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ENHANCED BIODIESEL PROCESS

FIELD OF THE INVENTION

[0001] The present invention relates to a method of manu-
facturing biodiesel. More specifically it concerns modifica-
tions to process conditions that enhance the speed at which
the two major products of the reaction, glycerin and methyl
ester, are separated.

DESCRIPTION OF PRIOR ART

[0002] The term biodiesel typically refers to any diesel fuel
substitute derived from renewable sources such as vegetable
oils or animal fats. Biodiesel is frequently mixed with petro-
leum diesel for use as a vehicle fuel.

[0003] The most common process for the production of
biodiesel involves the reaction of triesters or triglycerides
with an alcohol in the presence of a catalyst referred to as
transesterification. The triglycerides used in the reaction may
originate from sources including but not limited to 1) animal
fat such as beef tallow, 2) vegetable oils such as rapeseed,
corn, sunflower, soybean, coconut, canola, cottonseed, palm
seed, mustard seed, and 3) recycled sources such as restaurant
waste frying oils, and industrial waste grease. The alcohol is
most typically methanol, but ethanol may be used as well. The
products of the reaction are methyl ester and glycerin also
referred to in the art as glicerine or glycerol. The catalysts
most commonly used are sodium or potassium hydroxide and
the reaction is carried out at a pH between about 8.5 and 9.5.
Sodium hydroxide reacts with methanol to produce sodium
methylate NaOCH, which acts as a catalyst in the reaction to
produce methyl ester and glycerin.

[0004] The reaction between triglyceride and methanol
produces methyl ester generally known in the art as biodiesel,
having a general formula of:

e}

R—C—O0—CH;

where R is generally an alkyl group of about 15 to about 20
carbons. In the specific example below, the triglyceride mol-
ecule contains three different R groups (R, R, and R;). The
reaction of this molecule with the methanol and sodium
hydroxide catalyst thus results in three methyl ester mol-
ecules, each having a different R group. In other embodi-
ments, however, the R groups may be all the same or two of
the three may be the same.

e}

” NaOH
R,—C—O0—C—H + 3H—O—CH;) ——>

0 Methanol Catalyst

Triglyceride
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-continued
O
H
R—C—O—CH; |
o H—O0—C—H

R,—C—O0—cCH; + H—0—C—H

O H—O—C—H
R3—C—0—CH; it
Methy! ester Glycerin

[0005] Typically, about one unit of weight of glycerin is
produced for every ten units of weight of methyl ester. It is
desirable to remove any water from the feed source and to
minimize free fatty acid content as excess water and fatty
acids produce side reactions that reduce the efficiency and
yield of the biodiesel. Methyl esters react with water to pro-
duce fatty acids and methanol, and fatty acids react with
sodium methylate to produce soap and methanol as shown
below. Soap is an undesirable by-product of the reaction and
must be separated and removed.

RCOOCH;+H,0—>RCOOH+HOCH,
Methyl ester Water Fatty Acid Methanol

RCOOH+NaOCH;—=RCOONa+HOCH;

Fatty Acid Sodium Methylate Soap Methanol

[0006] The rate of transesterification reaction is strongly
dependent on temperature. At ambient temperatures, about
4-8 hours are required to complete the reaction. At 40° C.,
about 2-4 hours are required, while at 60° C., the reaction can
be completed in about 1-2 hours. While it may be desirable to
further reduce reaction time by increasing the reaction tem-
perature, this may be impractical since methanol boils at
about 65° C., and carrying out the reaction at 70° C. or above
may be deemed unsafe due to fire and explosion risks.
[0007] The biodiesel production process generally is
designed for the following sequence of steps:

[0008] a. Pre-treating the feed source containing triglyc-
eride,
[0009] b. Heating the pretreated feed source to the

desired reaction temperature,

[0010] c. Reacting the feed source with methanol and a
catalyst,
[0011] d. Recovering the methanol by distillation and

reusing the recovered methanol in subsequent biodiesel
production steps,

[0012] e. Separating the glycerin from the biodiesel and
recovering the biodiesel fraction and the glycerin frac-
tion,

