a9y United States

US 20060288636A1

12y Patent Application Publication o) Pub. No.: US 2006/0288636 Al

Tlijima et al. 43) Pub. Date: Dec. 28, 2006
(54) PROCESS FOR NON-CATALYTICALLY (30) Foreign Application Priority Data
PRODUCING BIODIESEL FUEL WITHOUT
VIFL.DING BY-PRODUCT Aug. 18, 2003  (JP) v, 2003-294521

(76) Inventors: Wataru lijima, Ibaraki (JP); Yuichi
Kobayashi, Tsukuba-shi (JP); Ken
Taniwaki, Tsukuba-shi (JIP)

Correspondence Address:
C. IRVIN MCCLELLAND

OBLON, SPIVAK, MCCLELLAND, MAIER &

NEUSTADT, P.C.
1940 DUKE STREET
ALEXANDRIA, VA 22314 (US)

(21)  Appl. No.: 10/568,066
(22) PCT Filed:  Aug. 10, 2004

(86) PCT No.: PCT/JP04/11485

Publication Classification

(51) Int. CL
C10L 1/00 (2006.01)

73 TR U T ) PO 44/307

(57) ABSTRACT

This mvention provides a process for producing biodiesel
tuel from vegetable or amimal o1ls and fats or wastes thereof
and methanol that does not use a catalyst and does not
generate glycerin as a by-product. In this process, vegetable
or amimal oils and fats or wastes thereol are mixed with
methanol, and a methanolysis reaction 1s carried out at a
reaction temperature of between 370° C. and 500° C., a
reaction pressure ol between 20 MPa and 60 MPa, and a
reaction period ol between 4 minutes and 12 minutes
without the use of a catalyst. This mnvention also provides
biodiesel tuel that 1s mainly composed of fatty acid methyl
esters, monoacylglycerol, and diacylglycerol.
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PROCESS FOR NON-CATALYTICALLY
PRODUCING BIODIESEL FUEL WITHOUT
YIELDING BY-PRODUCT

TECHNICAL FIELD

[0001] The present invention relates to a process for
producing biodiesel fuel from vegetable or animal oils and
fats or waste oils thereof (hereafter referred to as “wastes
thereol”) and methanol.

BACKGROUND ART

[0002] Recently, environmental conservation awareness
has increased, and thus, so-called “biodiesel tuel” produced
from vegetable or animal oils and fats or wastes thereof has
been increasingly used.

[0003] In general, biodiesel fuel refers to fuel that is
mainly composed of fatty acid methyl esters obtained by
subjecting triacylglycerol, which 1s a main component of
vegetable or animal oils and fats or wastes thereof, to
transesterification with methanol (hereafter referred to as a
“methanolysis reaction”).

[0004] The methanolysis reaction of triacylglycerol with
methanol can be divided into three phases. In the first phase,
a fatty acid methyl ester molecule and a diacylglycerol
molecule are generated from a triacylglycerol molecule and
a methanol molecule. In the second phase, a fatty acid
methyl ester molecule and a monoacylglycerol molecule are
generated from a diacylglycerol molecule and a methanol
molecule. In the third phase, a fatty acid methyl ester
molecule and a glycerin molecule are generated from a
monoacylglycerol molecule and a methanol molecule.

[0005] In conventional processes for producing biodiesel
tuel, the methanolysis reaction 1s completed following the
third phase. Thus, glycerin 1s generated as a by-product. A
variety of attempts have been made 1n order to make use of
glycerin (see JP-A-2003-096473). However, there 1s a super-
fluous supply of glycerin 1 Japan. Given the present cir-
cumstances, glycerin 1s disposed 1 a dedicated-purpose
incinerator. Disadvantageously, glycerin cannot be utilized
as a heat source due to its low calorific value. Although there
1s a strong demand for the production of biodiesel fuel
without the generation of glycerin, there currently exists no
such technique.

