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DESCRIPTION
METHOD FOR PRODUCING FATTY ACID ALKYL ESTERS AND/OR GLYCERIN

TECHNICAL FIELD

The present invention relates to a method for producing
fatty acid alkyl esters and/or glycerin from fats or oils of
animal or plant origin. More specifically, the present
invention relates to: a method for producing fatty acid alkyl
esters and/or glycerin useful for fuel, food, cosmetics,
pharmaceuticals and the like purposes; and a catalyst used in
the method.

BACKGROUND ART

Fatty acid alkyl esters derived from vegetable fats and
oils are used as cooking oil and, in addition, used in such fields
as cosmetics and pharmaceuticals. In recent years, attention
has been paid to uses as additives to fuels such as fossil diesel
fuel. For example, fatty acid alkyl esters are added to light
oil in an amount of several percent as vegetable-derived
biodiesel fuel for reducing emission of CO,. Glycerin ismainly
used as a raw material for nitroglycerin and is further used
asarawmaterial foralkydresins, or forpharmaceuticals, foods,
printing inks, cosmetics and the like.

As a method for producing such fatty acid alkyl esters
and/or glycerin, it is known transesterification of alcohols
with triglyceride, which is a main component of fats and oils.
In carrying out such a production method on a commercial scale,
a homogenous alkali catalyst is generally used. However, the
method needs complicated steps in order to separate and remove
the catalyst from the reaction system. Such steps should have
been simplified or omitted in order to produce fatty acid alkyl
estersandglycerinmoreeffectively. Also, thealkalicatalyst
causes saponification of free fatty acids contained in the fats

and oils. Therefore, soaps are produced as a byproduct, which
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needs a step of washing the produced soaps with large amounts
of water. 1In addition, emulsification of the soaps would lead
toyielddecrease of fattyacidalkyl esters and make a subsequent
glycerin purification process complicated. Therefore, such
problems should have been solved in order to produce fatty acid
alkyl esters and glycerin more simply and effectively.

As methods for producing fatty acid alkyl esters, for
example, Japanese Kokai .Publication No. Hei-07-173103 disloses
a method of transesterification of carboxylate, in which a
catalyst containing at least one of silicates among the Group
4A (the Group 4) elements in the periodic table as an active
component is used, and the silicates may be either crystalline
silicates or amorphous silicates. However, this production
method should have been improved in catalyst reactivity and
catalyst life, as well as reaction yield or conversion rate in
the production steps in order to bemore useful industrial method
to produce fatty acid alkyl esters more efficiently and simply.

Asmethods forproducing lower alkyl esters of fattyacids,
forexample, JapaneseKokai PublicationNo.2000-44984 discloses
a method, in which a solidbasic catalyst containing a potassium
compound and iron oxide, or a potassium compound and zirconium
oxide is used as a catalyst. However, this production method
should have been improved in reaction yield or conversion rate
in the production stepsbymore sufficient suppressionof elution
of active material components, whereby to simplify or omit a
complicated step, such as removal of the eluted components.

Furthermore, as methods for producing aliphatic esters,
for example, U.S. Patent No. 6147196 and French Patent
Publication No. 2794768 each disclose a method comprising the
following 3 steps: (a) alcoholysis of an oil in the presence
of a heterogeneous catalyst and then eliminating an alcohol and
separating out glycerin to produce a crude ester containing a
monoglyceride; (b) transesterificationof themonoglyceride and
a fatty acid alkyl ester in the presence of a heterogeneous
catalyst to produce a triglyceride and a diglyceride; and (c)
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recycling the alcohol recovered in the step (a), in which the
catalyst of ZnAl,04, xZn0O, or yAl,0; (x and y being 0 to 2) is
used. However, these production methods also should have been
improved to be more efficient and simple production methods of
5 fatty acid alkyl esters. Furthermore, it is well known that
titanium (IV) alkoxide is useful as a homogeneous catalyst.
However, titanium (IV) oxide usually exhibits low activity (for
example, referring to Comparative Examples in Table 3 on page
5 of Japanese Kokai Publication No. Hei-07-173103). Therefore

10 the reaction yield and the conversion rate in the production
steps should have been improved.

As methods for producing aliphatic esters, for example,
U.S Patent No. 5908946 discloses a method comprising the
following 5steps: (a) alcoholysisofanoil with a heterogeneous

15 catalyst; (b)evaporating excess alcohol froma reactionmixture
after the alcoholysis; (c) separatingamixed solutionofa fatty
acid alkyl ester and an unreacted oil from glycerin to give the
mixed solution of the fatty acid alkyl ester and the unreacted
0il; (d) alcoholysis of themixed solution againwith the alcohol

20 recovered in the step (b) in the presence of a heterogeneous
catalyst; and (e) re-evaporatingexcessalcohol fromthe reaction
mixture after the alcoholysis, and separating the glycerin and
the fatty acid ester to produce the fatty acid ester, in which
catalyst having a spinel structure of ZnAl;04, XZnO, or yAl,0;

25 (x and y being 0 to 2) is preferably used.

With respect to a catalyst containing zinc silicate, for
example, British Patent No. 795573 discloses a method, in which
animal andvegetable fatsandoils arereactedwith excessalcohol,
and zinc silicate is used as a catalyst.

30 And with respect to a catalyst containing zinc aluminate,
for example, French Patent No. 2752242 discloses a catalyst used
in a production of fatty acid alkyl esters and glycerin, the
catalyst containing ZnAl,04, xZnO, or yAl.0s; (x and y being O
to 2). 1In this production method, ZnAl,0s, xZn0, and yAl;03 each

35 containing a spinel structure are preferably used.
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Forexample, FrenchPatentNo. 2772756disclosesacatalyst
used in a reaction of a plant or animal oil with an excess of
alcohol, the catalyst being either aluminates or silicates each
based on zinc, titanium, or tin. Also disclosed is a catalyst
based on zinc, tin, or titanium, and the catalyst being, for
example, aluminates or silicates, preferably aluminates.
Alumina-carried titania is illustrated as a catalyst, and zinc
aluminate is mainly used és a catalyst in Examples. And for
example, Japanese Kokai Publication No. 2005-200398 discloses
a method for producing fatty acid alkyl esters and/or glycerin
comprising a step of bringing a fat or oil into contact with
an alcohol in the presence of a catalyst, wherein the catalyst
contains at least one kind of a metal element selected from the
group consisting of group 4 and 5 metal elements. However, if
such catalysts are used in a reaction mixture containing a free
fatty acid or water, leaching of metal components is observed
due to soaps as abyproduction, andrepeatedreactions. Thereby,
the separation and purification step becomes complicated and
the catalyst life is shortened. Therefore, there is room for
improvement in the catalysts.

SUMMARY OF THE INVENTION

The present invention has been made in view of the above
state of the art. That is, a catalyst used in the present
invention can substantially suppress leaching of active metal
components and exhibit high activity for both reactions of
transesterification of glycerides and esterification of free
fatty acids each contained ina fator 0oil. Thereby, the present
invention has an object to provide: an efficient and selective
production method of fatty acid alkyl esters and/or glycerin
suitable for applications, such as food and fuel, which can
simplify or omit a complicated step, such as removal step of
catalysts; and a catalyst used in the production method.

The present inventors have made various investigations
about methods for producing fatty acid alkyl esters and/or
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glycerin. And they have noted that a method for producing fatty
acid alkyl esters and/or glycerin by bringing a fat or oil into
contact with alcohols in the presence of a catalyst is
industrially useful. They have found that, in such steps, a
metal oxide having an ilmenite structure and/or a slyrankite
structure has an ability of catalyzing esterification and
transesterification simultaneously, and is unaffected by a
mineral acid or a metal component contained in a fat or oil and,
further avoids decompositionofalcohols. Also, theyhave found
that leaching of active metal components is sufficiently
suppressed, and whereby catalyst activity and catalyst life are
sufficientlyimprovedbecausethecatalysthasaspecificcrystal
structure. And they also have found that the catalyst can
remarkably simplify or omit the catalyst separation and removal
step and a catalyst recovery step, as compared with homogeneous
catalysts used in conventional methods, and can be repeatedly
used for the reaction. Therefore, they have resolved the
above-mentioned problems. And they have found that if such a
metal oxide having an ilmenite structure contains titanium and
at least onemetallic element selected from the group consisting
of metallic elements belonging to the Groups 7, 8, 9, 10, and
12, the catalyst life is more improved and leaching of the active
metal components is more sufficiently suppressed, which can
exhibit effects of the present invention, and found that MnTiOs,
CoTiOs, ZnTi0;, FeTiOs, and NiTiOs each containing an ilmenite
structure are especially useful.

The present inventors also have found that an oxide
catalyst containing a metallic element belonging to the Group
12 and a metallic element belonging to the Group 4, or a mixed
oxide containing a metallic element belonging to the Group 12
and a tetravalent transition metallic element has an ability
of catalyzing esterification and transesterification
simultaneously, and is unaffected by a mineral acid or a metal
component contained in a fat or oil and, further, avoids
decomposition of an alcohol. And they also have found that
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particularly if an acid metal such as titanium or zirconium is
used as the metallic element belonging to the Group 4 or the
tetravalent metallic element, and a basic metal such as zinc
is used as the metallic element belonging to the Group 12, and
then the acid metal and the basic metal are mixed, zinc can be
stably fixed. They also have found that if these metal oxides
arecrystallized, theycanbemore stablecatalysts. Forexample,
Zn;Ti0q with a spinel structure has thermal stability higher
than that of mixed oxide Zn0/Ti0; especially amorphous Zn0/Ti0,,
andcanbemorestabilized. AndinZnZrOshavingacubicstructure,
both zinc and zirconium can be stabilized. And they also have
found that the catalyst can remarkably simplify or omit the
catalyst recovery step, as compared with homogeneous catalysts
used in conventional methods and can be repeatedly used for the
reaction, and the catalyst canmake reaction yield and conversion
rate more improved, because the catalysts suppress leaching of
the active metal components and have long catalyst life.
Therefore, they have resolved the above-mentioned problems.
They also have found that even if the reaction mixture contains
a free fatty acid and water, no soap is generated as a byproduct,
and the catalyst is allowed to have long life, which can reduce
catalyst-related costs, and permit stable and long-term
production of fatty acid alkyl esters and/or glycerin.

They have also found that, in the present invention, a
metal oxide containing zirconium and at least one metallic
element selected from the group consisting of metallic elements
belonging to the Groups 4, 5, and 8 as essential components has
anabilityof catalyzingesterificationandtransesterification
simultaneously, and is unaffected by a mineral acid or a metal
component contained in a fat or oil and, further, avoids
decomposition of an alcohol. Also, they have found that high
activity and immobilization of active metal component in solid
catalyst to a raw material or a product can be sufficiently
attained by the catalyst because the catalyst essentially
contains zirconium. And they also have found that the catalyst
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can remarkably simplify or omit the catalyst recovery step, as
comparedwithhomogeneous catalystsusedinconventional methods
and can be repeatedly used for the reaction, and make reaction
yield and conversion rate more improved. Therefore, they have
resolved the above-mentioned problems. Andtheyhave found that
if such a catalyst contains zirconium oxide having a monoclinic
structure, the catalyst reactivity and the catalyst life are
more improved and leaching of the active metal components is
more sufficiently suppressed, which can exhibit effects of the
present invention.

They have found that, in the present invention, a catalyst
containing anatase type titanium oxide and/or rutile type
titanium oxide has an ability of catalyzing esterification and
transesterification simultaneously, and is unaffected by a
mineral acid or a metal component contained in a fat or oil and,
further, avoids decomposition of alcohols. Also, they have
found that use of such crystalline titanium oxide can
sufficiently suppress leaching of titanium component, which is
an active component. They also have found that if the catalyst
isusedafterbeingadjusted suchthat concentrationof the sulfur
components contained in the catalyst has a specific value or
less, for example, by reducing residual sulfur components, the
activityof titaniumoxide whose low activity has made practical
application difficult so far can be improved, and the catalyst
life canbe extended. And theyalso have found that the catalyst
can remarkably simplify or omit the catalyst separation and
removal step and the catalyst recovery step, as compared with
homogeneous catalysts used in conventional methods, and can be
repeatedlyused forthe reaction. Therefore, theyhave resolved
the above-mentioned problems. And they have found that if the
catalyst contains an oxide of at least one metallic element
selected fromthe groupconsistingofmetallicelementsbelonging
to the Groups 4, 13, and 14, the catalyst life and the catalyst
activity are more improved and leaching of the active metal

components is more sufficiently suppressed, which can exhibit
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effects of the present invention. Thereby, the present
invention has been completed. Therefore, the present invention
has been completed.

