A PROCESS FOR PRODUCI NG BI ODI BSEL FROM RENEWABLE QO L UNDER LI PASE
CATALYSI S I N AN ORGANI C MEDI UM REACTI ON SYSTEM TECHNI CAL FI ELD The
present invention relates to the field of bio-fuel synthesis, and
nore particularly, relates to a new process for produci ng bi odi esel
from renewable oil under |ipase catalysis in an organic nedi um
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transesterification reaction. Biodiesel is a novel, pollutionless and
recoverable energy source. The combustion performance of biodiesel is
comparable with the conventional petroleum-based diesel, while after
combustion, the content of harmful substances in the exhavst 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.

Currently, biodiesel is manufactured mainly through chemical
methods, Particularly, vegetable oils andfor 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 carried 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 formed due to the poor solubility of
alcohol in renewable oils, and the subsequent treatment steps are
complicated;



al cohol in renewable oils, and the subsequent treatnment steps are
conplicated; (3). As required by the process, the amount of short
chain al cohol wused is nuch nore than the reaction nolar ratio, and
the evaporation/reflux of the excess short chain alcohol leads to
i ncreased energy consunption. In contrast, synthesizing biodiesel
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some problems in the biological enzyme pracess, In an article entitled
Enzymatic alcoholysis for blodiesel fuel production and application of the
reaction to oil processing (Journal of Molecular Catalysis B: Enzymatie,
2002, 17: 133-142) writteri by Shimada Yuji et al,, it is reported that
firstly, the poor solubility of short chain alcohols, such as methanol and
ethanol, in the renewable oil raw material is mfavorable for the reaction:
and secondly, the 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 aceeptor, and byproduct glycerin is produced
during the course of reaction, then .the hydrophilic glycerin readily
adberes to the inmer 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 chemical process. To solve above-mentioned
problems in a biological enzyme process, some scholars have iried to
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.adheres to the inner pores and the outer surface of the i mobilized
enzyne formng a "shield" on the active sites of the enzyne, and
severely affecting the reactivity of the enzyne. Furthernore, the
yi el d of biodiesel synthesized by the enzyne process is relatively

| ow conpar eg with that by the conventional chem cal process. To
sol ve ab nes thiodiede] 1Br | | [ NZY: r sone
schol ars(prfGVf tr {ﬁd t 2&?595%2%%%5‘?&3?@ 5&%&6&5 ggtr#?egf}ﬁggﬁm
reaction @E % phtifled | Enpeptia alraholusis far bietiesehfiol | modaogomiand

Ceact s on 2 "f‘?‘ffiogir o T et B DY D 00e B0l (B8l bt Miohiutah®
Enzymat : (gatﬁﬁﬁkg 1 Enzysmticg 2008y 171 b3ﬂd¢2$mhﬁtﬁab?lﬂﬁimﬂﬁai’uji ﬁ‘d’a&t ,
sone re : anjc solvents, su exane,
cycl ohex %éeﬁ’/ gkr%w;}eétj ér&%\geelg éﬁrgﬁ% §Hﬁ'§@w&§83m&ss BERIS; @%P(iflfr%aﬁweﬂh ese
hydr OFhobycidtﬂmaﬂ:@dcpt:n‘mlieaEDEMe{ me?éaﬂlgdaﬂ & fea\gﬁbri ﬁ@&itur?ﬂ 'I'hbﬁc o

romotin i sone extent. However, because these hi
ﬁydr ophogxygp‘g%@sﬂﬁt égg‘éﬁ??%o{:m&ii 5@6?5’@ I@%Wagkr éfpﬂbhlﬁefﬁs sﬂﬂ@ﬁgasy
met hanol premodizly {fas rédutioby iy eohet eﬂﬂeﬁ%ﬁ?ﬁwﬁ%&ﬁ%&%ﬁ'ﬁg@eg@ gg%helgel

Vi

reactivi n l.i fet.ime, of the enzyne, |

can not %}édﬁ?ﬁ?wgdsmﬁﬁféb%‘? %I\&iﬁ&’@zﬁoﬁlﬂ caszonT esehlesuelo e, the
obj ect ofnéthendl agaall a8 Y0 biyBfodiftt by @Y LB AvaIg M PLACAT Ry bR
producin fb|.0d| e)g | from rene\a:a l'e 011 raw naterial “under pase

cat al ysi g PRTIgn0 ?%%ﬁpémdﬁﬂ apeld el hiedisse! con metdepimpryed a
short chgbfatﬂypohol ROH is used as an acyl acceptor, a relatively
hydr ophi | i ¢ organi c sol vent having no negative effect on the
reactivity of lipase is used as the reaction nmedium and a renewabl e

oi| raw material is caiagmRROpe THE%WEE"PMNhESi ze bi odi esel

through a t r%gggﬁfft er g&jlﬁc tion creaction -The process of the pr esent.