[0006] In the production of biodiesel fuel, the methanoly-
s1s reaction 1s generally carried out with the use of a catalyst
such as an alkaline or acid catalyst. With a catalytic process,
however, a catalyst (for example, sodium hydroxide) con-
taminates the reaction product. This necessitates neutraliza-
tion and washing of the product and purging of the washing
liquad.

[0007] An example of a process for producing biodiesel
tuel without the use of a catalyst 1s a technique that utilizes
a supercritical fluid (see D. Kusdiana, S. Saka, Biodiesel tuel
from rapeseed o1l as prepared in supercritical methanol,
Fuel, 80 (2001), 225-231; and D. Kusdiana, S. Saka, Methyl
esterification of free fatty acids of rapeseed o1l as treated 1n
supercritical methanol, J. of Chem. Eng. of Japan, 34(3),
383-387, 2001), No. 3, Jasco Report, pp. 28-31, May 28,
1999). With this technique, however, glycerin 1s still gen-
erated as a by-product.
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SUMMARY OF THE INVENTION

[0008] An object of the present invention is to provide a
process for producing biodiesel fuel from vegetable or
animal o1ls and fats or wastes thereol and methanol that does

not utilize a catalyst and that does not generate glycerin as
a by-product.

[0009] More specifically, the present invention includes
the following inventions.

[0010] (1) A process for producing biodiesel fuel, wherein
vegetable or animal oils and fats or wastes thereof are mixed
with methanol, and a methanolysis reaction 1s carried out
without the use of a catalyst under reaction conditions where
glycerin 1s not generated.

[0011] (2) The process according to (1) above, wherein the
reaction conditions where glycerin 1s not generated consti-
tute a reaction temperature of between 370° C. and 500° C.,
a reaction pressure of between 20 MPa and 60 MPa, and a
reaction period of between 4 minutes and 12 minutes.

[0012] (3) The process according to (1) above, wherein
degradation of a carbon chain 1n a fatty acid group 1s carried

out in parallel with the methanolysis reaction.

[0013] (4) The process according to (1) above, wherein the
vegetable or animal oils and fats or wastes thereof are mixed
with methanol at a volume ratio of 1:2 to 2:1.

[0014] (5) The process according to (1) above, wherein the
methanolysis reaction 1s carried out 1n a Hastelloy reaction
tube 1n which adequate mixing conditions can be main-
tained.

[0015] (6) Biodiesel fuel that is mainly composed of fatty
acid methyl esters, monoacylglycerol, and diacylglycerol.

[0016] This specification includes part or all of the con-
tents as disclosed 1n the specifications of Japanese Patent

application No. 2003-294521, which are the base of the
priority claim of the present application.

BRIEF DESCRIPTION OF THE DRAWING

[0017] FIG. 1 schematically shows an example of an
apparatus for producing biodiesel fuel according to the
present 1nvention.

[0018] Each number in FIG. 1 means the following.

[0019] 1—tank 1 for starting materials (for vegetable or
animal oils and fats)

[0020] 2—delivery pump (for vegetable or animal oils
and {fats)

0021] 3——tank 2 for starting materials (for methanol)
10022
0023] 5—preheating tube

4—delivery pump (for methanol)

0024] 6—heater for preheating tube
0025] 7—reaction tube

0026] 8—heater for reaction tube
0027] 9——cooling tube

0028] 10—pressure-releasing valve
0029] 11—decompression tank
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0030] 12—decompression pump

0031] 13—Iline for recovering excess methanol
0032] 14—chiller (or device for recovering methanol)
[0033] 15—outlet for biodiesel fuel

PREFERRED EMBODIMENTS OF TH.
INVENTION

(L]

[0034] In the present invention, various conditions for a
methanolysis reaction are adequately regulated, thereby
completing the reaction 1n the first phase while 1nhibiting the
reaction in the third phase. Thus, biodiesel tuel can be
produced without generating glycerin. The reaction in the
second phase may proceed adequately. As the reaction 1n the
second phase makes progress, however, the concentration of
diacylglycerol 1n the resulting biodiesel fuel 1s lowered, the
concentration of monoacylglycerol 1s elevated, and the vis-
cosity of the biodiesel fuel 1s lowered. Thus, various con-
ditions for the methanolysis reaction are preferably regu-
lated so as to accelerate the reaction 1n the second phase.

