
ing catalysts. As illustrated in FIG. 4, the preparation method
for ethanol reforming catalysts of the instant embodiment can
provide catalyst materials with relatively high purity, in
which the pure phase, x, is 0=x=<0.9. As illustrated in FIG. 6,
at a carbon/oxygen ratio below 0.7 where x=0.7, the ethanol
reforming catalyst can provide ethanol conversion rate of
100%. As illustrated in FIG. 7, the hydrogen generation rate
has the most preferable hydrogen selectivity of 80(2) % under
the conditions that the mole ratio between lanthanum, cerium,
and nickel is respectively 2:1.1:0.45 and the reaction tem-
perature is at 500° C.

Potential Effect of the Embodiments

[0052] In summary, the method of producing ethanol
reforming catalyst by preparing solid solution can increase
the dispersion of metal ions (such as ruthenium and nickel
ions) which can be stable at an ionic state in the material
structure. In addition, reactivity of the catalysts can be
enhanced and the formation of readily vaporized metal oxides
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(such as ruthenium dioxide) that are generated by high tem-
perature during prolonged catalyzing can be prevented.
[0053] With enhancement in catalyst reactivity, consump-
tion of precious metals such as ruthenium can be reduced to
provide materials cost savings. In addition, although the
instant disclosure uses active metals such as nickel to prepare
the catalyst, carbon deposition caused by the poor dispersion
of nickel during the prolonged catalytic reaction can be effec-
tively reduced because of the excellent dispersion of nickel
ions within the solid solution structure.
[0054] The figures and descriptions supra set forth illus-
trated the preferred embodiments of the instant disclosure;
however, the characteristics of the instant disclosure are by no
means restricted thereto. All changes, alternations, combina-
tions or modifications conveniently considered by those
skilled in the art are deemed to be encompassed within the
scope of the instant disclosure delineated by the following
claims.
What is claimed is:
1. An ethanol reforming catalyst composition, comprising:
a catalyst support; and
a metal oxide solid solution formed on the surface of the
catalyst support and including a ruthenium metal, a first
metal, and a second metal, wherein the first metal is
selected from the group consisting of titanium, zirco-
nium, and cerium, and the second metal is selected from
the group consisting of scandium, yttrium, and lantha-
num.
2. The ethanol reforming catalyst composition as recited in
claim 1 having a general formula (I):

A5(B,Ru,jO, Formula (T)

wherein

x 15 0=x=0.4;

A is selected from the group consisting of scandium,

yitrium, and lanthanum; and

B is selected from the group consisting of titanium, zirco-

nium, and cerium.

3. The ethanol reforming catalyst composition as recited in
claim 1, wherein the catalyst support is a metal oxide having
a relatively large surface area.

4. An ethanol reforming catalyst composition, comprising:

a catalyst support; and

a metal oxide solid solution supported on a surface of the

support including a lanthanum metal, a first metal and a
second metal, wherein the first metal is selected from the
group consisting of zirconium and cerium, and the sec-
ond metal is selected from the group consisting of
cobalt, nickel, and copper.

Jul. 31,2014

5. The ethanol reforming catalyst composition as recited in
claim 4 having a general formula (II):

Lay(C5. Do 507 5% Formula (II)

wherein

x is 0=x<0.9;

C is selected from the group consisting of zirconium and

cerium; and

D is selected from the group consisting of cobalt, nickel,

and copper.

6. The ethanol reforming catalyst composition as recited in
claim 4, wherein the catalyst support is a metal oxide having
a relatively large surface area.

7. A method of producing ethanol reforming catalysts,
comprising the steps of:

mixing a first metal precursor, a second metal precursor,

and a third metal precursor with an organic medium to
form a mixture;

adding a surfactant into the mixture and allowing resting

for 3 to 7 days at 30° C. to 50° C. to form a colloidal gel,
and

calcining the colloidal gel for 1 to 5 hours in a first tem-

perature region of 350° C. to 550° C., then another 1 to
5 hours in a second temperature region of 800° C. to
1000° C. to form an ethanol reforming catalyst.

8. The preparation method as recited in claim 7, wherein
the first metal precursor is in a form of metal salts, metal
hydrates, or metal chlorides, the first metal is selected from
the group consisting of titanium, zirconium, and cerium, the
second metal precursor is in a form of metal salts, metal
hydrates, or metal chlorides, the second metal is selected from
the group consisting of scandium, yttrium, and lanthanum,
the third metal precursor is in a form of ruthenium salts,
ruthenium hydrates, or ruthenium chlorides.

9. The preparation method as recited in claim 7, wherein
the first metal precursor is in a form of metal salts, metal
hydrates, or metal chlorides, the first metal is selected from
the group consisting of zirconium and cerium, the second
metal precursor is in a form of metal salts, metal hydrates, or
metal chlorides, the second metal is selected from the group
consisting of cobalt, nickel, and copper, the third metal pre-
cursor is in a form of lanthanum salts, lanthanum hydrates, or
lanthanum chlorides.

10. The preparation method as recited in claim 7, wherein
the surfactant is P123 expressed by formula (I1I):

HO(CH,CH,0)50(CH>CH(CH;3)0) 76(CH,CH,0)56H ~ Formula (TIT)

11. The preparation method as recited in claim 7, wherein
the mixture includes a total metal ions concentration of 5
mmol.