[0013] £ Washing the biodiesel fraction with a weak and

dilute acid solution to neutralize the excess caustic and
decanting the wash solution,
[0014] g. Washing the biodiesel fraction with water to
remove soap followed by decanting the wash water, and
[0015] h. Distilling off excess water not removed by
decanting.
[0016] Feed source pretreatment can include filtration,
dehydration, degumming, de-acidification and bleaching
depending on whether the feed source is predominantly veg-
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etable oil or recycled oil and fat. The purpose of the pretreat-
ment is to reduce the free fatty acids in the feed source to
about 0.5% or less.

[0017] Anexample ofareactant mixture disclosed inthe art
is about 0.5% by weight of the feed source of sodium hydrox-
ide (NaOH) and 1 mole of the feed per 3 moles of methanol.
Alternatively, the catalyst is potassium hydroxide (KOH).
The transesterification reaction time is 2 hours at 60° C. and
the reaction is carried out at a pH of between about 8.5 and
about 9.5. Methanol distillation is carried out at about 65° C.
The acid wash is done using a weak acid such as acetic acid,
carbonic acid, citric acid or phosphoric acid. Water is boiled
off in the last step at about 120° C.

[0018] An alternative sequence may be to carry out the
separation of glycerin and methyl ester step before the metha-
nol distillation step. With this sequence, the separation of the
biodiesel fraction is followed by distilling off the methanol
from the biodiesel fraction, which in turn is followed by
washing the biodiesel to remove soap and other impurities.
The methanol is then distilled off the glycerin fraction, and
the methanol distilled from the two fractions is combined and
dehydrated. Finally, the recovered methanol is recycled back
into the biodiesel reactor.

[0019] Acid and water washing remove impurities from the
methyl ester including residual soaps, excess methanol,
residual lye, free glycerin and other contaminants that are
detrimental to the quality of the fuel and can adversely affect
engine performance.

[0020] Biodiesel produced primarily from soybean oil and
animal fats is commonly blended with diesel fuel up to 20%
for use in diesel powered engines. In some engines, fuel
blends comprising biodiesel contents higher than 20% are
used.

[0021] The separation of glycerin from the methyl ester can
be accomplished by allowing the glycerin, which is thicker
and heavier than methyl ester, to settle. The settling of glyc-
erin can take from several hours to a full day. A multitude of
methods used for speeding up glycerin separation are dis-
closed in prior art patents and publications. These include
microwave treatment, use of catalysts, centrifuging, filtration
through membranes, and ultrasonic irradiation. Pre-grant
publication No 20050274065 discloses methods for produc-
ing biodiesel transesterification, esterification, and esterifica-
tion-transesterification (both one-step and two-step) for pro-
ducing biofuels. The process may be enhanced by one or more
of the following: 1) applying microwave or RF energy; 2)
passing reactants over a heterogeneous catalyst at sufficiently
high velocity to achieve high shear conditions; 3) emulsifying
reactants with a homogeneous catalyst; or 4) maintaining the
reaction at a pressure at or above autogeneous pressure. Pre-
grant publication No. 20070033863 teaches methods of pro-
ducing biofuels from trap grease. Systems and apparatus also
are provided for implementing, for example and without limi-
tation, the methods described herein. Pre-grant publication
No. 20070004599 provides an improved process for the
preparation of lubricants from vegetable oil or fat obtained
from animal source. The present invention involves a reaction
of vegetable oil or fat with an alcohol in the presence of a
double metal cyanide catalyst, at a temperature in the range of
150 degrees to 200 degree C. for a period of 3-6 hrs to obtain
the desired bio-lubricant. Pre-grant publication No.
20060293533 is directed to esterification, and transesterifica-
tion of fats and oils is conducted using one or more hetero-
geneous solid catalysts in the presence of an alcohol and a