[0035] A noncatalytic process can be accomplished by
carrying out the methanolysis reaction under supercritical
conditions.

[0036] Since no by-product is generated, the biodiesel fuel
yield can be enhanced. Preferably, the yield can be substan-
tially 100% of the starting oil, whereas such yield was
approximately 80% 1n the past.

10037] The biodiesel fuel produced by the process accord-
ing to the present invention 1s mainly composed of fatty acid
methyl esters, diacylglycerol, and monoacylglycerol. In
contrast, biodiesel fuel produced by the conventional tech-
nique 1s mainly composed of fatty acid methyl esters and
does not substantially contain diacylglycerol or monoacylg-
lycerol.

[0038] Vegetable or animal o1ls and fats comprise a large
quantity of long chain fatty acids having 16 or more carbon
atoms. In general, the viscosity of diacylglycerol or monoa-
cylglycerol comprising a long chain fatty acid group 1is
higher than that of fatty acid methyl esters. Therefore, such
substance 1s often unsuitable for biodiesel fuel.

10039] The present invention can provide biodiesel fuel
having suflicient viscosity as biodiesel fuel through the
process described below. That 1s, degradation of a carbon
chain 1n a fatty acid group 1s carried out in parallel with a
methanolysis reaction to convert a long chain fatty acid
group to a medium chain fatty acid group having approxi-
mately 6 to 12 carbon atoms. This lowers the viscosity of a
mixture mainly composed of fatty acid methyl esters, dia-
cylglycerol, and monoacylglycerol.

[0040] Further, the present invention relates to biodiesel
fuel that 1s mainly composed of fatty acid methyl esters,
monoacylglycerol, and diacylglycerol. The term “mainly
composed of” means that the biodiesel fuel comprises at
least 40% fatty acid methyl esters by weight, at least 10%
monoacylglycerol by weight, and at least 5% diacylglycerol
by weight. Biodiesel fuel according to the present invention
preferably comprises 40% to 60% fatty acid methyl esters by
weight, 10% to 30% monoacylglycerol by weight, 5% to
20% diacylglycerol by weight, 5% to 20% other aliphatic
compounds by weight, and less than 1% each triacylglycerol
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and glycerin by weight. “Other aliphatic compounds™ are
described below. More preferably, biodiesel fuel has a
cetane number of 49 to 65, a flash point of 100° C. to 200°
C., kinematic viscosity at 30° C. of 3 mm®/sec to 20
mm->/sec, and a pour point of -5° C. or lower.

[0041] The present invention is hereafter described in
greater detail.

1. Starting Material

[0042] The methanolysis reaction according to the present
invention employs a mixture of vegetable or animal o1ls and
fats or wastes thereof and methanol as a starting materal.
Examples of vegetable oils that can be used in the present
invention iclude, but are not limited to, rapeseed o1l, canola
o1l, corn oi1l, soybean oil, sunflower oi1l, and safflower o1l.
Examples of animal oils and fats that can be used in the
present invention include, but are not limited to, porcine fat
(lard) and beef tallow. The term “waste o1ls” refers to
vegetable or animal o1ls and fats that are to be disposed due
to deterioration 1n their qualities after they have been used
for cooking 1n, for example, households, restaurants, fast
food restaurants, or factories for meals. Examples of wastes
of vegetable or animal o1ls and fats that can be used 1n the
present mvention include, but are not limited to, waste oils
that had been used for cooking, such as deep-iried foods,
pork cutlets, or iried chicken.