That is, the present invention relates to a method for
producing fatty acid alkyl esters and/or glycerin comprising
a step of bringing a fat or oil into contact with an alcohol
in the presence of a catalyst,

wherein the catalyst is at least one catalyst selected
from the group consisting of the following (I) to (V):

(I) ametal oxidehavingan ilmenite structure and/oraslyrankite
structure;

(ITI) an oxide containing a metallic element belonging to the
Group 12 and a metallic element belonging to the Group 4;
(ITI) a mixed oxide containing a metallic element belonging to
the Group 12 and a tetravalent transition metallic element;
(IV) ametal oxide containing zirconium and at least onemetallic
element selected from the group consisting of metallic elements
belonging to the Groups 4, 5 and 8; and

(V) ametal oxide containing anatase type titanium oxide and/or
rutile type titanium oxide, and the metal oxide containing a

sulfur component of 700 ppm or less.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will, hereinafter, be described in
more detail.

In the method for producing fatty acid alkyl esters and/ox
glycerin according to the present invention, a fat or oil, and
an alcohol are contacted with each other in the presence of at
least one catalyst selected from the group consisting of (I)
to (V). Such a catalyst may be at least one catalyst among the
above-mentioned catalysts (I) to (V). Any of the catalysts can
sufficientlyexhibit functional effectsof the present invention.
The catalysts (I) to (V) will, hereinafter, be described.

If the catalyst (I) is used, a fat or oil, and an alcohol
are contacted with each other in the presence of a metal oxide
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having an ilmenite structure and/or a slyrankite structure. 1In
such a production method, a reaction can be performed with high
efficiency because a metal oxide having an ilmenite structure
and/or a slyrankite structure, which is used as a catalyst,
sufficiently suppresses leaching of the activemetal components
and improves catalyst activity and catalyst life.

The above-mentionedmetal oxide is not especially limited
as long as it has an ilmenite structure and/or a slyrankite
structure, and may be, for example, a mixture of a single oxide
or a mixed oxide, or contain an active component (for example,
a single or mixed oxide of metallic element) carried or
immobilized on a carrier. Examples of the carrier on which the
active component is carried or fixed include silica, alumina,
silica~alumina, various zeolites, activated carbon, kieselguhr,
zirconium oxide, rutile type titanium oxide, tin oxide, lead
oxide. Asmentioned above, preferred embodiment of the present
inventionincludes amethod forproducing fattyacidalkyl esters
and/or glycerin comprising a step of bringing a fat or oil into
contact with an alcohol in the presence of a catalyst,

wherein the catalyst is a metal oxide having an ilmenite
structure and/or a slyrankite structure.

The above-mentioned ilmenite structure is expressed by
the formula ABXs (A and B being cations and X being an anion),
and means a rhombohedral lattice which is a slightly distorted
hexagonal closest packingof Xwith the octahedral holes occupied
by A and B regularly arranging as 6 coordination. For example,
a mixed oxide represented by FeTiOs; has a structure in which
a position of Al of a-alumina (corundum type) is replaced with
Fe and Ti regularly. If themetal oxide having such a structure
isusedas thecatalyst, thecatalyst has sufficient insolubility
to any of a fat or oil and an alcohol, which are raw materials
of the present invention, and a product (fattyacidalkyl esters,
glycerin and the like), and the catalyst life is remarkably
improved. Therefore, in the production method of the present
invention, recyclingefficiencyof the catalyst ismore improved
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and a catalyst separation and removal step can be remarkably
simplified or omitted. Therefore, utility costs and equipment
costs are sufficiently reduced.

It is preferable that the metal oxide has such an ilmenite
structure in which at least one of A and B is titanium in the
above formula. For example, MnTiOs, CoTiOs, ZnTiOs; (ilmenite
type), FeTiOs;, and NiTiO; may be mentioned. Among them, the
catalyst contains a metal oxide having an ilmenite structure
containing titanium and at least one metallic element selected
from the group consisting of metallic elements belonging to the
Groups 7, 8, 9, 10, and 12. The catalyst containing such a metal
oxide is part of preferable embodiment of the present invention.
In this case, leaching of the active component is more
sufficiently suppressed, which permits sufficient exhibition
of functional effects of the present invention. Morepreferably,
themetal oxide isMnTi0Os, CoTiOs, ZnTiOs (ilmenite type), FeTiOs,
and NiTiOs.

The slyrankite structure means a mixed oxide and/or solid
solution, mainly composed of titanium and zirconium, which has
the same structure as in orthorhombic o-Pb0;, represented by
Tig.g72¥0.3302 discovered by A. Willgallis et al in 1983. That
is, the slyrankite structure characteristically has a structure
in which Ti** and zr*' are randomly disposed at Pb*" of a-PbO,.
Specifically, the slyrankite structure is a mixed oxide and/or
solid solution in which atomic ratio of total atomic number of
Ti'" and zr*' to oxygen is 1:2. 1In the present invention, the
atomic ratio of Ti to Zr is preferably (1 to 0.2):(0 to 0.8),
more preferably (0.8 to 0.3):(0.2 to 0.7), and still more
preferably (0.7 to 0.4):(0.3 to 0.6).

The catalyst containing such a metal oxide exhibits
activity higher than that of titanium oxide, silica-carried
titanium oxide or the like. Therefore, according to the
producing method of the present invention, recycling efficiency
of the above-mentioned catalyst is improved and thereby utility

costs andequipment costsaresufficientlyreduced, whichpermits
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highly selective production of fatty acid alkyl esters and/or
glycerin with high yield. It can be determined using powder
X-raydiffractionmeasurement (XRD) whether the above-mentioned
catalyst has an ilmenite structure or a slyrankite structure.

If the above-mentioned catalyst(s) (II) and/or (III)
is/are used, a fat or oil, and an alcohol are contacted with
each other in the presence of an oxide containing a metallic
element belonging tothe Group 12 andametallicelement belonging
to the Group 4 and/or amixed oxide containing ametallic element
belonging to the Group 12 and a tetravalent transition metallic
element. If the catalyst according to the present invention
is an oxide containing the above-mentioned metallic elements,
the metallic elements can be stably fixed. Therefore, such a
catalyst can be preferably used as a catalyst. And the reaction
can be more effectively carried out because the catalyst
sufficiently suppresses leaching of the active metal components
and exhibits high catalyst activity efficiently. As mentioned
above, preferred embodiment of the present invention includes
a method for producing fatty acid alkyl esters and/or glycerin
comprising a step of bringing a fat or oil into contact with
an alcohol in the presence of a catalyst,

wherein the catalyst is an oxide containing a metallic
elementbelonging totheGroup 12 andametallic element belonging
to the Group 4, and/or

a method for producing fatty acid alkyl esters and/or
glycerin comprising a step of bringing a fat or oil into contact
with an-alcohol in the presence of a catalyst,

wherein the catalyst is amixed oxide containingametallic
element belonging to the Group 12 and a tetravalent transition
metallic element.

As the above-mentioned metallic element belonging to the
Group 12, oneormore elements among zinc element, cadmiumelement,
and mercury element are preferred. Among them, zinc element
ispreferredinviewof toxicity. Thus, themethod for producing
fatty acid alkyl esters and/or glycerin, wherein the metallic
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element belonging to the Group 12 is zinc element is part of
preferable embodiment of the present invention.

As the above-mentioned metallic element belonging to the
Group 4, one or more elements among titanium element, zirconium
element, and hafnium element are preferred.

The above-mentioned tetravalent transition metallic
element is not especially limited and may be any transition
metallic elements which can be tetravalent. Preferred are one
or more elements among titanium element, zirconium element,
hafnium element, vanadium element, niobium element, tantalum
element, chromiumelement, molybdenumelement, tungstenelement,
manganese element, rhenium element, iron element, ruthenium
element, osmium element, cobalt element, nickel element,
palladiumelement, platinumelement, ceriumelement, and terbium
element.

As the above-mentioned metallic element belonging to the
Group 4 and the above-mentioned tetravalent transitionmetallic
element, themetallic elements mentioned above canbe preferably
used, respectively. BAmong them, titanium element or zirconium
element is preferred in both metallic elements, because such
an element enables the metallic element belonging to the Group
12 tobe fixed stably and enables the tetravalent toexist stably.
That is, it is preferable that the catalyst is an oxide containing
a metallic element belonging to the Group 12, and Ti or Zr.

The catalystmaybe the oxide containingametallic element
belonging to the Group 12 and a metallic element belonging to
the Group 4, or the mixed oxide containing a metallic element
belonging to the Group 12 and a tetravalent transition metallic
element. Andthe oxidemay contain one or more kinds ofmetallic
elements belonging to the Group 12 and/or contain one or more
kinds of metallic elements belonging to the Group 4, and the
mixed oxide may contain one or more kinds of metallic elements
belonging to the Group 12 and/or contain one or more kinds of
tetravalent metallic elements. As a ratio of the

above-mentioned metallic element belonging to the Group 12 to
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themetallicelementbelongingto the Group4ortothetetravalent
metallic element, it is preferable that an atomic ratio of the
metallicelementbelonging tothe Group 12 to themetallicelement
belonging to the Group 4 or to the tetravalent metallic element
is 0.05 or more and 10 or less. If the atomic ratio is less
than 0.05, improvement effect of the catalyst activity may be
insufficiently exhibited. If the atomic ratio is more than 10,
leaching of the active metal components (the metallic element
belonging to the Group 12, the metallic element belonging to
the Group 4, and the tetravalent transition metallic element)
of the catalyst into a reaction mixture may be insufficiently
suppressed. Preferably, the atomic ratio is 0.1 or more and
5 or less. More preferably, the atomic ratio is 0.2 or more
and 4 or less.

The oxide catalyst containing the metallic element
belonging to the Group 12 and the metallic element belonging
to the Group 4 is not especially limited as long as the catalyst
isanoxide containingtheaboveelements. Suchanoxidecatalyst
is preferably a mixed oxide, a mixture of a single oxide or the
like, for example. Among them, such an oxide cétalyst is
preferably a mixed oxide containing the metallic element
belonging to the Group 12 and the metallic element belonging
to the Group 4, because the activity as a catalyst is high and
the metallic element belonging to the Group 12 can be stably
fixed. As mentioned above, the method for producing fatty acid
alkyl esters and/or glycerin, wherein the oxide is a mixed oxide
is part of preferable embodiment of the present invention.

The above-mentioned mixed oxide may be crystallized or
not crystallized, but preferably crystallized. And the
crystallizedmixed oxide has a structure containing themetallic
element belonging to the Group 12, and the metallic element
belonging to the Group 4 or the tetravalent transitionmetallic
element in its crystal lattice. If the mixed oxide is
crystallized, leaching of the metallic element belonging to the
Group 12, and the metallic element belonging to the Group 4 or
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the tetravalent transition metallic element, which are active
metal components, can be sufficiently suppressed, and therefore
the catalyst can be more stable and has more improved catalyst
activity and life.

A form of the mixed oxide is not especially limited. For
example, the following forms may be mentioned: a form, in which
the metallic element belonging to the Group 12, and themetallic
element belonging to the Group 4 or the tetravalent transition
metallic element are bonded by covalent bond with an oxygen atom
therebetween; a form, in which the metallic element belonging
to the Group 12, and the metallic element belonging to the Group
4 or the tetravalent transition metallic element are bonded,
and the bonded elements and an oxygen atom are bonded by covalent
bond; and a composite of oxides of the metallic element belonging
to the Group 12, and the metallic element belonging to the Group
4 or the tetravalent transition metallic element, and solid
solution thereof. A form, in which a mixed oxide, a complex
and the like is carried or immobilized on a carrier, may be also
mentioned. Examples of the carrier include silica, alumina,
silica—-alumina, various zeolites, activated carbon, kieselguhr,
zirconium oxide, rutile type titanium oxide, tin oxide, and lead
oxide.

The oxide contains Zn,MO, (in the formula, M represents
Ti and/or Zr; x is a number of 0.05 or more and 10 or less; and
nisanumberdeterminedsuchthatznMO,iselectricallyneutral).

The above-mentioned x is preferably 0.05 or more and 10
or less, more preferably 0.1 or more and 5 or less, and most
preferably 0.2 or more and 4 or less.

