A NEW PROCESS FOR PRODUCI NG BI ODI ESEL FROM O LS AND
FATS CATALYZED BY LI PASE I N ORGANI C MEDI UM REACTI ON
SYSTEM Abstract: This invention provides a new
process for producing biodiesel fromoils and fats
catal yzed by lipese in organic nediumreaction
system In this process, a short chain alcohol ROH s
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comparable with the conventional petroleum-based diesel, while after
combustion, the content of harmful substances in the exhaust gas
decreases approximately by 50% as compared with the conventional
petroleum-based diesel. By far, wide attentions have been drawn to the
studies and applications regarding biodiesel.

Cumrently, biodiesel is manufactured mainly through chemical
methods, Particularly, vegetable oils and/or animal fats are used as a
source of long chain fatty acids and a transesterification reaction between
the long chain fatty acids and some short chain alcohols, such as
methanol or ethanol, is camried out in the presence of an acid or base
catalyst, and short chain ester of the fatty acids are obtained. However,
some inevitable disadvantages exist in chemical methods as follows::

(1). Free fatty acid and water contained in the renewable oil raw
material severely spoil the reaction,;

(2). Emulsion is undesirably fonmed due to the poor solubility of
alcohol in renewable oils, and the subsequent treatment steps are
complicated;



system BACKGROUND As a prom sing material of
renewabl e oil industry, biodiesel is a long chain
fatty acid ester produced fromrenewabl e oil through
transesterification reaction. Biodiesel is a novel,
pol l uti onl ess and recoverabl e energy source. The
conbusti on performance of biodiesel is conparable
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andqsdcoadbnt thef presence of the excess alcohol may lead to severe
deactivation of the enzyme. Therefore, during the process of biodiesel
production by the biological enzyme method, batch addition of short
chain alcohol is generally adopted to moderate the poisonous effect
imposed on the enzyme. However, this process is complicated in
operation and needs long reaction time. Additionally, a short chain
alcohol is used as an acyl acceptor, and byproduct glycerin is produced
during the course of reaction, then the hydrophilic glycerin readily
adheres to the inner pores and the outer surface of the immobilized
enzyme forming a “shield” on the active sites of the enzyme, and severely
affecting the reactivity of the enzyme. Furthermore, the yield of biodiesel
synthesized by the enzyme process is relatively low compared with that
by the conventional chemica] process. To solve above-mentioned
problems in a biological enzyme process, some scholars have tried to




devel opi ng Green Chem stry, and thus have attracted
nore and nore attention. However, when conpared with
the chem cal process, there exist sone problens in
t he bi ol ogi cal enzyne process. In an article entitled
Enzymatic al coholysis for biodiesel fuel production
and application of the reaction to oil processing
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by volume of an organic solvent based on the volume of the renewable oil,
and 2 to 30% by weight of a lipase based on the weight of the renewable
oil are added into an enzyme reactor and mixed evenly, and the mixture is
heated to 20 to 60°C to react for 4-24 hours to convert the renewable oil
raw Tnaterial into biodiesel and a byproduct glycerin.
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BEST MODE OF THE INVENTION
In the process according to the present invention, said relatively
hydrophilic organic solvent is preferably selected from the group
consisting of tert-butanol and short chain fatty acid ester RCOOR/,



hydr ophobi ¢ sol vents can not dissol ve | ower carbon
al cohol, such as nethanol, as well as the byproduct
glycerin effectively, the reactivity and Ilifetime of
the enzyne, and the yield of biodiesel can not be
i mproved notably. SUMMARY OF THE | NVENTI ON Ther ef or e,
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added is 50% to 100% by volume based on the volume of the renewable
oil.
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Said enzyme reactor may be a triangle flask with a plug, or other
suitable enzyme reactors. Preferably, the heating step is carried out in an
automatically thermostatic oscillating shaker or in various other
bio-reactors suitable for enzyme catalyzed reaction. The prefemed
temperature for the reaction is 30 10 50°C,

The advantages of the process of the present invention corprise the
improvement of the lipase reactivity, prolongation of the lifetime of the
lipase, and remarkable increase in the yield of biodiesel. This new



and residues of refined oil. Said vegetable oil

conprises castor oil, rapeseed oil, soybean oil

peanut oil, corn oil, cottonseed oil, rice oil, algae
oil and m xtures thereof. Said animal oil and fat
conprise fish oil, lard and m xture thereof. 1In said

short chain alcohol ROH R is an alkyl group having 1
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for 6 hours. 9.64g biodiesel was produced with an yield of about 100%.