[0043] The mixing ratio of the vegetable or animal oils
and fats or wastes thereol to methanol can be appropnately
selected. Preferably, the vegetable or animal oils and fats or

wastes thereof are mixed with methanol at a volume ratio of
1:2 to 2:1.

2. Reaction Conditions

[0044] The methanolysis reaction according to the present
invention 1s carried out without the use of a catalyst under
reaction conditions where glycerin 1s not generated.

[0045] The aforementioned “reaction conditions where
glycerin 1s not generated” can be any conditions as long as
the condition that “glycerin 1s not generated” 1s satisfied. In
the present invention, “reaction conditions where glycerin 1s
not generated” include reaction conditions where substan-
tially no glycerin 1s generated as well as reaction conditions
where no glycerin 1s generated. “Reaction conditions where
substantially no glycerin 1s generated” refers to the reaction
conditions where glycerin 1s generated but the generated
glycerin 15 not separated from the biodiesel fuel. Cases
where “the generated glycerin i1s not separated from the
biodiesel fuel” include, but are not limited to, cases where
the amount of glycerin generated 1s so small that the glycerin
1s not separated from the biodiesel fuel and cases where the
lipophilic property of the generated glycerin 1s enhanced by
further reaction (such as substitution of OH with methyl)
and thus 1s not separated from the biodiesel tuel. Under the
alorementioned reaction conditions, the reaction tempera-
ture 1s preferably between 370° C. and 300° C., and more
preferably between 380° C. and 430° C.; the reaction
pressure 1s preferably between 20 MPa and 60 MPa, more
preferably between 30 MPa and 50 MPa, and most prefer-
ably 40 MPa; and the reaction period 1s preferably between
4 minutes and 12 minutes. More preferably, the temperature
of the mixture to be poured into a reaction tube 1n which the
reaction 1s carried out 1s at least 250° C.
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[0046] Degradation of a carbon chain in a fatty acid group
1s preferably carried out 1n parallel with the aforementioned
methanolysis reaction. “Degradation of a carbon chain 1n a
tatty acid group” refers to a reaction where long chain fatty
acid groups (having 14 or more carbon atoms) richly con-
tained 1n vegetable or amimal oils and fats or wastes thereof
are converted to medium chain fatty acid groups (having
approximately 6 to 12 carbon atoms). Reaction conditions
are not particularly limited. When vegetable or animal oils
and fats or wastes thereof are mixed with methanol, and the
methanolysis reaction 1s carried out at a reaction temperature
of between 390° C. and 500° C., and preferably between
390° C. and 450° C.; a reaction pressure of between 20 MPa
and 60 MPa, preferably between 30 MPa and 50 MPa, and
most preferably 40 MPa; and a reaction period of between
4 minutes and 12 minutes, for example, degradation of a
carbon chain 1n a fatty acid group proceeds 1n parallel with
the methanolysis reaction. More preferably, the temperature
of the mixture to be poured 1nto the reaction tube 1n which
the reaction 1s carried out 1s at least 250° C. The mechamism
ol converting long chain fatty acid groups to medium chain
fatty acid groups has not yet been elucidated. For example,
long chain fatty acid groups are considered to be converted
to medium chain fatty acid groups through the cleavage of
unsaturated bonds 1n the long chain fatty acid groups caused
at high temperature and high pressure. A variety of sub-
stances can constitute other “cleaved ends™ after the cleav-
age. Examples thereol include hydrocarbons, fatty acids,
and fatty alcohols having approximately 6 to 12 carbon
atoms. Such “cleaved ends” may be imncorporated in biodie-
sel Tuel as a final product.

[0047] After the completion of the methanolysis reaction,
the reaction mixture 1s heated under reduced pressure to
remove unreacted methanol therefrom by vaporzation.
Thus, biodiesel fuel as a final product can be obtained.
Preferably, the removed methanol 1s recovered by cooling
and then used again in the methanolysis reaction as a staring
material.