Jan. 27, 2011

cosolvent. In one example, esterification of free fatty acids in
fats and oils feedstock is conducted by contacting the feed-
stock with a solid catalyst having acidic groups. Transesteri-
fication of triglyceride in the feedstock is conducted by con-
tacting the feedstock with a solid catalyst having basic
groups. The disclosure further describes ester separation from
the by product glycerol using a centrifuge, gravity settling or
another equivalent technique, and the ester phase is water
washed to obtain high purity esters. U.S. Pat. No. 7,138,536
describes a process for producing fatty acid alkyl esters and
glycerol comprising at least one reaction stage in which a
charge comprising a vegetable and/or animal oil and an alco-
hol are brought into contact in the presence of a heteroge-
neous catalyst, so as to obtain an effluent comprising at least
alkyl esters, glycerol and alcohol, and at least one separation
stage during which a separation is carried out of at least one
portion of the effluent so as to separate an alcohol-rich efflu-
ent and an alkyl esters-rich effluent, at least one separation
stage consists of a membrane separation using at least one
alcohol-permeable membrane. U.S. Pat. No. 7,045,100
describes a method for producing fatty acid methyl ester,
including compounding saturated and unsaturated higher
fatty substances from at least one of vegetable and animal
with an alkaline solution dissolved in alcohol to form a mix-
ture. The method also includes emulsifying the mixture to
reach a chemical balance state in a reaction section, wherein
fats are transesterified into fatty acid methyl ester, wherein
border surfaces of the mixture are enlarged by dynamic tur-
bulence in the reaction section and the transesterification is
performed under pressure, and wherein the pressure is
reduced during transesterification. U.S. Pat. No. 6,884,900
provides a method for producing a fatty acid alcohol ester
useful as a substitute fuel for light oil in which an ester
interchange reaction between fats or oils and alcohol is car-
ried out in a reactor by applying ultrasonic irradiation at a
frequency of 15 to 100 kHz and irradiation intensity of 0.5 to
20 W/cm? in the presence of a catalyst, followed by an appli-
cation of ultrasonic irradiation at a frequency of 200 to 3,000
kHz and irradiation intensity of 0.5 to 20 W/cm? to the reac-
tion product in a separation tank 4 to separate fatty acid
alcohol ester and glycerol. Such ultrasonic irradiation in the
separation tank may be applied to an interface between fatty
acid alcohol ester and glycerol. U.S. Pat. No. 7,087,771 refers
to a method for making alkyl esters (e.g., methyl ester), such
as biodiesel, from an oil source. The method involves con-
verting the free fatty acids of the oil source into a mixture of
mono-, di-, and tri-glycerides and subsequently transesteri-
fying the newly formed glycerides as well as the originally
present glycerides into fatty acid alkyl esters.

SUMMARY OF THE PRESENT INVENTION

[0022] The method of the present invention for producing
methyl ester comprises: providing a feed source containing
triglyceride; blending an alcohol and a catalyst with the feed
source to produce a reactant mixture comprising of alcohol,
pretreated feed source and catalyst; heating the reactant mix-
ture to a predetermined reaction temperature; reacting the
reactant mixture for a predetermined reaction time to produce
aproduct mixture comprising of methyl ester, glycerin, alco-
hol and catalyst; blending an agglomerating polymer with the
product mixture; heating the product mixture to a predeter-
mined separation temperature; separating a glycerin fraction
from a methyl ester fraction; recovering the methyl ester
fraction; and recovering the glycerin fraction;
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[0023] These and other features, aspects and advantages of
the present invention will become better understood with
reference to the following drawings, description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a schematic of a biodiesel process accord-
ing to an embodiment of the present invention.

[0025] FIG. 2 is a schematic of a biodiesel process accord-
ing to another embodiment of the present invention.