The oxide ispreferably ZnZr0s;, ZnTiOs, Zn,TiO4, Znz/3Ti0s/3,
or ZnsTiOs. It is more preferably ZnZr0Os, ZnTiOs, ZnpTiO4, oK
Zny/3Ti0g/3, and still more preferably, ZnZr0Os, ZnTiOs, Oor Zn,Ti0y,
andmost preferably ZnZr0Os and Zn,;TiOs. The Znz,/3Ti0g/3used herein
is synonymous with Zny,Ti30s. That is, the general formula ZnMO,
includes ZnyxyMyOnxy, in which a ratio of each constituent atom
is an integer ratio. Thus, the method for producing fatty acid
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alkyl estersand/or glycerin, wherein the oxide contains at least
one selected from the group consisting of ZnZr0s, ZnTi0s, Zn-TiO,,
Zng;3Ti0g/3, and Zn,TiOs, is part of preferable embodiment of the
present invention.

It is preferable that the oxide is cubic. The term “cubic”
usedhereinmeans acrystal systemsatisfyinga=b=Cand o=p=y=90°
if crystallographic axes of aunit cell of a crystal are defined
as a, b, and ¢, and the axial angles are defined as o, B, and
Y.

If the oxide has such a structure, both of the metallic
element belonging to the Group 12, and the metallic element
belonging the Group 4 or the tetravalent transition metallic
element are stabilized. If oxide has such a structure, the
catalyst has sufficient immobility to any of a fat or oil, an
alcohol, whichare rawmaterials, and a product (fattyacidalkyl
esters, glycerin and the like), and the catalyst life is
remarkably improved. Therefore, in the production method of
the present invention, recycling efficiency of the catalyst is
more improved and a catalyst separation and removal step can
be remarkably simplified or omitted. Therefore, utility costs
and equipment costs are sufficiently reduced. Examples of the
cubic oxide include ZnZr0Os, ZnTiO3; (spinel type), Zn,TiO4, and
Zn,Tis30q.

It is preferable that the oxide has a spinel structure
in the cubic structure. The spinel structure is a general term
foramixedoxide representedbythe formulaAB,0s,. Andthespinel
structure means a normal spinel structure that is a cubic closed
packed structure of oxide ions with one-eighth of tetrahedral
holes regularly occupliedbyA ions and one-half of the octahedral
holes regularly occupied by B ions, or means an inverse spinel
structure that is a close-packed cubic lattice of oxide ions
with the tetrahedral holes occupied by half of B ions, and the
octahedral holes occupied by A ions and the rest of the B ions.
The spinel structure may have a defect. A metal oxide having

such a structure preferable has titanium as at least one of A
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and B in the above formula. For example, Zn,TiO4s, and spinel
type ZnTiOs; are preferred. Among them, a metal oxide having
a spinel structure containing titanium and a metallic element
belonging to the Group 12 are preferred. In addition, ZnTiOs
(spinel type) isnot distinguished from ZnTiOshaving an ilmenite
structure in view of composition formula, but having a lattice
defect, ZnTiOs (spinel type) is an oxide having not an ilmenite
structure but a spinel structure. The catalyst containing such
a metal oxide is part of preferable embodiment of the present
invention. If the catalysthas a spinel structure, the catalyst
is preferable as a catalyst because it can exhibit higher

thermostability and can be more stabilized than the catalyst
having an ilmenite structure. Furthermore, leaching of the
active component is more sufficiently suppressed, which permits
sufficient exhibition of functional effects of the present

invention. Itismorepreferablethat themetal oxideis Zn,Tioy.

The catalyst containing such a metal oxide exhibits
activity higher than that of titanium oxide, silica-carried
titanium oxide or the like. Therefore, according to the
producing method of the present invention, recyclingefficiency
of the catalyst is improved and thereby utility costs and
equipment costs are sufficiently reduced, which permits highly
selective production of fatty acid alkyl esters and/or glycerin
with high yield. Powder X-ray diffraction analysis (XRD) can
show whether the catalyst is cubic, specifically the catalyst
has a spinel structure and the like.

The crystal structure of the catalyst according to the
present invention is not especially limited unless functional
effects of the present invention are accomplished. And the
catalyst may have a structure other than the above-mentioned
structure. The catalyst preferably has a rutile structure or
a wurtzite structure, for example. Furthermore, the catalyst
has a crystal structure not specified. The catalyst having a
crystal structure not specified may be, for example, ZnsTiOs.

If the catalyst (IV) is used, a fat or oil and an alcohol
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are contacted with each other in the presence of a metal oxide
containing zirconium and at least one metallic element selected
from the group consisting of metallic elements belonging to the
Groups 4, 5 and 8 as an essential component. In such a production
method, a reaction can be performed with high efficiency because
a metal oxide (hereinafter, referred to also as "metal oxide
catalyst") containing zirconium and the above-mentioned
metallic element, which is used as a catalyst, sufficiently
suppresses leachingof activemetal components and exhibits high
catalyst activity. Thus, preferred embodiment of the present
inventionincludes amethod for producing fattyacidalkyl esters
and/or glycerin comprising a step of bringing a fat or oil into
contact with an alcohol in the presence of a catalyst,

wherein the catalyst is ametal oxide containing zirconium
and at least one metallic element selected from the group
consisting of metallic elements belonging to the Groups 4, 5
and 8.

The above-mentioned metal oxide is not especially limited
as long as it contains the above-mentioned essential components,
and may be, for example, a mixture of a single oxide or a mixed
oxide, or contain an active component carried or immobilized
on a carrier. And the metal oxide may be also in the form, in
which one of the above-mentioned essential components is used
as the carrier and the other component is carried or immobilized
as theactive component. Suchanembodiment ispartofpreferable
embodiment.

Examples of the carrier on which the active component is
carriedor immobilized include silica, alumina, silica-alumina,
various zeolites, activatedcarbon, kieselguhr, zirconiumoxide,
rutile type titanium oxide, tin oxide, lead oxide. And in
particularly, zirconiumoxide is preferablyused as the carrier.
Among them, the above-mentioned metal oxide is preferably in
the form, in which zirconium oxide is used as the carrier, and
a single or mixed oxide of at least one metallic element selected

from the group consisting of metallic elements belonging to the
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Groups 4, 5 and 8 is used as the active component, and the active
component is carried or immobilized on the carrier. Use of
zirconium oxide as the carrier permits exhibition of higher
activity as compared with cases where a silica carrier is used
as a carrier on which oxides of the above-mentioned metallic
element, such as titanium oxide, or the above-mentioned active
metallic element, such as silica-carried titanium oxide is
carried or immobilized, and also extends life of a vanadium
catalyst generally having a short life. Therefore, recycling
efficiency of the above-mentioned catalyst is improved and
thereby utility costs and equipment costs are sufficiently
reduced, which permits highly selective productionof fattyacid
alkyl esters and/or glycerin with high yield.

The above-mentioned zirconium oxide preferably has a
monoclinic structure. Suchmonoclinic zirconiumoxide further
improves the catalytic activity, and suppresses leaching of the
above-mentioned metallic element which is the active metal
component. That is, it is part of preferable embodiment that
the catalyst contains zirconium oxide having a monoclinic
structure as an essential component.

In the above-mentioned metal oxide, the above-mentioned
at least onemetallic element selected form the group consisting
of metallic elements belonging to the Groups 4, 5 and 8 is
preferably a single ormixed oxide as mentioned above. Themixed
oxide may be a mixed oxide of the at least one metallic element
selected formthe group consistingofmetallicelementsbelonging
to the Groups 4, 5and 8, and other metallic elements. The single
or mixed oxide more preferably contains at least one metallic
element selected from the group consisting of Ti, V, and Fe.
And it is particularly preferable that Ti is essentially
contained. Specific examples of the mixed oxide containing Ti
include titanium oxide such as anatase type TiO; and rutile type
TiO,, titania silica, titania zirconia, titania magnesia,
titania calcia, titania yttria, titania boria, titania-tin

oxide; titanium vanadium mixed oxide such as TiVO4; vanadium
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oxide; iron vanadium mixed oxide such as FeVO4; cobalt vanadium
mixed oxide such as Co,V,07; cerium vanadium mixed oxide such
as CeV0,; zinc vanadiummixed oxide, nickel vanadiummixedoxide,
copper vanadium mixed oxide, scandium vanadium mixed oxide,
yttrium vanadium mixed oxide, lanthanum vanadium mixed oxide,
tin vanadium mixed oxide, lead vanadium mixed oxide, antimony
vanadium mixed oxide, bismuth vanadium mixed oxide, selenium
vanadiummixedoxide, telluriumvanadiummixedoxide; ironoxide.
Thesemay be used singly or in combination of two or more species.
Among them, anatase type Ti0;, rutile type TiO2, and iron vanadium
mixed oxide are preferred. Rutile type TiO; and triclinic FeVO,
are more preferred.

The mixed oxide may be in any form, and the following forms
may be mentioned: a form in which a first atom and a second atom
are bonded by covalent bond with an oxygen atom therebetween;
a form, in which a first atom and a second atom are bonded, and
the bonded atoms and an oxygen atom are bonded by covalent bond;
and a composite of an oxide of a first atom and an oxide of a
second atom and solid solution thereof.

It is preferable that the catalyst contains a metal oxide
having a triclinic structure as an active component. The
triclinic structure means a crystal system which has all the
threecrystallographicaxesobliquelycrossingwithone another,
the lengths of the crystallographic axes being different from
one another, and has a triclinic lattice. Among them, the metal
oxide is preferably an oxide containing iron, vanadium, and
zirconium, in which triclinic FeVO4, mixed oxide is carried or
fixed on zirconium oxide.

The above-mentioned oxide containing iron, vanadium, and
zirconium may be, other than the above oxide, an oxide, in which
iron vanadium mixed oxide, which is not triclinic, is carried
or fixed on zirconium oxide, or a ternary mixed oxide containing
iron, vanadium, and zirconium. They are part of preferable
embodiment of the present invention. Useof theoxidecontaining

iron, vanadium, and further zirconium suppresses leaching of
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the active component and thereby extends the catalyst life, as
compared with common oxides containing iron and vanadium.
If the above-mentioned metal oxide is a mixed oxide of
zirconium and the above-mentioned metallic element, the mixed
oxide is preferably Zro.5Ti00.502 (slyrankite). Such a form, in
which the above-mentioned catalyst has a Zro.5T100.502
(slyrankite) structure, is part of preferable embodiment of the
present invention. The slyrankite structure means the
structure as mentioned above. It canbedeterminedusing powder
X-raydiffractionmeasurement (XRD) whether the above-mentioned
catalyst has monoclinic zirconium oxide, triclinic mixed oxide
of iron and vanadium, or Zr,.sTi00.50; (slyrankite) structure.
The content of the zirconium in the above~-mentioned metal
oxide has a lower limit of 1% by weight, and an upper limit of
80% by weight as ametal, relative to 100% by weight of the total
amount of the catalyst of the present invention. If the content
is less than 1% by weight, the metal oxide may neither exhibit
highactivitynor suppress leaching toarawmaterial or aproduct
sufficiently. If the content is more than 80% by weight, high
activity may not be exhibited any more. More preferably, the
lower limit is 2% by weight and the upper limit is 75% by weight.
And the content of the above-mentioned at least one
metallic element selected from the group consisting of metallic
elements belonging to the Groups 4, 5, and 8 has a lower limit
of 1% by weight and an upper limit of 80% by weight as a metal,
relative to 100% by weight of the total amount of the catalyst
of the present invention. If the content is less than 1% by
weight, insufficient catalyst activitymay not improve reaction
efficiency. If it exceeds 80% by weight, the oxide of the
metallic element agglutinates on the carrier, and thereby the
metal oxide may not exhibit high activity sufficiently, and
exhibition of functional effects attributed to the presence of
the zirconium may be insufficient. More preferably, the lower
limit is 2% by weight and the upper limit is 75% by weight. The
content of the metallic element can be determined by X-ray
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fluorescence (XRF) analysis.

If the catalyst (V) is used, a fat or oil, and an alcohol
are contacted with each other in the presence of a metal oxide
containing anatase type titanium oxide and/or rutile type
titaniumoxide. Areactioncanbeperformedwithhighefficiency
because such a catalyst containing crystalline titanium oxide
sufficiently suppresses leaching of the titanium component,
which is an active component, and improves the catalyst activity
and the catalyst life sufficiently. Thus, preferredembodiment
of the present invention includes a method for producing fatty
acid alkyl esters and/or glycerin comprising a step of bringing
a fat or oil into contact with an alcohol in the presence of
a catalyst,

wherein the catalyst is a metal oxide containing anatase
type titanium oxide and/or rutile type titanium oxide, and the
catalyst contains a sulfur component of 700 ppm or less.