3. Reaction Apparatus

[0048] In the present invention, the methanolysis reaction
can be carried out 1n any reaction vessel as long as the
alorementioned reaction conditions are satisfied. Preferably,
the methanolysis reaction 1s carried out 1 a Hastelloy
reaction tube 1 which adequate mixing conditions can be
maintained. More preferably, the methanolysis reaction 1s
carried out 1 a Hastelloy reaction tube with uniformly-
heated interior conditions, a suflicient length for the reac-
tion, and adequate mixing conditions. Examples of metal
materials for reaction vessels or reaction tubes that are
commonly used in the apparatuses for supercritical reactions
include stainless steel, Hastelloy, and Inconel. In the method
according to the present invention, an apparatus made of
Hastelloy 1s preferable because of the following reasons. An
apparatus made of stainless steel may not be able to resist
high temperatures or high pressures. In an apparatus made of
Inconel, the reaction may proceed disadvantageously, which
could result 1n the generation of glycerin. There exist a
variety of types of Hastelloy, such as Hastelloy A, B, C, and
F. Any of these can be used in the present invention, and
Hastelloy C 1s usually used. Specific examples of Hastelloy
C that can be used 1n the present invention are HC-22 and
HC-276 (Mitsubish1 Materials Corporation). The “reaction
tube with unmiformly-heated interior conditions™ refers to a
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reaction tube wherein the temperature therein can be main-
tamned at a substantially uniform level so that the metha-
nolysis reaction can proceed uniformly. The “reaction tube
with a suflicient length for the reaction”™ refers to a reaction
tube having a length suflicient for securing the reaction
pertod necessary for obtaining biodiesel fuel with an
adequate composition. 11 the reaction tube 1s too short, the
methanolysis reaction cannot proceed suiliciently because
the suflicient reaction period cannot be secured. Thus,
biodiesel fuel with an adequate composition cannot be
obtained. The “reaction tube with adequate mixing condi-
tions” refers to a reaction tube that can maintain mixing
conditions under which the methanolysis reaction proceeds
uniformly without generating glycerin as a by-product.
More specifically, 1t refers to a reaction tube that can
maintain mixing conditions by means of the flow of the
supercritical tluid itself without the aid of a stirring means
(e.g., a static mixer). When a general stirring means 1s
employed, stirring 1s likely to become excessively strong,
and glycerin 1s likely to be generated as a by-product if the
stirring 1s strong. More preferably, the methanolysis reaction
1s carried out 1n a reaction tube made of Hastelloy, which has
an mner diameter of between 1.8 mm and 7.0 mm, a length
of between 0.5 m and 15 m, and an interior volume of
between 14 ml and 600 ml. The aforementioned reaction
tube can be used 1n any form. For example, 1t may be linear,
wound mnto a coil form, or folded into a hairpin form.
Typically, the methanolysis reaction 1s carried out 1n a coil
form reaction tube made of Hastelloy C, which has an inner
diameter of 1.8 mm, a length of 8 m, and an interior volume

of 20 ml.

[0049] An example of the reaction apparatus comprising
such reaction tube 1s schematically shown in FIG. 1. With
the use of this apparatus, starting materials can be
adequately mixed with each other by means of a mixer
before heating, which enables the apparatus to be continu-
ously and stably operated. The mixer 1s preferably a T-type
mixer 1 which the ratio of the total channel area before
mixing to that after mixing 1s 2:1. With the use of this
apparatus, unreacted methanol can be heated under reduced
pressure, recovered through vaporization, and then used
again as a starting matenial.

4. Reaction Product

[0050] The biodiesel fuel produced by the method accord-
ing to the present invention preferably comprises 40% to
60% fatty acid methyl esters by weight, 10% to 30%
monoacylglycerol by weight, 5% to 20% diacylglycerol by
weight, 5% to 20% other aliphatic compounds by weight,
and less than 1% each triacylglycerol and glycerin by
weight. The term “other aliphatic compounds™ used herein 1s
a generic term for compounds, such as aliphatic compounds
derived from glycerin, in which glycerin generated during
the methanolysis reaction i1s subjected to further reaction,
such as substitution of OH with methyl, “cleaved ends”
generated upon the conversion of the long chain fatty acid
group to the medium chain fatty acid group (e.g., hydrocar-
bons, fatty acids, and fatty alcohols having approximately 6
to 12 carbon atoms), and aliphatic compounds comprising
free fatty acids resulting from other causes.