[0026] FIG. 3 is a schematic of a biodiesel process accord-
ing to yet another embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0027] It is the object of the present invention to provide a
process of separating the glycerin from methyl ester that is
more effective and one that is significantly faster than that
achievable in the current art without the need of additional
equipment or steps such as microwave treatment, catalysis,
centrifuging, filtration through membranes, and ultrasonic
irradiation.

[0028] Anembodiment ofthe biodiesel production process
of'the present invention comprises blending an agglomerating
polymer with the mixture of the products of the reaction at an
amount of about 0.5 parts per million to about 100 parts per
million by the weight of the feed source, and preferably
between about 5 parts per million to about 25 parts per million
by the weight of the feed source. An exemplary embodiment
for a specific process sequence is as follows:

[0029] 1. Providing a triglyceride feed source that may
contain oil from varied sources including animal fat such as
beef tallow, vegetable oils such as rapeseed, corn, sunflower,
soybean, coconut, canola, cottonseed, palm seed, mustard
seed, and recycled sources search as restaurant waste frying
oils, and industrial waste grease.

[0030] 2. Heating the triglyceride feed source to a prede-
termined reaction temperature,

[0031] 3. Reacting the pre-treated feed source with metha-
nol and a catalyst at the reaction temperature to produce a
products mixture of methyl ester, glycerin, and residual
methanol and catalyst. The product mixture may also contain
impurities that are either contained in the oil feed source or
are byproducts of the reaction such as residual soaps, excess
methanol, residual lye, water and free fatty acids,

[0032] 4. Blending an agglomerating polymer with the
products mixture at an amount of about 0.5 parts per million
to about 100 parts per million by the weight of the pretreated
feed source, and more preferably between about 5 parts per
million to about 25 parts per million,

[0033] 5. Heating the product mixture and agglomerating
polymer to a temperature conducive for separating the glyc-
erin from the methyl ester, and

[0034] 6. Precipitating the glycerin and separating the glyc-
erin fraction from the methyl ester fraction. In this embodi-
ment of the present invention, most of the excess un-reacted
methanol is contained in the glycerin fraction.

[0035] The reaction may take place in a temperature range
between about 25° C. to about 50° C., but preferably in the
temperature range of about 35° C. to about 45° C. for a time
ranging from about 20 minutes to about 60 minutes. The
catalyst may be sodium hydroxide or potassium hydroxide
added to achieve a pH of the reactant mixture of between
about 8.5 and about 9.5. The methanol is typically added in
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excess over the stoichiometric amount of three moles of
methanol to one mole of triglyceride to speed up the reaction.
[0036] Inanother embodiment of the present invention, the
triglyceride source is pretreated by processes known in the art
including dehydration, filtration, degumming, de-acidifica-
tion and bleaching depending on whether the feed source is
predominantly vegetable oil or recycled oil and fat. Pretreat-
ment of the triglyceride source may also be accomplished by
blending an agglomerating polymer with the triglyceride
source and precipitating and removing impurities present in
the triglyceride source. An exemplary process for pretreating
the triglyceride source in this manner comprises: heating the
triglyceride source to a temperature in a range of between
about 25° C. to about 35° C.; blending an amount of a caustic
solution ranging from about 0.2% to about 2% by weight with
the triglyceride source and mixing the triglyceride source
with the caustic solution for at least 10 minutes; heating the
blend of the triglyceride source and caustic solution to a
temperature ranging from between about 40° C. to about 70°
C.; adding an amount of an agglomerating polymer to the
blend of the triglyceride source and caustic solution ranging
between about 1 parts per million and about 25 parts per
million of the triglyceride source; mixing the blend of the
triglyceride source and caustic solution with the agglomerat-
ing polymer for an amount of time ranging between about 2
minutes and 15 minutes to achieve a well dispersed blend of
the triglyceride source, caustic solution and agglomerating
polymer; precipitating an impurities residue layer from the a
refined triglyceride layer; and separating the impurities resi-
due layer from the refined triglyceride layer.