Example 2

Into a triangle flask with a plug, methanol and soybean oil in a molar
ratio of 3:1 (9.65g soybean oil) together with 20% by volume of
tert-butanol based on the volume of the soybean o1l were added and
mixed evenly, the flask was placed in an automatically thermostatic
oscillating shaker, and the mixture was heated to 20°C, then 2% by
weight of immobilized lipase Novozym 435 based on the weight of the
soybean oil was added to start reaction, and the reaction was carried out
for 24 hours. 9.17g biodiesel was produced with an yield of 95%.



Exanple | Into a triangle flask wth a plug, nethanol
and rapeseed oil in a nolar ratio of 4:1 (9. 65¢g
rapeseed oil) together with 100% by vol une of
tert-butanol based on the volune of the rapeseed oil
were added and m xed evenly, the flask was placed in
an automatically thernostatic oscillating shaker, and
ELemB] jure was heated to 40'C, then 10%by weight of
a | nfiobi li zed I:ﬁase Novozym 435 based on the wei ght
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edible oil) togéther with 80% by vol ume
tert-butanol based on the volune of the vvaste edi bl e
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Into a friangle flask with a plug, methanol and soybean oi] in a molar
ratio of 3:1 (9.65g soybean cil) together with 50% by volume of
tert-butanol based on the volume of the soybean oil were added and
mixed evenly, the flask was placed in an automatically thermostatic
oscillating shaker, and the mixture was heated to 40°C, then 20% by
weight of immobilized lipase Lipozyme TL based on the weight of the
soybean oil was added to start reaction, and the reaction was carried out
for 10 hours. 9.1g biodiesel was produced with an yield of 94%.

Example 6

Into a triangle flask with a plug, pentanol and rapeseed oil in a molar
ratio of 4:1 (9.65g rapeseed oil) together with 100% by volume of butyl
butyrate based on the volume of the rapeseed oil were added and mixed



and m xed evenly, the flask was placed in an
automatically thernostatic oscillating shaker, and
the m xture was heated to 40C, then 10% by weight of

i mobi li zed |i pase Novozym 435 based on the wei ght of
the waste edible oil was added to start reaction, and
the reaction was carried out for 7 hours. 9.65g
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According to the above~mentioned examples, when tert-butanol or a
short chain fatty acid ester RCOOR' (wherein R and R' are independently
an alkyl group having 1 to 4 carbon atoms) is used as an organic medium,
and a short chain alcohol ROH (wherein R is an alkyl group having 1 to 5
carbon atoms) is used as an acyl acceptor, various renewable oil raw
materials (castor oil, rapeseed oil, cottonseed oil, waste edible oil,
soybean oil, fish oil, lard, residues of refined oil and algae oil, etc,) can be
converted into biodiesel effectively under a suitable temperature
condition upon the addition of 2 to 30% by weight based on the weight of
the renewable oil of an immobilized lipase, such as Novozym 435
(available from Candida antarctica), Lipozyme RM (available from



out for 10 hours. 9.1g biodi esel was produced with an
yield of 94% Exanple 8 The |ipase renai ned after the
reaction of exanple 1 was filtered and wused in the
next reaction batch, while other reaction conditions
were kept as sanme as those in exanple 1, and the

i pase was used repeatedly 10 tines in the sane way.
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lapygéenasss). According to the above-nentioned exanpl es,
when tert-butanol or a short chain fatty acid ester
RCOOR (wherein R and R are independently an al kyl
group having 1 to 4 carbon atons) is used as an
organi ¢ nmedium and a short chain al cohol ROH
(wherein Ris an alkyl group having I to 5 carbon
atons) is used as an acyl acceptor, various renewabl e

oil raw materials (castor oil, rapeseed oil
cottonseed oil, waste edible oil, soybean oil, fish
oil, lard, residues of refined oil and al gae oil

etc.) can be converted into biodiesel effectively
under a suitable tenperature condition upon the
addition of 2 to 30% by wei ght based on the wei ght of
the renewable oil of an immbilized |ipase, such as
Novozym 435 (avail able from Candi da antarctica),