Content of titanium contained in the above-mentioned
catalyst suitably has a lower limit of 0.5% by weight, and an
upper limit of 60% by weight. The lower limit ismorepreferably
1% by weight and still more preferably 2% by weight. The upper
limit ismore preferably 45% by weight, and still more preferably
30% by weight.

Other catalysts may be used in combination with the
above-mentioned catalysts (I) to (V) in the production method
according to the present invention. The above-mentioned
catalyst may be used singly or in combination of two or more
of the catalysts. And the catalysts may contain impurities and
other componentsproduced inthecatalystpreparationstepunless
effects of the present invention are accomplished.

The terms “anatase structure” and “rutile structure” mean
a crystal structure belonging to the tetragonal system and are
formed by a compound represented by AB; (A: positive atom, B:
negative atom). In such crystal structure, A atom is
octahedrally coordinated by B atom. In the anatase structure,

resulting octahedrons form a skeletal structure as a result of
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eachoctahedronsharing 4 edgeswitheachneighboringoctahedron.
In the rutile structure, resulting octahedrons form a skeletal
structure as a result of each octahedron sharing 2 edges with
each neighboring octahedron. Such compounds having the rutile
structure can be obtained by calcinating compounds having the
anatase structure.

Powder X-ray diffraction measurement (XRD) can show
whether the catalyst contains the anatase type titanium oxide
and/or the rutile type titanium oxide.

The catalyst may contain a single oxide or a mixed oxide
other than the anatase type titanium oxide and/or the rutile
type titaniumoxide. Andthe catalystalsomaycontainthe above
titanium oxide as a carrier or an active component, the active
component beingcarriedor immobilizedonthecarrier. Examples
of the carrier include silica, alumina, silica-alumina, various
zeolites, activated carbon, kieselguhr, zirconium oxide, tin
oxide, leadoxide, other than the above-mentionedtitaniumoxide.

It ispreferably that the above-mentionedcatalyst further
contains an oxide of at least onemetallic element selected from
the group consistingofmetallicelementsbelonging to the Groups
4, 13, and 14. For example, it is preferable that the catalyst
is amixture of the oxide and the above-mentioned titaniumoxide,
or contains the oxide or the above-mentioned titanium oxide as
a carrier or an active component, the active component being
carried on the carrier.

It is most preferable that the catalyst contains an oxide
of at least one metallic element selected from the group
consisting of metallic elements belonging to the Groups 4, 13,
and 14 as a carrier, and contains anatase type titanium oxide
and/or rutile type titanium oxide as an active component. Use
of such a catalyst can sufficiently suppress leaching of the
titanium component, which is the active component, and improves
the catalyst activity and the catalyst life. Therefore, such
a catalyst may be most preferably used for the production method

of the present invention.
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The above-mentionedoxide containingat least onemetallic
element selected from the group consisting of metallic elements
belonging to the Groups 4, 13, and 14 is preferably a single
oxide of these metallic element, a mixture thereof, or a mixed
oxide of thesemetallic elements. Themixed oxide maybe amixed
oxide of at least one metallic element selected from the group
consisting of metallic elements belonging to the Groups 4, 13,
and 14, and other metallic elements. The single or mixed oxide
of the metallic elements more preferably contains at least one
metallic element selected from the group consisting of Si, Zr,
and Al. For example, silica, alumina, silica-alumina, and
zirconium oxide may be mentioned.

The oxide of at least one metallic element selected from
the group consistingofmetallicelementsbelonging to the Groups
4, 13, and 14 may contain amorphous titanium oxide, or a mixed
oxide consisted of titanium and a metal other than titanium,
but contain no anatase type titanium oxide and/or rutile type
titanium oxide.

In the above-mentioned catalyst, content (not including
titaniumcontent constitutinganatase type titaniumoxide and/or
rutile type titanium oxide) of the at least onemetallic element
selected fromthe group consistingofmetallicelementsbelonging
to the Groups 4, 13, and 14 has a lower limit of 1% by weight
and an upper limit of 80% by weight inmetal conversion, relative
to the total amount of the catalyst 100% by weight. Use of the
catalystcontainingmetallicelementwithintherangecan further
improve the catalyst activity and the reactionefficiency, which
allows sufficient exhibitionof functional effectsof thepresent
invention. More preferably, the lower limit is 2% by weight
and the upper limit is 75% by weight. The content of metallic
element can be determined by X-ray fluorescence (XRF) analysis.

The catalyst preferably contains a sulfur component of
700 ppm or less. If the catalyst contains a sulfur component
of 700 ppm or more, the catalyst activity and the catalyst life

might be insufficiently improved. Therefore, functional effects
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of the invention, in which the catalyst separation, removal,
and recovery steps can be remarkably simplified or omitted and
the catalyst can be repeatedly used for continuous reactions,
might not be exhibited. The content of sulfur components is
preferably 500 ppm or less, and more preferably 200 ppm or less.
The content of sulfur components inthe catalyst canbedetermined
by fluorescence X rays (XRF) analysis or high frequency induction
plasma (ICP) emission spectrometry. According toXRFanalysis,
the component can be determined by measuring a catalyst powder
as it is or by a glass bead method. According to ICP emission
spectrometry, the component can be determined by measuring a
catalyst powder after being dissolved in a hydrofluoric acid
aqueous solution. However, the sulfur component is preferably
determined by a glass bead method of XRF, in view of ease of
measurement.

For reducingthe sulfur component containedinthecatalyst,
for example, the catalyst may be prepared using no sulfate as
arawmaterial, or using sufficiently reduced amount of sulfate,
or washed with sufficient amount of a solvent such as water.

A calcined metal oxide may be used as the above-mentioned
catalysts (catalysts (I) to (V)), which can further suppress
leaching of the active metal component. The calcination
temperature is preferably determined in consideration of the
catalyst surface area and the crystal structure, and preferably
has a lower limit of 280°C and an upper limit of 1300°C, for
example. If the temperature is less than 280°C, suppression
of the leaching may be insufficient, for example the catalyst
containsmore amorphoustitaniumoxide. Ifitismorethanl300°C,
sufficient catalyst surface area might not be obtained
sufficiently, which fails to produce fatty acid alkyl esters
and/or glycerin with high efficiency. More preferably, the
lower limit is 400°C, and the upper limit is 1200°C. The
calcination time preferably has a lower limit of 30 minutes and
an upper limit of 24 hours. More preferably, the lower limit

is 1 hour, and the upper limit is 12 hours. Gas phase atmosphere
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duringthecalcinationispreferablyair, nitrogen, argon, oxygen,
and hydrogen atmosphere, and also mixed gas thereof. And more
preferably, the calcination is carried out under air or nitrogen
atmosphere. Particularly if a metal species constituting the
ilmenite structure in the metal oxide is oxidized by oxygen in
airwhencalcinedinair atmosphere, themetal oxide ispreferably
calcined in inert gas atmosphere, such as innitrogen atmosphere
in view of stability of the ilmenite crystal structure. If the
catalyst, in which the active component consisted of a single
or mixed oxide of the metallic element is carried or immobilized
on the carrier, is produced, as mentioned above, the catalyst
is preferably produced by mixing and carrying the active
component on a compound used as a carrier by an impregnation
method or a kneading method and the like, and then by calcinating
the compound under the above-mentioned calcination conditions.
Thus-produced catalyst can disperse the active component
sufficiently over the carrier surface to function as a solid
catalyst.

Furthermore, the above-mentioned catalyst preferably has
insolubility to any of a fat or oil, an alcohol, and a product
(fatty acid alkyl esters, glycerin and the like) under reaction
conditions (hereinafter referred also to as “insoluble
catalyst”). Inthereactionofbringingafatoroil intocontact
with an alcohol in the presence of the catalyst, the reaction
mixturewill separates into two phases as the reaction proceeds:
one (ester phase) mainly containing a fatty acid alkyl ester;
and the other (glycerinphase) mainly containing glycerin, which
is a byproduct. In this case, both phases contain the alcohol,
and as a result, the fatty acid alkyl ester and the glycerin
distribution into two phases. If the alcohol is removed by
evaporation in the absence of the catalyst, mutual solubility
of the upper layer mainly containing the fatty acid alkyl ester
and the lower layer mainly containing the glycerin decreases,
which accelerates the separation of the fatty acid alkyl ester

from the glycerin. Therefore, recovery ratio can be improved.
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If the active metal component leaches out from the catalyst,
a reverse reaction proceeds in the above-mentioned step and
thereby yield of the fatty acid alkyl ester decreases because
transesterification is a reversible reaction. As mentioned
above, the phase separation after removing the alcohol from the
reaction mixture by evaporation in the absence of the catalyst
brings about easy purification and high isolated yield during
the productionmethodof fattyacidalkyl esters and/or glycerin.
That is, preferable embodiment of the present invention includes
the production method comprises a step of bringing a fat or oil
and an alcohol in the presence of the catalyst, wherein the
catalyst is insoluble to any of the fat or oil, the alcohol,
and the product (fattyacidalkyl esters, glycerin and the like),
and the alcohol is removed by evaporation in the absence of the
catalyst before the ester phase and the glycerin phase, which
are reaction mixture, are separated. Furthermore, addition of
water in minute amounts further improves the separation of the
fatty acid alkyl ester from the glycerin and the purification
thereof.

The term "the absence of the catalyst" so referred to above
means that the reaction product solution hardly contains an
insoluble solid catalyst and has a total concentration of active
metal components leached from the insoluble solid catalyst of
1000 ppm or less. The term “active metal component leached”
meansmetal components derived from the insoluble solid catalyst
eluted into the reaction solution and capable of serving as a
homogeneous catalyst with catalytic activity in a
transesterification and/or esterification under operation
conditions. The leached active metal component having a
concentration of more than 1000 ppm fails to suppress the reverse
reaction sufficiently in the above-mentioned alcohol-distilled
step. Therefdre, load of utility in the production can be
insufficiently reduced. The concentration is preferably 800
ppm or less, and more preferably 600 ppm or less, and still more
preferably 300 ppm or less. Most preferably, the reaction
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product solution substantially contains no active metal
component.

The leaching amount of the above-mentioned active metal
components of the catalyst in the reaction solution can be
determined by subjecting the reaction solution as it is to
fluorescent X-ray spectroscopy (XRF) analysis. Smaller
leaching amount is preferably determined by inductively coupled
plasma (ICP) emission spectrometry.

The method according to the present invention produces
fatty acid alkyl esters and/or glycerin with high efficiency,
as mentioned above, because the above-mentioned metal oxide has
the following characteristics: performing the esterification
reaction and transesterification simultaneously; having no
effect from the mineral acid or the metal component contained
in the fat or oil; and avoiding decomposition of the alcohol.
Such a catalyst used in the production method of the present
invention is part of the invention.

The method for producing fatty acid alkyl esters and/or
glycerin according to the present invention comprises a step
of bringing a fat or oil into contact with an alcohol in the
presence of the catalyst. In the contacting step,
transesterification reaction of a triglyceride and methanol,
for instance, gives a fatty acid methyl ester and glycerin, as
shown by the following formula.

i
CH,—0—C—R CH,—OH
i |
CH—O—C—R +3CH;-OH > 3R—C—O0—CH, + CH—OH
0O
I Fatty acid methyl ester ‘
CH;—0—C—=R  Methanol CH,—OH
A fat and oil Glycerin

(triglyceride)

in the formula, R’s are the same or different from each
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other and each represents an alkyl group containing 6 to 24 carbon
atoms or an alkenyl group containing 6 to 24 carbon atoms and
having one ormoreunsaturatedbonds. Morepreferably, thealkyl
group and the alkenyl group each contain 10 to 22 carbon atoms,
and still more preferably contain 12 to 22 carbon atoms.

In the production method, use of the above-mentioned
catalyst makes it possible to perform both the
transesterification and esterification reactions
simultaneously. Therefore, even if a fat or oil, which are raw
materials, containa free fatty acid, yield of a fatty acid alkyl
ester can be improved without carrying out the esterification
reaction and the transesterification separately, because the
esterification reaction of the free fatty acid proceeds
simultaneously in the transesterification step.

In the above production method, glycerin is produced in
the transesterificationreactiontogetherwitha fattyacidalkyl
ester, as shown by the above formula. In the present invention,
purified glycerin can be easily produced as an industrial scale,
and such glycerin is useful as a chemical material in various
applications.