[0037] The glycerin precipitation temperature may range
from about 40° C. to about 80° C., and more preferably
between about 60° C. to about 70° C. To precipitate the
glycerin, the products mixture and the agglomerating poly-
mer are allowed to settle for a time ranging from about two
hours and four hours.

[0038] The agglomerating polymer is selected from the
group consisting of sodium acrylate acrylamide copolymer,
polydimethylamine-epichlorohydrin,  polydicyandiamide,
diallyldimethyl-ammonium chloride, poly-diallyldimethyl-
ammonium chloride (Poly-DADMAC), or combinations
thereof.

[0039] Alternate embodiments of the biodiesel process
may additionally include any one of the following steps as
needed or desired:

[0040] a. Recovering the methanol from the products mix-
ture by distilling the product mixture and reusing the recov-
ered methanol in subsequent biodiesel production steps,
[0041] b. Washing the biodiesel fraction with a weak and
dilute acid solution to neutralize the excess caustic and
removing the wash solution by decanting,

[0042] c. Washing the biodiesel fraction with water to
remove soap followed by removing the wash water by decant-
ing, and

[0043] d. Distilling off excess water not removed by
decanting.

[0044] The methanol distillation step may be carried out
from the products mixture before blending the agglomerating
polymer or after blending the agglomerating polymer with
the products mixture.

[0045] The separation of glycerin from the biodiesel is
done under this sequence by gravity as the glycerin, which is
heavier than the biodiesel, precipitates to the bottom of the
holding tank. The acid wash is accomplished using a weak
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acid. Weak acids suitable for this purpose include citric acid,
carbonic acid, phosphoric acid and acetic acid.

[0046] In one embodiment of the present invention, the
agglomerating polymer is polydicyandiamide (DMD), a
branched polyamine. Polydicyandiamide is obtained from
the reaction of dicyandiamide monomer and formaldehyde as
shown below:

HzN —C— NHZ

N 2 HCHO
_ formaldehyde
C=N
Dicyandiamide
CH,0H
H(N—C— NHCH,),—OH
C=N
Polydicyandiamide
[0047] In this embodiment, the molecular weight of the

Polydicyandiamide is between about 3000 and 150,000 and it
has a high cationic charge level.

[0048] Inanother embodiment of the present invention, the
agglomerating polymer is polydimethylamine-epichlorohy-
drin which is a linear cationic polyamine obtained from the
reaction of dimethylamine and epichlorohydrin:

HsC @
HZC\ Base
NH Ot | _CH—CH,
O \
H;C Cl
Dimethylamine Epichlorohydrin
H3C\ (|)H
/LNK P /]/ + Cr
/ CH, CH, "
HC

Polydimethylamine-
epichlorohydrin

(® indicates text missing or illegible when filed

The molecular weight of the polydimethylamine-epichloro-
hydrin is ideally between about 10,000 and 1,000,000.

[0049] In yet another embodiment of the present invention,
the agglomerating polymer is diallyldimethyl-ammonium
chloride (DADMAC), or poly-diallyldimethyl-ammonium
chloride (Poly-DADMAC), a cationic branched polyamine
that is a product of the reaction between dimethylamine and
allyl chloride. Diallyldimethyl-ammonium chloride and
poly-diallyldimethyl-ammonium chloride are produced by
the same reaction shown below, but diallyldimethyl-ammo-
nium chloride is made under conditions that inhibit polymer-
ization while the poly-diallyldimethyl-ammonium chloride is
made under conditions that promote polymerization. The
molecular weight of the poly-diallyldimethyl-ammonium
chloride is ideally between about 10,000 and 1,000,000.
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HsC
Cl
NH + P ——
CH,=—CHCH,
H;C
Allyl Chloride