[0051] Compositions of the biodiesel fuel (contents of
fatty acid methyl esters, monoacylglycerol, diacylglycerol,
triacylglycerol, glycerin, and other aliphatic compounds)
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were analyzed by gas chromatography-mass spectrometry
under the following conditions. The Agilent gas chromatog-
raphy 6890N system (Agilent Technology) and the GC-mate
II mass spectrometer (JEOL Datum Ltd.) were employed.
The HP-5TA column (15 mx0.32 mx0.1 um, Agilent Tech-
nology) was also employed. Helium was used as a carrier
gas (tlow rate: 1.5 ml/min). The oven temperature was held

at 50° C. for 1 minute at the time of the 1nitiation of analysis,
elevated to 250° C. at 10C/min, further elevated to 365° C.

at 15° C./min, and held at 365° C. for 8 minutes. The inlet
temperature was 220° C., the split ratio was 43:1, and the
amount of the sample 1njected was 2 ul. The analyte was
diluted to approximately 20 mg/ml with the aid of 1-butanol.
Based on the obtained mass spectra, the component was
identified, and the content thereof was determined based on
the peak area in the gas chromatogram. Tridecanoic acid
methyl ester or ethylene glycol was used as the internal
standard.

[0052] Under the above conditions, the composition of a
fatty acid group cannot be analyzed. Thus, gas chromatog-
raphy-mass spectrometry was carried out under the follow-
ing conditions to analyze the fatty acid composition of fatty
acid methyl esters contained in the biodiesel fuel. The
HP-INNOWax column (cross-linked PEG, 30 mx320
umx0.5 um, Agilent Technology) was installed 1n the afore-
mentioned apparatus, and helium was used as a carrier gas
(flow rate: 1.5 ml/min). The oven temperature was held at
150° C. for 1 minute at the time of the mitiation of analysis,
elevated to 200° C. at 15° C./min, further elevated to 250°
C. at 2° C./min, and then held at 250° C. for 5 minutes. The
inlet temperature was 220° C., the split ratio was 435:1, and
the amount of the sample injected was 2 ul. The analyte was
diluted to approximately 20 mg/ml with the aid of 1-butanol.
Based on the obtained mass spectra, the type of fatty acid
was 1dentified, and the content thereotf was determined based
on the peak area 1n the gas chromatogram. Tridecanoic acid
methyl ester was used as the internal standard. In the
biodiesel fuel produced by the method according to the
present invention, the fatty acid compositions 1n fatty acid
methyl esters are considered to be substantially the same as
the compositions of fatty acid groups contained in all the
molecular species constituting the aforementioned biodiesel
tuel. This 1s because the methanolysis reaction 1n a super-
critical fluid proceeds without being affected by the chain
length of fatty acid.

[0053] The biodiesel fuel produced by the method accord-
ing to the present invention preferably has a cetane number
of 49 to 65, a tlash point of 100° C. to 200° C., kinematic

viscosity at 30° C. of 3 mm?/sec to 20 mm~/sec, and a pour
point of -35° C. or lower.

|0054] The cetane number was measured in accordance

with the method specified i JIS K 2280, the pour point was
measured 1n accordance with the method specified i JIS K

2269, the kinematic viscosity (30° C.) was measured 1n
accordance with the method specified 1n JIS K 2283, and the

flash point (PMCC test) was measured in accordance with
the method specified 1n JIS K 2263.