The fat or oil used in the above-mentioned contacting step
contain a fatty acid ester of glycerin and may be any species
capable of serving as a rawmaterial for a fatty acid alkyl ester
and/or glycerin togetherwithanalcohol. Thus, thosegenerally
called “fats and oils” may be used. It is generally preferred
that fats andoils containing triglycerides (triestersof higher
fatty acids with glycerin) as a main component and containing
small amounts of diglycerides, monoglycerides and other minor
components. Fattyacidestersof glycerinsuchastrioleinalso
may be used.

Usable as the above-mentioned fats and oils are vegetable
0oils such as rapeseed 0il, canola oil, sesame oil, soybean oil,
corn oil, sunflower oil, palmoil, palm kernel oil, coconut oil,
safflower o0il, linseed oil, flaxseed oil, cottonseed oil, tung

0il, jatropha oil, castor oil, hemp oil, mustard oil, peanut
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oil and jojoba oil; animal fats and oils such as beef fat, lard,
fish oil and whale oil; and various used edible fats and oils
(waste cooking 0il), among others. One or two or more of these
may be used. These fats and oils may contain organic acid, and
may be subjected to a pretreatment such as deacidification.

If the above fat or oil contains phospholipids, proteins
or the like as impurities, the fat or oil is preferably used
after a dequmming step of adding a mineral acid such as sulfuric
acid, nitric acid, phosphoric acid or boric acid to the fat or
oil for removing the impurities therefrom. According to the
method for producing fatty acid alkyl esters and/or glycerin
of the present invention, performance of the catalyst is hardly
inhibited by themineral acid in the reaction. Therefore, fatty
acid alkyl esters and/or glycerin can be produced efficiently,
even if the fat or oil after the degumming step contains the
mineral acid.

The alcohol used in the above contacting step preferably
has 1 to 6 carbon atoms and more preferably 1 to 3 carbon atoms,
for production of biodiesel fuel. Employable as the alcohol
containingl to 6carbonatomsare, for example, methanol, ethanol,
propanol, isopropyl alcohol, l-butanol, 2-butanol, t-butyl
alcohol, l-pentanol, 3-pentanol, l-hexanol, 2-hexanol. Among
them, methanol is preferred. These may be used singly or in
combination of two or more species.

A polyol is also preferable as the above alcohol if the
alcohol is used for production of edible oils, cosmetics,
medicines and the like.

The above polyol may be preferably ethylene glycol, propylene
glycol, glycerin, pentaerythritol, sorbitol or the like.
Among them, glycerin is preferred. These may be used singly
or in combination of two or more species. Thus, if the polyol
is used as the above alcohol, the method for producing fatty
acid alkyl esters according to the present invention may be
suitably employed for production of glycerides.

In the above method for producing fatty acid alkyl esters
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and/or glycerin, components other thanthe fatoroil, thealcohol,
and the catalyst may be present.

The alcohol is used in the amount of 1 to 10 times the
amount of theoretically needed alcohol in the reaction of the
fat or oil and the alcohol. If the amount is less than 1 time,
improvement of conversion rate may be insufficient because of
insufficient reaction of the fat or oil with the alcohol. If
the amount is more than 10 times, excess alcohol to be recovered
or to be recycled may be increased, to thereby raise costs. The
amount to be used preferably has a lower limit 1.1 times the
amount of theoretically needed alcohol in the reaction, more
preferably 1.3 times, andmost preferably 1.5 times. The amount
to be used preferably has an upper limit 9 times the amount of
theoretically needed alcohol in the reaction, more preferably
8 times, and most preferably 6 times. The range of the amount
to be used is more preferably 1.1 times to 9 times the amount
of theoreticallyneededalcohol in the reaction, more preferably
1.3 times to 8 times, and most preferablyl.5 times to 6 times.

The term “amount of theoretically needed alcohol” means
the number of moles of the alcohol corresponding to the
saponification value of the source fat or oil, and the amount
can be calculated as follows:

[Amount of theoretically needed alcohol (kg)] = [(molecular
weight of alcohol)] x [amount to be used 6f fat or oil (kg) x
saponification value (g- KOH/kg-fat or oil)/56100].

If the polyol is used as the above alcohol, diglycerides
are produced suitably by the production method of fatty acid
alkyl esters according to the present invention. Such an
embodiment is part of preferable embodiment of the present
invention. The diglycerides produced in such a manner may be
suitably used in food fields, for example, as an additive for
improving a plasticity of fat or oil. If the diglyceride is
converted into an edible fat or oil and then the edible fat or
0il is mixed with wvarious foods, it exhibits effects, such as

prevention of obesity and inhibition of weight increase.
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Therefore, useof adiglyceride producedby the present invention
as an edible fat or oil is also part of preferable embodiment
of the present invention.

In the embodiment for producing diglycerides, a reaction
proceeds in the way shown by the following formula if glycerin

is used as the polyol, for example.
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in the formula, R’s are the same or different from each
other and each represents analkyl group containing 6 to 22 carbon
atoms or an alkenyl group containing 6 to 22 carbon atoms and
having one or more unsaturated bonds.

A preferable embodiment of the present invention for
producing diglycerides is a method comprising a production of
a mixture containing a monoglyceride and a diglyceride as main
components in advance, and then carrying out a reaction between
the mixture and a free fatty acid or an alkyl ester thereof,
which is added to the mixture, in the presence of lipase. Such
a method gives diglycerides with high selectivity.

The lipase is preferably immobilized lipase or
intracellular lipase. More preferably, the lipase is
immobilized lipase or intracellular lipase selectively acting
at the 1, 3-positions. The immobilized lipase is preferably
produced by immobilizing the 1,3-selective lipase onto an ion
exchange resin. Preferredexamplesof thel,3-selective lipase
include lipase derived from microorganism, such as the genus
Rhizopus, Aspergillus, Mucor, Rhizomucor, Candida, Thermomyces,
or Pseudomonas.

Any condition for allowing the lipase to act on a substrate
can be applied as long as good lipase activity is exhibited,
but the reaction temperature is preferably 10 to 100 °C, and
more preferably 20°C or more and 80°C or less.

A general method for producing diglycerides, which may
bementioned, is amethodcomprisinga firstreaction forreacting
a fat or oil with a polyol using a catalyst, and a second reaction
for allowing lipase to act on the producedmixture. Ifanalkali
is used as the catalyst in the first reaction, pH of the reaction
mixture needs to be adjusted after the completion of the first
reaction in order to be within a range suitable for activity
of the lipase inthe secondreaction. However, if theproduction
method of fatty acid alkyl esters according to the present
invention is employed as the first reaction, reaction processes

can be simplified because need for adjusting pH of the reaction
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mixture is little in the second reaction. As mentioned above,
it is part of preferable embodiment to use the production method
of fatty acid alkyl esters according to the present invention
as a method for producing diglycerides.

In the method for producing fatty acid alkyl esters and/or
glycerin according to the present invention, the reaction
temperature has a lower limit of 100°C and an upper limit of
300°C. If the reaction temperature is less than 100°C, reaction
rate might be insufficiently improved. If the reaction
temperature is more than 300°C, suppression of a side reaction,
such as alcohol decomposition, might be insufficient. More
preferably the lower 1imit ismore preferably 120°C and the upper
limit ismorepreferably270°C. Stillmorepreferably, the lower
limit is 150°C and the upper limit is 235°C.

In the method for producing fatty acid alkyl esters and/or
glycerin, the catalyst preferably contains an active component
not leaching in the reaction temperatureswithin the above range.
Use of such a catalyst can maintain the catalyst activity even
in high reaction temperatures, and perform the reaction well.

In the method for producing fatty acid alkyl esters and/or
glycerin according to the present invention, the reaction
pressure preferably has a lower limit of 0.1 MPa and an upper
limit of 10 MPa. If the reaction pressure is less than 0.1 MPa,
reaction rate might be insufficient. If the reaction pressure
is more than 10MPa, a side reactionmight tend to proceedeasily.
In addition, a special apparatus durable for high pressures may
be needed, hence utility costs and equipment costs might not
be reduced enough. The lower limit of the reaction pressure
is more preferably 0.2 MPa, and still more preferably 0.3 Mpa.
The upper 1limit is more preferably 9MPa and stillmorepreferably
8 MPa.

As mentioned above, the reaction can be carried out
efficiently even if the reaction temperature and pressure are
low enough, because of the use of the catalyst with high activity
in the method for producing fatty acid alkyl esters and/or
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glycerin of the present invention.

And the above catalysts (catalysts (I) to (V)) can be used
under supercritical condition of an alcohol to be used. The
term "supercritical state" means that a region over the specific
critical temperature and the critical pressure of a substance.
Ifmethanol isusedasthealcohol, thestatemeans the temperature
of 239°C or more and the pressure of 8.0 MPa or more. Use of
the catalyst permits efficient production of fatty acid alkyl
esters and/or glycerin even under the supercritical state.

In the method for producing fatty acid alkyl esters and/or
glycerin, the catalyst amount used in the reaction preferably
has a lower limit of 0.5% by weight and an upper limit of 20%
by weight, relative to the total fed amount of the fat or oil,
the alcohol and the catalyst, for example, in a batch method.
If the lower limit is less than 0.5% by weight, reaction rate
might be insufficiently improved. If the upper limit is more
than 20% by weight, catalyst costs might not be reduced enough.
The lower limit is more preferably 1.5% by weight, and the upper
limit is more preferably 10% by weight. In a fixed bed flow
system, a liquid hourly space velocity (LHSV) calculated by the
following formula preferably has a lower limit of 0.1 hr™* and
an upper limit of 20 hr™. More preferably, the lower limit is

0.2 hr™* and the upper limit is 10 hr™.

Still more preferably,
the lower limit is 0.3 hr™* and the upper limit is 5 hr™.

LHSV (hr™t)={ (flowrate of a fat or oil per hour (L * hr ™ty )+
(flowrateofanalcoholperhour (L - hr™))}/ (volumeofacatalyst
(L))

The above contacting step is preferably carried out by
abatch type (batch-wise) or continuous flowsystem. Amongthem,
afixedbed flowsystemispreferably employedbecause separation
of the catalyst is unnecessary. That is, the contacting step
is preferably carried out with a fixed bed and continuous flow
reactor. Andpreferredembodiment of the batch system includes
addition of the catalyst into a mixture of the fat or oil and

the alcohol.
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In the production method of the present invention, the
reaction mixture may contain an unreacted raw material, an
intermediate glyceride and the like because use of the catalyst
enables the reaction to be repeated. In this case, it is
preferable to recover the unreacted glyceride and the free fatty
acid, and to reuse the recovered glyceride and the free fatty
acid with the fat or oil. The recovery of such unreacted
glyceride and free fatty acid can be carried out, for example,
by removing low-boiling components, such as alcohol and water
fromthemixture after the reactioninthe absenceof thecatalyst,
and then separating the unreacted glyceride and the free fatty
acids from the effluent. This procedure makes it possible to
produce a high-purity fatty acid alkyl ester and glycerin with
high yield and to reduce purification costs more efficiently.

The fatty acid alkyl esters produced by the method
according to the present invention are used sﬁitably for various
uses as, for example, an industrial rawmaterial, a raw material
for pharmaceuticals, fuels and the like. Among them, diesel
fuel containing fatty acid alkyl esters made from vegetable fats
and oils, or waste cooking oil produced by the above production
method can sufficiently reduce utility costs and equipment costs
in the production step. Furthermore, no need for recovery step
of the catalyst permits a repeating use of the catalyst.
Therefore, diesel fuel can sufficiently contribute to
environmental preservation in the production step, and suitably
used for various applications. Suchdiesel fuel containing the
fatty acid alkyl ester produced by the above production method
is also part of the present invention.

Figs. 1 and 2 each show a preferable embodiment of the
production steps in the method for producing fatty acid alkyl
esters and/or glycerin according to the present invention.
However, the present invention is not limited to these
embodiments. Fig.l shows a step of bringing palm oil as the
fat or oil into contact with methanol as the alcohol by a batch
method in the presence of a catalyst. In such an embodiment,
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the palm oil and the methanol are mixed with the catalyst to
be subjectedtoreaction. Thisreactionmixture iskept standing
and separated into an ester phasemainly containing a fatty acid
methyl ester and a glyceride and a glycerin phase mainly
containing glycerin and methanol. Then, methanol and the
catalyst are added to the ester phase separated from the glycerin
phase to cause further reaction, and the obtained mixture is
separated into an ester phase and a glycerin phase. Then, a
fatty acid methyl ester and glycerin are finally produced.
In such an embodiment, the alcohol is preferably removed before
separating the reaction mixture into two phases and after
separating and removing the solid catalyst from the liguid phase
by, for example, a filtration step, because separation of the
fatty acid methyl ester and the glycerin can be improved.
It is preferable that thus-produced fatty acid methyl ester
and/or glycerin are further purified by distillation and the
like depending on purpose.