Dimethylamine

—fCH, HyCH—

\ /

HC—CH
HC CH +Cr

N*
/' \

H;C CH,

PolyDiallyldimethyl-ammonium chloride

[0050] Inyetanother embodiment of the present invention,
the agglomerating polymer is sodium acrylate acrylamide
copolymer. This polymer may be made from the reaction
between an acrylamide monomer and an acrylic acid mono-
mer as shown below. The sodium acrylate acrylamide copoly-
mer of the present invention preferably has a charge density
between about 25% and 75% and a molecular weight of
between 8 million and 28 million:

CH,=—CH CH,—CH
] + C=0 ——
T o | NaOH
NH, OH
Acrylamide Acrylic acid
CH,—cH——F LHZ—TH
T =0 T =0
NH, ONa
m
Sodium Acrylate Acrylamide copolymer
[0051] The catalyst in the present invention may be sodium

hydroxide or potassium hydroxide added at about 0.5%
-1.5% by weight of the feed source resulting in a reaction pH
of about 8.5 to about 9.5. The catalyst combines with the
methanol to produce sodium methylate or potassium methy-
late which reacts with the triglycerides to produce methyl
ester and glycerin.

[0052] The incorporation of the agglomerating polymer
causes the agglomeration of the glycerin which greatly
enhances the speed of separation of the glycerin fraction from
the biodiesel. This separation may occur within about two to
about 4 hours.

[0053] Inanother embodiment ofthe present invention pro-
cess, the separated methyl ester is passed through a dry des-
iccant and ion exchange resin such as Purolite® PD 206 or
Purolite® D9957 to remove residual glycerin, trace methanol
and water as well as salts, catalysts, and soaps from crude
biodiesel.

[0054] Centrifuging the product mixture may additionally
be desirable to further enhance the speed of the separation
between the methyl ester and glycerin.

[0055] FIG. 1 represents an embodiment of the biodiesel
process of the present invention comprising mixing methanol
with a catalyst, such as sodium hydroxide or potassium
hydroxide, then mixing with the triglyceride feed source in a
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heated reaction vessel. This is then followed by blending the
agglomerating polymer with the product mixture in a heated
vessel. The product mixture is allowed to settle wherein the
glycerin fraction precipitates by gravity and separates from
the methyl ester fraction. If needed, the methyl ester is sub-
sequently washed with a weak acid then washed with water to
remove impurities. The water wash may be decanted and any
residual water is removed by distillation.

[0056] FIG. 2 represents an embodiment of the biodiesel
process of the present invention comprising mixing methanol
with a catalyst, such as sodium hydroxide or potassium
hydroxide, then mixing with the triglyceride feed source in a
heated reaction vessel. After the biodiesel reaction takes
place, the methanol is distilled off the products mixture from
which the recovered methanol is recycled back into the mix-
ing and reaction vessel for reuse. This is then followed by
blending the agglomerating polymer with the product mix-
ture in a heated vessel. The product mixture is allowed to
settle wherein the glycerin fraction precipitates by gravity and
separates from the methyl ester fraction. I[f needed, the methyl
ester is subsequently washed with a weak acid then washed
with water to remove impurities. The water wash may be
decanted and any residual water is removed by distillation.
[0057] Referring to FIG. 3, an embodiment for producing
biodiesel comprises mixing methanol with a catalyst, such as
sodium hydroxide or potassium hydroxide, then mixing with
the triglyceride feed source in a heated reaction vessel. After
the biodiesel reaction takes place, an agglomerating polymer
is mixed with the product mixture, followed by the distillation
of the methanol from the product mixture, from which the
recovered methanol is recycled back into the mixing and
reaction vessel for reuse. The product mixture is allowed to
settle wherein the glycerin fraction precipitates by gravity and
separates from the methyl ester fraction. I[f needed, the methyl
ester is subsequently washed with a weak acid then washed
with water to remove impurities. The water wash may be
decanted and any residual water is removed by distillation.