Example 1

[0055] According to the procedure described below,
biodiesel fuel was produced from commercially available
canola o1l using the apparatus shown in FIG. 1. A coil form
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HC-22 reaction tube (Hastelloy C; mnner diameter: 1.8 mm;
length: 7.8 m; interior volume: apprommately 20 ml; Mit-
subish1 Materials Corporation) was used.

[0056] Canola o1l (Oilio®, Nisshin OilliO, Ltd.) was
placed 1 a tank 1 for starting materials and methanol
(reagent chemicals, Wako Pure Chemical Industries, Ltd.)
was placed 1n a tank 2 for starting maternials. A delivery
pump was adjusted so that the mixing ratio of canola o1l to
methanol became 2:1. The temperature 1n the reaction tube
was 395° C., the pressure therein was 40 MPa, the time
necessary for passing through the reaction tube was 4
minutes, and the temperature at the time of 1njection was
2’70° C. Given the circumstances, the resulting biodiesel tuel
was comprised of approximately 50% wvarious fatty acid
methyl esters by weight, approximately 25% monoacylg-
lycerol by weight, approximately 20% diacylglycerol by
weight, approximately 5% other aliphatic compounds by
weight, and less than 1% each triacylglycerol and glycerin
by weight. Further, the biodiesel fuel had a cetane number of
51.6, a flash pomnt (PMCC test) of 136° C., kinematic
viscosity of 15.10 mm~/sec, and a pour point of =5° C. These
fuel properties were substantially the same as those of
common biodiesel fuel derived from rapeseed. Furthermore,
the fatty acid compositions of the fatty acid methyl esters in
the biodiesel fuel were as follows: 55% oleic acid (C18:1) by
weight; 16% linoleic acid (C18:2) by weight; 5% stearic
acid (C18:0) by weight; 12% palmitic acids (C16:0 and
C16:1) by weight; 7% eicosanoic acids (C20:0, C20:1, and
C20:2) by weight, and 5% medium chain fatty acids (C6 to
C12) by weight.

Example 2

[0057] According to the procedure described below,
biodiesel fuel was produced from waste cooking o1l dis-
charged from households using the apparatus shown 1n FIG.
1. A coil form HC-22 reaction tube (inner diameter: 1.8 mm:;
length: 7.8 m; iterior volume: approximately 20 ml) was
used.

[0058] First, large impurities such as residues remaining
after deep-frying were exclusively removed from waste
cooking o1l discharged from households without pretreat-
ment, such as dehydration or removal of free fatty acids. A
delivery pump was adjusted so that the volume ratio of the
waste cooking o1l to methanol became 2:1.

[0059] The temperature inside the reaction tube was 380°
C., the pressure therein was 40 MPa, the time necessary for
passing through the reaction tube was 4 minutes, and the
temperature at the time of mjection was 270° C. Given the
circumstances, the product had a coetlicient of viscosity of
24.3 mPa*sec. This value was larger than that of common
biodiesel fuel (8.6 mPa*sec). The coeflicient of viscosity
was measured at 23° C. using CVI5000 (AND). The fatty
acid compositions of the fatty acid methyl esters in the
biodiesel fuel were as follows: 64% oleic acid (C18:1) by
weight; 1% linoleic acid (C18:2) by weight; 13% stearic
acid (C18:0) by weight; 14% palmitic acid (C16:0) by
weight; 3% eicosanoic acids (C20:0, C20:1, and C20:2) by
weight, and 5% medium chain fatty acids (C6 to C12) by
weight.

[0060] The temperature inside the reaction tube was 450°
C., the pressure therein was 40 MPa, the time necessary for
passing through the reaction tube was 4 minutes, and the
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temperature at the time of mjection was 270° C. Given the
circumstances, the product had a lowered coetlicient of
viscosity of 9.16 mPa*sec. The fatty acid compositions of
the fatty acid methyl esters in the biodiesel fuel were as
follows: 60% oleic acid (C18:1) by weight; 0.6% linoleic
acid (C18:2) by weight; 11% stearic acid (C18:0) by weight;
14% palmitic acid (C16:0) by weight; 2% eicosanoic acids
(C20:0, C20:1, and C20:2) by weight, and 12% medium
chain fatty acids (C6 to C12) by weight.