Fig. 2 shows a step of bringing palm oil as the fat or
0il, andmethanol asthealcohol intocontactwitha solidcatalyst,
by using continuous-flow fixed-bed reactor. The mixture
reacted in the reaction column filled with the catalyst is kept
standinginasettlertoseparateintoanesterphaseanda glycerin
phase. The ester phase separated from the glycerin phase is
further reacted withmethanol in the reaction column filled with
the catalyst to produce the reaction mixture. Then, methanol
is removing from the reaction mixture by evaporation, thus
obtained mixture is kept standing in the settler to separate
into an ester phase and a glycerin phase. Thereby, a fatty acid
methyl esterandglycerinare finallyproduced. It ispreferable
that thus-produced fatty acid methyl ester and/or glycerin are
further purified by distillation and the like depending on
purpose.

The present invention also relates to a catalyst for
producing fatty acid alkyl esters and/or glycerin, wherein the
catalyst is used in the method for producing fatty acid alkyl
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esters and/or glycerin. Such a catalyst is preferably at least
one of the following catalysts (I) to (V):

(I) a metal oxide having an ilmenite structure and/or a
slyrankite structure;

(II) an oxide containing a metallic element belonging to
the Group 12 and a metallic element belonging to the Group 4;

(ITI) amixedoxide containingametallicelementbelonging
to the Group 12 and a tetravalent transition metallic element;

(IV) a metal oxide containing zirconium and at least one
metallic element selected from the group consisting of metallic
elements belonging to the Groups 4, 5 and 8; and

(V) a metal oxide containing anatase type titanium oxide
and/or rutile type titaniumoxide, andthe metal oxide containing
a sulfur component of 700 ppm or less.

Among them, the catalyst is more preferably a metal oxide
havinganilmenite structure, or anoxidehavingacubic structure
and having metal elements belonging to the Groups 12 and 4. As
aconfiguration, structure, productionmethod, concrete example
and the like of the above catalyst, those mentioned above is
preferred. Most preferred are MnTiOs, CoTi0s, ZnTiOs, FeTiOs,
and NiTiOs; each having an ilmenite structure; cubic ZnZrOsz; and
7n,Ti0, having a spinel structure. If such a catalyst is used
in the above-mentioned production method, no leaching occurs
even if the catalyst is repeatedly used in the reaction, and
the catalyst canbe used for a long term. Anduse of the catalyst
can make the separation and removal step of the catalyst simple,
which is economically excellent.

The method for producing fatty acid alkyl esters and/or
glycerin according to the present invention has the
above-mentioned configurations. Therefore, the method has the
following advantages.

In view of simplification of the reaction processes,
(1) The separation and removal step of the catalyst can be
simplified or omitted;

(2) The neutralization and removal step of the free fatty acids,
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or the esterification step with the acid catalysts, is
eliminated;

(3) No saponification of the free fatty acids occurs; and
(4) Esterification of the free fatty acids in the fat or oil
proceeds simultaneously.

In view of simplification of the purification processes,
that is, easier production of purified glycerin,
(1)Thealcoholcanbeevaporatedafterseparationofthecatalyst,
and the distribution equilibrium of liquid-liquid two phases
can be improved (mutual solubility decreases) because of no
reverse reaction, and therefore, the product can be separated
well; and
(2) No leaching of the catalyst occurs and the catalyst life
can be extended, because the catalyst (at least one of the
above-mentioned catalysts (I) to (V)) uses the essential metal
component in the crystal lattice as an activate species; the
fatty acid alkyl ester can be produced with high selectivity,
because the degradation of the alcohol and/or glycerin by
dehydration or coking canbe negligible due to absence of strong
acid-site or base-site onthe catalyst surface; and the catalyst
is hardly affected by a small amount of the metal components

or the mineral acids used for the pretreatment.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a view schematically showing a preferable
embodiment of the production steps in the method for producing
fattyacidalkyl esters and/or glycerin according to the present
invention.

Fig. 2 is a view schematically showing a preferable
embodiment of the production steps in the method for producing
fattyacidalkyl esters and/or glycerin according to the present
invention.

BEST MODE FOR CARRYING OUT THE INVENTION

The present invention will, hereinafter, be described in
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moredetail with reference to Examples, but the present invention
is not limited to these Examples.

Conversion rates and yields were calculated according to
the following formulae.

(Conversion rate (%)) = (number of moles of consumed fat or oil
at the completion of a reaction) / (number of moles of fed fat
or oil) x 100 (%)

(Yieldofmethyl ester ($bymole)) = { (number of moles of produced
methyl ester at the completion of a reaction) / (number of moles
of fed effective fatty acids)} x 100 (%)

(Yield of diglycerides (% by mole)) = {[(number of moles of
produced diglycerides at the completion of a reaction) x 2] /
(number of moles of fed effective fatty acids)} x 100 (%)
(Yield of monoglycerides (% by mole)) = { (number of moles of
monoglycerides at the completion of a reaction) / (number of
moles of fed effective fatty acids)} x 100 (%)

(Yield of glycerin (% by mole)) ={ (number of moles of produced
isolation glycerin at the completion of a reaction) / (number
of moles of fed effective glycerin components)} x 100 (%)

The term “effective fatty acids” means triglycerides,
diglycerides, monoglycerides, and free fattyacidsof fattyacids
contained in the fat or oil. That is, the number of moles of
fedeffective fattyacidsis calculatedbythe following formula.
(Number of moles of fed effective fatty acids) =
[ (amount of fed fat or oil (g)) X (saponification value of fat
or oil (mg-KOH/g-fat or o0il))/56100]

The term “effective glycerin components” means those
components capable of producing glycerin by the method of the
present invention, and specifically, triglycerides
diglycerides, and monoglycerides of fatty acids contained in
the fatoroil. Thecontent of the effective glycerin components
canbe determinedbygas chromatography of free glycerinproduced
by saponification of the fat or oil (reactant).

Catalyst Preparation Example 1: Preparation of MnTiOz catalyst
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Manganese carbonate (MnCOs) 200 gandanatase type titanium
oxide (Ti0,) 150 gwere powder-mixed, and themixture was calcined
at 1000°C for 5 hours under air flow to give MnTiOs; catalyst
273 g. XRD analysis of the catalyst showed that the catalyst
had an ilmenite structure and contained small amount of rutile

type Ti0;.

Catalyst Preparation Example 2: Preparation of ZnTiOs (ilmenite
type) catalyst

Zinc oxide (ZnO) 20 gand anatase type titaniumoxide (Ti0)
20 g were powder-mixed. The mixture was calcined at 700°C for
4 hours under air flow to give ZnTiO; catalyst. XRD analysis
of the catalyst showed that the catalyst was ZnTiOs; having an

ilmenite structure.

Catalyst Preparation Example 3: Preparation of ZnzrOs catalyst
7inc nitrate (Zn(NOs),) 45 g and a 25% aqueous solution
of zirconium oxynitrate (ZrO(NOs).) 74g were mixed, and pure
water was added until the total amount became 300 mL. To this
agqueous solution was added 180mL of an aqueous solutionof 1lmol/L
oxalic acid, and then the mixture was stirred at 70°C for 3 days.
The precipitation generated was recovered by centrifugal
separation, and then the recovered precipitation was calcined
at 600°C for bhourstogive zinc zirconatecatalyst. XRD analysis
of the catalyst showed that the catalyst contained cubic ZnZrOs.

Catalyst Preparation Example 4: Preparation of ZnpTi0O, catalyst

7inc oxide (Zn0) 20 gand anatase type titaniumoxide (T10z)
10 g were powder-mixed. The mixture was calcined at 1000°C for
4 hours under air flow to give Zn,TiO4 catalyst. XRD analysis
of the catalyst showed that the catalyst was 7Zn,Ti04 having a
spinel structure.

Catalyst Preparation Example 5: Preparation of Fe-V-2r catalyst
Oxalic acid dihydrate 6.49 g was dissolved in water 46.84
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g, and thereto vanadiumpentaoxide 3.12 gwas added and uniformly
dissolved therein (solutionA). Iron (III) nitratenonahydrate
13.86gandzirconylnitrate (IV) dihydrate74.08 gweredissolved
in water 740 g, and thereto the solution A was added. Then the
mixture was stirred for 2 hours at room temperature. After
evaporation to dryness, the residue was preliminarily calcined
at 350°C under air flow for 2 hours and then calcined at 750°C
for 5 hours to give FeVZr.catalyst. Contents of iron, vanadium,
and zirconium were respectively 4.8% by weight, 4.4% by weight,
and 63.1% by weight in metal conversion, relative to 100% by
weight of the catalyst. XRD analysis of the catalyst showed
that the catalyst was principally a mixture containing a
composite oxide with a triclinic FeVO, structure and monoclinic
Zzirconium oxide.

Catalyst Preparation Example 6: Preparation of Ti-Zr catalyst

Zirconium oxide 60 g (RSC-HP, product of DAIICHI KIGENSO
KAGAKU KOGYO Co., LTD.) was kneaded in a solution prepared by
homogeneously dissolving titanium tetraisopropoxide 17 g in
isopropyl alcohol 2.3 g, and the mixture was then evaporated
to dryness with stirring. The residue was dried at 120°C for
overnight, and then calcined at 900°C for 3 hours under air flow
to give Ti-Zr catalyst. The catalyst was subjected to X-ray
fluorescence analysis by a glass bead method to find that sulfur
component was 50 ppm or less, which was blow detection limit
and that contents of titanium and zirconium were respectively
4.4% by weight and 68.6% by weight in metal conversion, relative
to 100% by weight of the total amount of the catalyst. XRD
analysis of the catalyst showed that the catalyst contained

rutile type titanium oxide and monoclinic zirconium oxide.

Catalyst Preparation Example 7: Preparation of Ti-Si catalyst
(Synthetic Example using titanium tetraisopropoxide)

Silica powder 25 g (CARIACT Q-50, product of Fuji Silysia
Chemical Ltd., particle diameter of 75 to 180 um) was kneaded



PCT/@P200A/303512

WO 2006/088254 PCT/JP2006/303512

10

15

20

25

30

35

43

in a solution prepared by diluting titanium tetraisopropoxide
7.1 g with isopropyl alcohol 11.5 g, and the mixture was then
evaporated to dryness with stirring. The residue was calcined
at 600°C for 4 hours under air flow to give Ti~Si catalyst. The
catalyst was subjected to X-ray fluorescence analysisbya glass
bead method to find that sulfur component was 50 ppm or less,
which was below detection limit, and that contents of titanium
and silicon were respectively 4.4% by weight and 43.3% by weight
in metal conversion, relative to 100% by weight of the total
amount of the catalyst. XRD analysis of the catalyst showed
that the titanium oxide contained in the catalyst was anatase

type.

Catalyst Preparation Example 8: Preparation of Ti-Si catalyst
(Synthetic Example using titanium oxysulfate)

Silica powder 80 g (CARiACT Q-50, product of Fuji silysia
Chemical Ltd., particle diameter of 75 to 180 pum) was kneaded
in a solution prepared by dissolving titanium oxysulfate 14.5
g (Ti content: 33.21% by weight as Ti0,) in water 140 g, and
the mixture was then evaporated to dryness with stirring. The
residue was calcined at 600°C for 4 hours under air flow and
sufficiently washedwith water and dried to give Ti-Si catalyst.
The catalyst was subjected to X-ray fluorescence analysis by
a glass bead method to find that sulfur component was 50 pprm
or less, whichwasbelowdetectionlimit, andcontentsof titanium
and silicon were respectively 3.4% by weight and 44.1% by weight
in metal conversion, relative to 100% by weight of the total
amount of the catalyst. XRD analysis of the catalyst showed
that the titanium oxide contained in the catalyst was anatase

type.