EXAMPLES

[0058] Inthe following examples, 1000 cc of a triglyceride
feed source was reacted with 200 cc of methanol and sodium
hydroxide catalyst. An agglomerating polymer was blended
with the reactants mixture of methanol, catalyst and triglyc-
eride feed source. The total percent glycerin in the methyl
ester including free and bound glycerin was determined by
subjecting the methyl ester to a temperature below 32° C. and
observing any precipitated deposits at the bottom of the bea-
ker. The absence of any deposits indicated that the total per-
cent glycerin in the methyl ester was less than 0.21%. The
reaction conditions and outcomes were as follows:

Example 1
[0059] Conditions
[0060] Triglyceride feed source: sunflower oil
[0061] Feed source pretreatment: none
[0062] % Fatty acids in the feed source: 0.06
[0063] Process:
[0064] Methanol: 200 cc
[0065] Catalyst: Sodium hydroxide added at 0.9% by
weight
[0066] pH:9
[0067] Reaction temperature: 45° C.
[0068] Reaction time: 40 minutes
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[0069] Agglomerating polymer: poly-diallyldimethyl-
ammonium chloride

[0070] Polymer application rate: 15 parts per million by
weight of the feed source

[0071] Polymer mixing time: 10 minutes

[0072] Separation temperature: 70° C.

[0073] Results

[0074] Separation time: 3 hours

[0075] % total glycerin in the methyl ester: less than
0.21%

Example 2

[0076]
[0077]

Conditions
Triglyceride feed source: canola oil

[0078] Feed source pretreatment: none
[0079] % Fatty acids in the feed source: 0.06
[0080] Process:
[0081] Methanol: 200 cc
[0082] Catalyst: Sodium hydroxide added at 0.9% by
weight
[0083] pH:9
[0084] Reaction temperature: 45° C.
[0085] Reaction time: 40 minutes
[0086] Agglomerating polymer: poly-diallyldimethyl-

ammonium chloride
[0087] Polymer application rate: 15 parts per million by
weight of the feed source

[0088] Polymer mixing time: 10 minutes
[0089] Separation temperature: 70° C.
[0090] Results

[0091]
[0092]

Separation time: 2 hours
% glycerin in the methyl ester: less than 0.21
Example 3

[0093]
[0094]

Conditions
Triglyceride feed source: fried oil

[0095] Feed source pretreatment: none
[0096] % Fatty acids in the feed source: 0.02%
[0097] Process:
[0098] Methanol: 200 cc
[0099] Catalyst: Sodium hydroxide added at 1.1% by
weight
[0100] pH:9.5
[0101] Reaction temperature: 45° C.
[0102] Reaction time: 40 minutes
[0103] Agglomerating polymer: polydicyandiamide
[0104] Polymer application rate: 15 parts per million by

weight of the feed source

[0105] Polymer mixing time: 10 minutes
[0106] Separation temperature: 70° C.
[0107] Results

[0108] Separation time: 3 hours
[0109] % glycerin in the methyl ester: less than 0.21%
Example 4
[0110] Conditions
[0111] Triglyceride feed source: soybean oil
[0112] Feed source pretreatment: none
[0113] % Fatty acids in the feed source: 0.07
[0114] Process:
[0115] Methanol: 200 cc
[0116] Catalyst: Sodium hydroxide added at 0.7% by

weight
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[0117] pH:9
[0118] Reaction temperature: 45° C.
[0119] Reaction time: 40 minutes
[0120] Agglomerating polymer: polydicyandiamide
[0121] Polymer application rate: 5 parts per million by
weight of the feed source
[0122] Polymer mixing time: 10 minutes
[0123] Separation temperature: 70° C.
[0124] Results
[0125] Separation time: 2 hours
[0126] % glycerin in the methyl ester: less than 0.21

Example 5

[0127] Conditions
[0128] Triglyceride feed source: cotton seed oil

[0129] Feed source pretreatment: none

[0130] % Fatty acids in the feed source: 0.09
[0131] Process:

[0132] Methanol: 200 cc

[0133] Catalyst: Sodium hydroxide added at 1% by

weight

[0134] pH:9

[0135] Reaction temperature: 45° C.