Example 3

[0061] According to the procedure described below,
biodiesel fuel was produced from commercially available
lard using the apparatus shown in FIG. 1. A coil form HC-22
reaction tube (inner diameter: 1.8 mm; length: 7.8 m;
interior volume: approximately 20 ml) was used.

[0062] Lard (high-quality lard; fat content: 99.5%; Miy-
oshi O1l & Fat Co., Ltd.) was placed into a tank 1 for starting
materials, and the content of the tank was heated and
maintamned at 60° C. i order to improve the ftluidity.
Methanol (reagent chemicals, Wako Pure Chemical Indus-
tries, Ltd.) was placed 1n a tank 2 for starting materials. A
delivery pump was adjusted so that the mixing ratio of lard
to methanol became 1:2. The temperature in the reaction
tube was 500° C., the pressure therein was 40 MPa, the time
necessary for passing through the reaction tube was 8
minutes, and the temperature at the time of injection was
300° C. Given the circumstances, the resulting biodiesel tuel
was comprised ol 56% various fatty acid methyl esters by
weight, 20% monoacylglycerol by weight, 10% diacylglyc-
crol by weight, 14% other aliphatic compounds by weight,
and less than 1% each triacylglycerol and glycerin by weight
(undetectable). Further, the fatty acid compositions of the
tatty acid methyl esters in the biodiesel fuel were as follows:
10% oleic acid (C18:1) by weight; 25% stearic acid (C18:0)
by weight; 33% palmitic acid (C16:0) by weight; 23%
medium chain fatty acids (C6 to C12) by weight; 4%
myristic acid (C14:0) by weight; 1.3% heptadecanoic acid
(C17:0) by weight; and 2.2% other fatty acids (C3, C15, and
C20) by weight.

[0063] When biodiesel fuel was produced from lard in
accordance with a conventional technique utilizing an alka-
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line catalyst, the fuel was solidified at approximately 10° C.
On the contrary, the biodiesel fuel produced by the method
described in this Example was not solidified even at 0° C.

INDUSTRIAL APPLICABILITY

[0064] According to the present invention, biodiesel fuel
can be produced without generating glycerin as a by-
product. Specifically, a more advanced carbon-cycle energy
system can be constructed according to the present mven-
tion. Since no by-product 1s produced 1n the present inven-
tion, the biodiesel fuel yield can be enhanced. Further, a
noncatalytic technique can eliminate the need for pretreat-
ment of a starting material, for neutralization and washing of
products, and for purging of washing liquid, which had been
essential in conventional production techniques.

[0065] All the publications, patents and patent applica-
tions cited herein are incorporated herein by reference in
their entirely.

1. A process for producing biodiesel fuel, wherein veg-
ctable or animal oils and fats or wastes thereof are mixed
with methanol, and a methanolysis reaction 1s carried out
without the use of a catalyst under reaction conditions where
glycerin 1s not generated.

2. The process according to claim 1, wherein the reaction
conditions where glycerin 1s not generated constitute a
reaction temperature ol between 370° C. and 300° C., a
reaction pressure of between 20 MPa and 60 MPa, and a
reaction period of between 4 minutes and 12 minutes.

3. The process according to claim 1, wherein degradation
of a carbon chain in a fatty acid group 1s carried out 1n
parallel with the methanolysis reaction.

4. The process according to claim 1, wherein the veg-
ctable or animal oils and fats or wastes thereof are mixed
with methanol at a volume ratio of 1:2 to 2:1.

5. The process according to claim 1, wherein the metha-
nolysis reaction 1s carried out in a Hastelloy reaction tube in
which adequate mixing conditions can be maintained.

6. Biodiesel fuel that 1s mainly composed of fatty acid
methyl esters, monoacylglycerol, and diacylglycerol.
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