Li pozyme RM (avail able from 7 Rhizomucor m ehei) and
Li pozynme TL (avail abl e from Thernomyces | anugi nosus).
8 WHAT IS CLAIMED IS: 1. A process for producing

bi odi esel fromrenewable oil under |ipase catalysis
in an organi c nediumreaction system wherein a short
chain alcohol ROH is used as an acyl acceptor, a
relatively hydrophilic organic solvent having no
negative effect on the reactivity of the lipase is
used as a reaction nedium and a renewable oil raw
material is catalyzed by a |ipase to synthesize

bi odi esel through a transesterification reaction,
characterized in that: the short chain al cohol and the
renewabl e oil raw material having an

al cohol /renewabl e oil nolar ratio of 3:1 to 6:1,
together with 20-200% by



vol une of the organic solvent based on the vol une of
the renewable oil, and 2-30% by weight of the |ipase
based on the wei ght of the renewable oil are added
into an enzynme reactor and m xed evenly, the m xture
iIs then heated to 20-60'C to react for 4-24 hours to
convert the renewable oil raw material into biodiesel
WHDA VIS OfluaniBhyperin. 2. The process for producing
bi odi esel fromrenewabl e oil under [|ipase catalysis
in an organi c nediumreaction systemas clained in
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lipase catalysis in an organic medium reaction system as claimed in claim
1, characterized in that:

said relatively hydrophilic organic solvent is selected from the group
consisting* of tert-butanol and short chain fatty acid ester RCOOR’,
wherein R and R’ are independently an alkyl group having 1 to 4 carbon
atorns.

3. The process for producing biodiesel from renewable oil under
lipase catalysis in an organic medium reaction system as claimed in claim
1, characterized in that:

said lipase is a microorganism lipase.

4. The process for producing biodiesel from renewable oil under
lipase catalysis in an organic medium reaction system as claimed in claim
3, characterized in that:

said microorganism lipase comprises Lipozytme TL, Lipozyme RM,



| i pase catalysis in an organic medi umreaction system
as clainmed in claim 6, characterized in that: said

veget abl e renewabl e oil conprises castor oil, rapeseed
oil, soybean oil, peanut oil, corn oil, cottonseed
oil, rice oil, algae oil and m xtures thereof. 8. The
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process for producing biodiesel fromrenewable oil _
underid vegetable renewable oil comprises castor oil, rapeseed oil,

soybean oil, peanut oil, com oil, cottonseed oil, rice oil, algae-oil and
mixtures thereof.

8. The process for producing biodiesel from renewable oil under
lipase catalysis in an organic medium reaction system as claimed in claim
6, characterized in that:

said animal renewable oil comprises fish oil, lard and mixture
thereof.

9. The process for producing biodiesel from renewable oil under
lipase catalysis in an organic medium reaction system as claimed in claim
1, characterized in that:

in said short chain alcohol ROH, R is an alkyl group having 1 fo 5
carbon atoms.

10. The process for producing biodiesel from renewable oil under
lipase catalysis in an organic medium reaction system as claimed in claim



| i pase catalysis in an organic medi umreaction system
as clainmed in claim 1, characterized in that: the
heating step is carried out in an automatically
thernostatic oscillating shaker. 14. The process for
produci ng bi odi esel fromrenewable oil under |ipase
catal ysis in an organic nmediumreaction system as
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react EIQ erature is in the range of 30C to 50C.
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13. The process for producing biodiesel from renewable oil under
lipase catalysis in an organic medium reaction system as claimed in claim
1, characterized in that:

the heating step is camried out in an automatically thermostatic
oscillating shaker.

14, The process for producing biodiesel from renewable oil under
lipase catalysis in an organic medium reaction system as claimed in claim
1, characterized in that:

the reaction temperature is in the range of 30°C to 50°C.
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