[0136] Reaction time: 40 minutes

[0137] Agglomerating polymer: polydicyandiamide

[0138] Polymer application rate: 15 parts per million by

weight of the feed source

[0139] Polymer mixing time: 10 minutes

[0140] Separation temperature: 70° C.

[0141] Results

[0142] Separation time: 3 hours

[0143] % glycerin in the methyl ester: less than 0.21

We claim:

1. A method to produce methyl ester comprising:

providing a feed source containing triglyceride;

blending an alcohol and a catalyst with the feed source to

produce a reactant mixture comprising of alcohol, pre-
treated feed source and catalyst;

heating the reactant mixture to a predetermined reaction

temperature;

reacting the reactant mixture for a predetermined reaction

time to produce a product mixture comprising of methyl
ester, glycerin, alcohol and catalyst;

blending an agglomerating polymer with the product mix-

ture;

heating the product mixture to a predetermined separation

temperature;

precipitating a glycerin fraction from a methyl ester frac-

tion;

separating the glycerin fraction from the methyl ester frac-

tion;

recovering the methyl ester fraction; and

recovering the glycerin fraction;

2. The method of claim 1, wherein a sufficient amount of
catalyst is added to adjust the reactant mixture to a predeter-
mined pH.

3. The method of claim 2, wherein the predetermined pH is
in a range of about 8.5 and 9.5.
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4. The method of claim 1, wherein the catalyst is sodium
hydroxide.

5. The method of claim 1, wherein the catalyst is potassium
hydroxide.

6. The method of claim 1 further comprising:

separating the methanol from the product mixture and

recovering a separated methanol stream; and

reusing the separated methanol stream in subsequent pro-

cess steps.

7. The method of claim 6 further comprising:

washing the methyl ester fraction with acid;

washing the methyl ester fraction with water;

separating a residual acid wash and wash water from the

methyl ester fraction; and

passing the methyl ester through a dry desiccant and ion

exchange resin.

8. The method of claim 1, wherein separating the glycerin
fraction from the methyl ester fraction comprises providing a
predetermined time period for the product mixture to separate
into two phases by gravity.

9. The method of claim 1, wherein the alcohol comprises
methanol.

10. The method of claim 1, wherein the agglomerating
polymer is blended with the product mixture at an amount of
about 0.5 parts per million to about 100 parts per million by
weight of the feed source.

11. The method of claim 10, wherein the agglomerating
polymer is blended with the product mixture at an amount of
about 5 parts per million to about 25 parts per million by
weight of the feed source.

12. The method of claim 1, in which the agglomerating
polymer is selected from the group consisting of sodium
acrylate acrylamide copolymer, polydimethylamine-epichlo-
rohydrin, diallyldimethyl-ammonium chloride, poly-dial-
lyldimethyl-ammonium chloride, polydicyandiamide, and
any combinations thereof.

13. The method of claim 1, wherein the predetermined
reaction temperature is in a range between about 25° C. and
about 50° C.

14. The method of claim 13, wherein the predetermined
reaction temperature is in a range between about 35° C. and
about 45° C.

15. The method of claim 1, wherein the predetermined
separation temperature is in a range between about 40° C. and
about 80° C.

16. The method of claim 15, wherein the predetermined
separation temperature is in a range between about 60° C. and
about 70° C.

17. The method of claim 1 further comprising centrifuging
the product mixture.

18. The method of claim 1, wherein the predetermined
reaction time ranges from about 20 minutes to about 60 min-
utes.

19. The method of claim 1, wherein the predetermined
precipitation time ranges from about 2 hours to about 4 hours.

20. The method of claim 1 further comprising pre-treating
the feed source containing triglyceride.
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