Catalyst Preparation Example 9: Preparation of Ti-Al catalyst
a-alumina 30 g (SA5151, product of SAINT-GOBAIN) was

impregnated with a solution prepared by diluting titanium

tetraisopropoxide 2.4 g with isopropyl alcohol 5.0 g, and the
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mixture was then evaporated to dryness with stirring. The

residue was dried at 120°C for overnight, and then further

calcinedat 900°C for 3hoursunderair flowtogive Ti-Al catalyst.
The catalyst was subjected to X-ray fluorescence analysis by
a glass bead method to find that sulfur components was 50 ppm
or less, whichwasbelowdetectionlimit, andcontentsof titanium
and aluminum were respectively 4.4% byweight and 51.8% by weight
in metal conversion, relative to 100% by weight of the total
amount of the catalyst. XRD analysis of the catalyst showed
that the titanium oxide contained in the catalyst was rutile

type.

Catalyst for comparison Preparation Example 1: Preparation of
7znAl,0, catalyst

Zincoxide 63.8 gandalumina gel containingalumina 136.2g
weremixaﬂinanaqueoussolutionofnitricacid,andthendxture
was calcined at 400°C for 2 hours. XRD analysis of the residue
showed that the residue contained ZnAl,04 in the crystal
structure.

Catalyst for comparison Preparation Example 2: Preparation of
TivO, catalyst

A20% aqueous solutionoftitaniumtrichloride (III) 169.66
g was added dropwise into a solution prepared by dissolving
ammonium metavanadate 25.74 g into distilled water 700 g at 90°C.
After evaporation to dryness, the residue was preliminarily
calcined at 350°C under air flow for 2 hours and then calcined
at 750°C for 5 hours. XRD analysis of the residue showed that

the residue contained TiVO, having a rutile structure.

Catalyst for comparison Preparation Example 3: Preparation of
FevVO, catalyst

Ammonium metavanadate 14.04 g was dissolved in water 700
g at 90°C (solution B). A solution prepared by dissolving iron
(III) nitratenonahydrate 48.48 ginwater 40 gwas added dropwise
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intothesolutionB, andthemixturewas thenevaporatedtodryness.
The residue was preliminarily calcined, under air flow, at 350°C
for 2 hours and then calcined at 750°C for 5 hours to give FeVO,
catalyst. XRDanalysis of the catalyst showed that the catalyst
was principally a composite oxide with a triclinic FeVO,
structure.

Catalyst for comparison Preparation Example 4: Preparation of
K/Zr0, catalyst

Potassium carbonate 20 g and zirconium oxide 80 g (product
of DAIICHI KIGENSO KAGAKU KOGYO Co., Ltd.) were powder-mixed,
and a small amount of water was added, and the mixture was further

kneaded thoroughly. After drying, the residue was calcined at

550° C for 4 hours under air flow to give K/Zr0O, catalyst.

Catalyst for comparison Preparation Example 5: Preparation of
Ti-Si catalyst (Synthetic Example using titanium oxysulfate,
without rinsing)

Silica powder 60 g (CARiACT Q-50, product of Fuji silysia
Chemical Ltd., particle diameter of 75 to 180 um) was kneaded
in a solution prepared by dissolving titanium oxysulfate 14.5
g (Ti content: 33.21% by weight as TiO;) in water 140 g, and
the mixture was then evaporated to dryness with stirring. The
residue was calcined at 600°C for 4 hours under air flow to give
Ti-Si catalyst. The catalyst was subjected to X-ray
fluorescence analysis by a glass bead method to detect 950 ppm
of sulfur component.

Example 1

A reaction of palm oil with methanol was carried out using
a fixed bed and continuous flow reactor. A straight reactor
tube made of stainless steel (SUS316) having 10 mm in inside
diameter and 210 mm in length was charged with 15 mL (12 g) of
MnTiOs catalyst obtained from Catalyst Preparation Example 1.

Palm oil and methanol were continuously flowed into the reactor
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tube at flow rates of 0.12 mL/min and 0.13 mL/min (LHSV=1hr~*,
methanol: 9 times the amount of theoretically needed)
respectively, usingaprecisionandhigh-pressuremeteringpump.
The reactor tube was installed in a heating oven to set a
temperatureinsidetheovenat200°C. Andthereactortubeoutlet
was equipped with a back pressure regulator via an air-cooled
condenser, and the pressure within the reactor tube was set at
5 MPa. Yields of fatty acid methyl ester and glycerin were
respectively 21.9 mol% and 85.0 mol% in the reactor tube outlet
10 hours after stable operation of the fixed bed and continuous
flow reactor. Conversion rate of triglyceride, which was main
component of the fat or oil, was 96.7 mol%, and yields of
diglyceride and monoglyceride were respectively 2.8 mol% and
8.9 mol%. The reaction mixture in the outlet was subjected to
the ICP emission spectrometry to detect neither Mn nor Ti, which
were catalyst components. This reaction was continuously
repeated for 250 hours, and the reaction mixture in the outlet
was analyzed. No change was observed in composition of the
reaction mixture in the outlet, which indicates the catalyst
does not deteriorate with age and therefore it has a long life.

Example 2

A 200-mL autoclave was chargedwithpalmoil 40 g, methanol
40 g, and MnTiOs; catalyst powder 3 g prepared in Catalyst
Preparation Example 1. After nitrogen replacement, the
reaction was allowed to proceed at a reaction temperature of
200°C for 24 hourswith internal stirring. The insidewas cooled
up to 50°C to take out the reactionmixture. Thereactionmixture
was subjectedtocentrifugal separationtoseparatethecatalyst.
Methanol was distilled off with a rotating evaporator. Then,
the resultant was separated intomethyl ester phase (upper phase)
and glycerin phase (lower phase) to recover the upper phase.
A 200-mL autoclave was charged with methanol in the same amount
of the recovered upper layer and MnTiO; catalyst powder 3 g
prepared in Catalyst Preparation Example 1. And the reaction
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was again allowed to proceed at a reaction temperature of 200°C
for 24 hours in the same manner as in the first reaction. Yields
of fatty acid methyl ester and glycerin were 99.6 mol % and 98.7
mol %, respectively. Triglyceride and diglyceride, which were
main components of the fat or oil, were completely converted.
Yield of monoglyceride was 1.1 mol%. The reaction mixture was
subjected to the ICP emission spectrometry to detect neither

Mn nor Ti, which were catalyst components.

Example 3

A 200 mL autoclave was chargedwith triolein 60 g, methanol
20 g and MnTiOs catalyst (product of Alfa Aesar Co.) 2.5g. XRD
analysis of the MnTiOs; catalyst used in this Example showed that
the catalyst had an ilmenite structure. After nitrogen
replacement, the reaction was allowed to proceed at a reaction
temperature of 200°C for 24 hours with internal stirring.
Conversionrateof trioleinwas 99%, and yields of methyl oleate,
monoglyceride, diglyceride, andglycerinwere respectively 87%,
10%, 2%, and 49%. Neither byproduction of glycerin condensates
or etherification products nor decomposition of methanol was
observed. ICP emission spectrometry of the reaction mixture
showed that the concentration of leached Ti was 1 ppm or less,
and that of leached Mn was 20 ppm or less.

Example 4

A reaction was carriedout in the same manner as in Example
3, except that CoTiOs; catalyst (product of Alfa Aesar Co.) was
used as a catalyst. XRD analysis of the CoTiOs catalyst used
inthis Example showedthat thecatalysthadan ilmenite structure.
Conversionrateof trioleinwas 26%, and yields of methyl oleate,
monoglyceride, diglyceride, and glycerinwere respectively 77%,
17%, 2%, and 41%. ICP emission spectrometry of the reaction
mixture showed that the concentrations of leached Ti and Co were

each 1 ppm or less.
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Example 5

A reaction was carried out in the same manner as in Example
3, except that FeTiOs catalyst (product of Aldrich Co.) was used
as a catalyst. XRD analysis of FeTiOs catalyst used in this
Example showed that the catalyst had an ilmenite structure.
Conversionrateof trioleinwas 98%, and yields of methyl oleate,
monoglyceride, diglyceride, andglycerinwere respectively 94%,
4%, 0%, and 94%. ICP emission spectrometry of the reaction
mixture showed that the concentrations of leached Ti and Fe were
each 1 ppm or less.

Example 6

Areactionwas carried out in the same manner as in Example
3, except that NiTiOs catalyst (product of City Chemical LLC)
was used as a catalyst. XRD analysis of the NiTiOz catalyst
used in this Example showed that the catalyst had an ilmenite
crystal structure. Conversion rate of triolein was 97%, and
yields of methyl oleate, monoglyceride, diglyceride, and
glycerin were respectively 63%, 29%, 5% and 63%. ICP emission
spectrometry of the reaction mixture showed that the

concentrations of leached Ti and Ni were each 1 ppm or less.

Example 7
A 200-mL autoclave was charged with triolein 61.5 g,

methanol 20 g, and ZnTiO; catalyst 2.5 g prepared in Catalyst
Preparation Example 2. After nitrogen replacement, the
reaction was allowed to proceed at a reaction temperature of
200°C for 24 hours with internal stirring. Conversion rate of
triolein was 96%, and yields of methyl oleate and glycerin were
respectively 82% and 37%. No leaching of the metals in the

reaction mixture was detected by ICP emission spectrometry.

Example 8
Reactions were carried out three times in the same manner

as in Example 7, and the same catalyst as in Example 7 was
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repeatedly used for the reactions. After a second reaction,
conversion rate of triolein was 94%, and yields of methyl oleate
and glycerin were respectively 77% and 37%. After a third
reaction, conversion rate of triolein was 97%, and yields of
methyl oleate and glycerin were respectively 84% and 37%. No
change was observed in the activity of the catalyst after the
repeated use, which indicates that the catalyst has high
stability. No leaching of the metals in the reaction mixture

was detected after each reaction.

Example 9

A100-mL autoclave was chargedwith triolein 30g, methanol
10 g and a catalyst having a slyrankite structure (2x0.5T10.502,
product of AlfaAesarCo.) 1.25g. XRDanalysisof the Zrq.sTio. 502
catalyst used in this Example showed that the catalyst had a
slyrankite structure. Afternitrogenreplacement, thereaction
was allowed to proceed at a reaction temperature of 200°C for
24 hours with internal stirring. Conversion rate of triolein
was 95%, andyieldsofmethyl oleate, monoglyceride, diglyceride,
and glycerin were respectively 69%, 18%, 8%, and 63%. ICP
emissionspectrometryof the reactionmixture showedthat leached

metal components contained no Zr, and 1 ppm or less of Ti.

Comparative Example 1

A reactionwas carried out in the same manner as in Example
3, except that hydrotalcitewasusedasacatalystandthereaction
temperature was 150°C. Conversion rate of triolein was 99%,
and yields of methyl oleate, monoglyceride, diglyceride, and
glycerin were respectively 95%, 2%, 2%, and 89%. XRF analysis
of the reaction mixture showed that almost total amount of
magnesium constituting the hydrotalcite and about half amount
of the aluminum were leached.

Example 10

A reactionwas carried out in the same manner as in Example
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7, except that ZnZrOs; catalyst 2.5 g prepared in Catalyst
Preparation Example 3 was used as a catalyst. Conversion rate

of triolein was 99%, and yields of methyl oleate and glycerin

‘were respectively 84% and 49%. No leaching of the metals in

the reaction mixture was detected by ICP emission spectrometry.

Example 11

A reaction was carriedout in the same manner as in Example
10, except that Zn,TiO4 catalyst 2.5 g prepared in Catalyst
Preparation Example 4 was used as a catalyst. Conversion rate
of triolein was 97%, and yields of methyl oleate and glycerin
were respectively 82% and 43%. No leaching of the metals in the

reaction mixture was detected by ICP analysis.

Example 12

Reactions were carried out three times in the same manner
as in Example 11, and the same catalyst as in Example 11 was
repeatedly used for the reactions. After a second reaction,
conversion rate of triolein was 97%, and yields of methyl oleate
and glycerin were respectively 84% and 46%. After a third
reaction, conversion rate of triolein was 97%, and yields of
methyl oleate and glycerin were respectively 84% and 49%. No
change was observed in the activity of the catalyst after the
repeated use, which indicates that the catalyst has high
stability. No leaching of the metals in the reaction mixture
was detected after each reaction.

Comparative Example 2

Areaction was carriedout in the same manner as in Example
8, except that ZnAl,0, catalyst prepared in Catalyst for
comparison Preparation Example 1 was used as a catalyst.
Conversion rate of triolein was 97%, and yields of methyl oleate
and glycerin were respectively 76% and 42%. Infrared (IR)
spectral data showed the presence of soap components, and the

active component leached.
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Comparative Example 3
Reactions were carried out three times in the same manner
as in Example 8, except that TiVO, catalyst prepared in Catalyst
5 for comparison Preparation Example 2 was used as a catalyst,
the reaction time was 1 hour, and the reaction temperature was
150°C. And the catalyst was repeatedly used for the reactions.
After a first reaction, conversion rate of triolein was 97%,
and yields of methyl oleate and glycerin were respectively 70%
10 and 29%. After a second reaction, conversion rate of triolein
was 94%, and yields of methyl oleate and glycerin were
respectively 59% and 19%. After a third reaction, conversion
rateoftrioleinwas89%,andyieldsofmethyloleateandglycerin
were respectively 47% and 10%. The activity of the catalyst
15 decreased after the repeated reactions, which indicates that
the catalyst deteriorates. No leaching was detected in the

reaction mixture.

Example 13

20 A200-mL autoclavewas chargedwith triolein 60 g, methanol
20 g, and Fe-V-Zr catalyst 2.5 gprepared in Catalyst Preparation
Example 5. Afternitrogenreplacement, thereactionwasallowed
to proceed at a reaction temperature of 150°C for 24 hours with
internal stirring. Yields of methyl oleate and glycerin were

25 respectively 54% and 11%. Neither byproduction of glycerin
condensates or etherification products nor decomposition of
methanol was observed. The reaction mixture was measured for
metal leaching by ICP emission spectrometry to find that content
of leached metal was below detection limit.

30
Example 14

A 200-mL autoclave was charged with triolein 61.5 g,

methanol 20 g, and Fe-V-Zr catalyst 2.5 g prepared in Catalyst
Preparation Example 5. After nitrogen replacement, reaction

35 was allowed to proceed at a reaction temperature of 150°C for
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3 hours with internal stirring. Conversion rate of triolein
was 78%, and yields of methyl oleate and glycerin were
respectively 35% and 3%.

After the reaction, the catalyst was recovered and the
recovered catalyst was used again for a reaction under the same
conditions. Conversion rate of triolein was 68%, and yields
of methyl oleate and glycerin were respectively were 29% and
2%. The catalyst was recovered again after the reaction, and
the recovered catalyst was used for a reaction under the same
conditions. Conversion rate of triolein was 70%, and yields
of methyl oleate and glycerin were 30% and 5%. The activity
of the catalyst after three times reactions was not remarkably

reduced.

Comparative Example 4

A reaction was carried out in the same manner as in Example
14, except that FeVO, catalyst 2.5 g prepared in Catalyst for
comparison Preparation Example 3 was used as a catalyst.
Conversion rate of triolein was 83%, and yields of methyl oleate
and glycerin were respectively 31% and 5%. After the reaction,
the catalyst was recovered and the recovered catalyst was used
again for a reactionunder the same conditions. Conversion rate
of triolein was 35%, and yields of methyl oleate and glycerin
were respectively 10%and 0%. Theactivityof thecatalystafter

two reactions was reduced.

Example 15

A100-mL autoclave was chargedwithtriolein 30 g, methanol
10 g and Ti-Zr catalyst 1.25 g prepared in Catalyst Preparation
Example 6. Afternitrogenreplacement, the reactionwasallowed
to proceed at a reaction temperature of 200°C for 24 hours with
internal stirring. Conversion rate of triolein was 99%, and
yields of methyl oleate, monoglyceride, diglyceride, and
glycerin were respectively 79%, 17%, 3%, and 79%. Neither

byproductionof glycerin condensates or etherificationproducts
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nor decomposition of methanol was observed. ICP emission
spectrometry of the reaction mixture showed that leached metal

components contained no Zr, and 1 ppm or less of Ti.

Example 16

A straight reactor tube made of SUS316 stainless steel
having 10 mm in inside diameter and 210 mm in length was charged
with 15 mL of Ti-Zr catalyst prepared in Catalyst Preparation
Example 6 after pulverized and then classified into 300 to 850
pm. In order to control pressure, a filter and a back pressure
regulator were fixed in the reactor outlet with an air-cooled
cooling tube therebetween.

Pressure inside the reactor tube was set at 5.0 MPa with
the back pressure regulator, while circulating triolein and
methanol to a reactor at flow rates of 0.127 mL/min and 0.048
mL/min (molar ratio = 1/9, LHSV=0.70hr™') respectively, using
a precision and high-pressure metering pump. The reactor tube
was heated from the outside using GC (gas chromatography) oven
to set a temperature at 200°C. Yields of methyl oleate and
glycerin were respectively 61% and 38% in the reaction outlet
17 hours after stabilizationof the temperature and the pressure.
Yields of methyl oleate and glycerin more 50 hours later were
respectively 62%and40%. Afterthat, nodecreaseofthecatalyst
activity was observed over 160 hours or more.

Comparative Example 5

Areactionwas carried out in the same manner as in Example
15, except that K/ZrO, catalyst prepared in Catalyst for
comparison Preparation Example 4 was used as a catalyst, and
the reaction temperaturewas 150°C. Conversionrateof triolein
was 99%, ylelds of methyl oleate, monoglyceride, diglyceride,
and glycerin were respectively 95%, 2%, 1%, 90%. XRF analysis
of the potassium components leached in the reaction mixture
showed that almost total amount of the potassium components were

leached. Therefore, it was impossible to use the catalyst
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repeatedly.

Example 17

A reactionwas carried out in the same manner as in Example
16, except that Ti-Si catalyst prepared in Catalyst Preparation
Example 7 was used as a catalyst, two reactor tubes each charged
with 15 mL of the catalyst were directly connected to set the
total volume of the catalyst at 30 mL, the flow rates of triolein
and methanol were respectively 0.206 mL/min and 0.078 mL/min
(molar ratio = 1/9, LHSV=0.57h r!), and the reaction pressure
was 2.5 MPa. Yields of methyl oleate and glycerin were
respectively 54% and 21% in the reaction outlet 17 hours after
stabilization of the temperature and the pressure. Yields of
methyl oleate and glycerin more 50 hours later were respectively
53% and 18%. After that, no decrease of the catalyst activity

was observed over 160 hours or more.

Example 18

A200-mL autoclave was chargedwithtriolein 60 g, methanol
20 g and Ti-Si catalyst 2.5 g prepared in Catalyst Preparation
Example 8. Afternitrogenreplacement, thereactionwasallowed
to proceed at a reaction temperature of 200°C for 24 hours with
internal stirring. Yields of methyl oleate and glycerin were
respectively 74% and 42%.

Comparative Example 6

A reactionwas carried out in the same manner as in Example
17, except that Ti-Si catalyst prepared in Catalyst for
comparison Preparation Example 5wasused as a catalyst. Yields
of methyl oleate and glycerin were respectively 14% and 3% in
the reaction outlet 17 hours after stabilization of the
temperature and the pressure. Yields of methyl oleate and
glycerin more 50 hours later were respectively 12% and 2%, which

indicates that the catalyst has an extremely low activity.
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Example 19

A reaction was carried out in the same manner as in Example
18, except that Ti-Al catalyst prepared in Catalyst Preparation
Example 9 was used as a catalyst. Yields of methyl oleate and

glycerin were respectively 70% and 40%.

INDUSTRIAL APPLICABILITY

The method for producing fatty acid alkyl esters and/or
glycerin according to the present invention has the
above-mentioned configurations. Therefore, the method has the
following advantages.

In view of simplification of the reaction processes,
(1) The separation and removal step of the catalyst can be
simplified or omitted;
(2) The neutralization and removal step of the free fatty acids,
or the esterification step with the acid catalysts, is
eliminated;
(3) No saponification of the free fatty acids occurs; and
(4) Esterification of the free fatty acids in the fat or oil
proceeds simultaneously.

In view of simplification of the purification processes,
that is, easier production of purified glycerin,
(1) Thealcoholcanbedistilledafter separationof thecatalyst,
and the partition equilibrium of liquid-liquid two phases can
be improved (mutual solubility decreases) because of no reverse
reaction, and therefore, the product can be separated well; and
(2) No leaching of the catalyst occurs and the catalyst life
can be extended, because the catalyst (at least one of the
above~-mentioned catalysts (I) to (V)) uses the essential metal
component in the crystal skeleton as an activate species; the
fatty acid alkyl ester can be produced with high selectivity,
because the alcohol is hardly decompounded (dehydrated or
caulked) due to absence of strong acid point or base point on
the catalyst surface; and the catalyst is hardly affected by

a small amount of the metal components or the mineral acids used
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for the pretreatment.

This present application claims priority on Patent
Application No. 2005-043619, “METHOD FOR PRODUCING GLYCERIN
AND/OR FATTY ACID ALKYL ESTERS” filed in Japan on February 21,
2005, Patent ApplicationNo. 2005-043620, “"METHOD FOR PRODUCING
FATTY ACID ALKYL ESTERS AND/OR GLYCERIN” filed in Japan on
February 21, 2005, Patent Application No. 2005-043621, “METHOD
FOR PRODUCING GLYCERIN AND/OR FATTY ACID ALKYL ESTERS” filed
in Japan on February 21, 2005, and Patent Application No.
2005-368602,“METHODFORPRODUCINGFATTYACIDALKYLESTERSAND/OR
GLYCERIN USING A FAT AND OIL” filed in Japan on December 21,
2005, the entire contents of which are hereby incorporated by
reference.
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CLAIMS

1. Amethod for producing fatty acid alkyl esters and/or
glycerin comprising a step of bringing a fat or oil into contact
with an alcohol in the presence of a catalyst,

wherein the catalyst is at least one catalyst selected
from the group consisting of the following (I) to (V):

(I) a metal oxide having an ilmenite structure and/or a
slyrankite structure;

(II) an oxide containing a metallic element belonging to
the Group 12 and a metallic element belonging to the Group 4;

(III) amixedoxidecontainingametallicelementbelonging
to the Group 12 and a tetravalent transition metallic element;

(IV) a metal oxide containing zirconium and at least one
metallic element selected from the group consisting of metallic
elements belonging to the Groups 4, 5 and 8; and

(V) a metal oxide containing anatase type titanium oxide
and/or rutile type titaniumoxide, and themetal oxide containing
a sulfur component of 700 ppm or less.

2. Themethod for producing fattyacidalkylestersand/or
glycerin according to Claim 1,

wherein the catalyst contains a metal oxide having an
ilmenite structure containingtitaniumand at least onemetallic
element selected from the group consisting of metallic elements

belonging to the Groups 7, 8, 9, 10, and 12.

3. Themethod forproducing fattyacidalkylestersand/or
glycerin according to Claim 1,

wherein the oxide i1s a mixed oxide.

4. Themethod forproducing fattyacidalkyl estersand/or
glycerin according to any of Claims 1 to 3,
wherein the metallic element belonging to the Group 12

is zinc element.
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5. Themethod forproducing fattyacidalkyl estersand/or
glycerin according to Claim 1, 3 or 4,
wherein the catalyst is an oxide containing a metallic

element belonging to the Group 12, and Ti or Zr.

6. Themethod forproducingfattyacidalkyl estersand/or
glycerin according to Claim 1,3, 4 or 5,

wherein the oxide contains ZnMO, (in the formula, M
represents Ti and/or Zr; x is a number of 0.05 or more and 10
or less; and n is a number determined such that ZnMO, is

electrically neutral).

7. Themethod forproducing fattyacidalkyl estersand/or
glycerin according to Claim 6,

wherein the oxide contains at least one selected from the
group consisting of ZnZrOs, ZnTiOs, Zn,TiO4, Zn,,3Ti0s/3, and
ZnsTi0g.

8. Themethod forproducing fattyacidalkyl estersand/or
glycerin according to any of Claims 5 to 7,

wherein the oxide is cubic.

9. Themethod forproducing fattyacidalkyl estersand/or
glycerin according to Claim 1,
wherein the catalyst contains zirconium oxide having a

monoclinic structure.

10. The method for producing fatty acid alkyl esters
and/or glycerin according to Claim 1 or 9,

wherein the catalyst contains a metal oxide having a
triclinic structure as an active component.

11. The method for producing fatty acid alkyl esters
and/or glycerin according to Claim 1,
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wherein the catalyst contains an oxide of at least one
metallic element selected from the group consisting of metallic
elements belonging to the Groups 4, 13, and 14.

5 12. A catalyst for producing fatty acid alkyl esters
and/or glycerin,
wherein the catalyst is used in the method for producing

fattyacidalkyl estersand/orglycerinaccordingtoanyofClaims
1 to 11.
10
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