i nvention is F, eph of ifhe ;present invention is to provide a new
process for producing biodiesel from renewable oil Taw material under
lipase catalysis in an organic medium reaction system, In this process, a
short chain alcohol ROH is used as an acyl acceptor, a relatively
hydrophilic organic solvent having no negative effect on the reactivity of
lipase is used as the reaction medium, and a renewable oil raw materia] is
catalyzed by a lipase to synthesize biodiesel through a transesterification .

. reaction., The process of the present invention is characterized in that: a

short chain alcobol and a renewable oil raw material having an
alcohol/renewable oil molar ratio of 3:1 fo 6:1, together with 20 to 200%
by volume of an organic solvent based on the volume of the xenewable oil,
and 2 to 30% by weight of 2 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 tenewable oil
raw material into biodiesel and a byproduct glycerin.

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/,
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short chain al cohol and a renewable, oil raw material having an
al cohol /renewabl e oil nolar ratio of 3:1 to 6:1, together with 20 to
200% by volune of an organic solvent based on the volune of the
renewable oil, and 2 to 30% by weight of a |ipase based on the
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according to the present invention, said relatlvely hydrophilic
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Said animal oil and fat comprise fish oil, lard or mixture thereof.

In said short chain alcohol ROH, R is an alkyl group having 1 to 5
carbon atoms, and preferably said short chain alcohol comprises
methanol, ethanol, propanol, butanol and pentanol.

Preferably, the reaction molar ratio of said short chain alcohol to
said renewable oil is 3:1 to 5:1, and the amount of the organic solvent
added 1s 50% to 100% by volume based on the volume of the renewable

- oil.

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 preferred
temperature for the reaction is 30 to 50°C.

The advantages of the process of the present invention comprise
the improvement of the lipase reactivity, prolongation of the lifetime of
the lipase, and remarkable increase in the yield of biodiesel. This new
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added is 50%to 100% by vol unme based on the volunme of the renewabl e
oil. Said enzyne reactor may be a triangle flask with a plug, or
other suitable enzyne reactors. Preferably, the heating step is
carried out in an automatically thernostatic oscillating shaker or
“in various ot her bi o- react ors suitable for enzyne catal yzed
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i nproved. T. %gent invention is further illustrat by the
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Example 1 _

Into a triangle flask with a plug, methanol and rapeseed oil in a
molar ratio of 4:1 (9.65¢g rapeseed oil) together with 100% by volume of
tert-butanol based on the volume of the rapeseed oil were added and
mixed evenly, the flask was placed in an automatically thermostatic
oscillating shaker, and the mixfure was heated to 40°C, then 10% by
weight of a immobilized lipase Novozym 435 based on the weight of the
rapeseed oil was added to start reaction, and the reaction was carried out
for 6 howrs. 9.64g biodiesel was produced with zn 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-butangl 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 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%.



oscillating shaker, and the. m xture was heated to 40'C, then 10% by
wei ght of a inmmobilized |ipase Novozym 435 based on the wei ght of the
rapeseed oil was added to start reaction, and the reaction was

carried out for 6 hours. 9.64g biodiesel was produced with an yield
of about 100% Exanple 2 Into a triangle flask with a plug, nethanol
and soybea % in,a nolar ratio of 3:1 (9.65g soybean oil) together
with 20% b@ 3 of tert-butanol based on the volune of the
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oil was added to start reaction, and the reaction was carried out
for 12 hours. 9.1 g biodiesel was produced with an yield of 94%
Exanpl e 4 Imga'mgetgti angle flask with a plug, butanol and waste edible

oil ina nolag ratiq of 3;1 (9.659 waste edible oil) together wth
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of tert-butanol based on the volume of the waste edible 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 10% by
weight of immobilized lipase Novozym 435 based on the weight of the
waste edible oil was added to start reaction, and the reaction was carried

out for 7 hours. 9,65g biodiese] was produced with an yield of 100%.

Example 5

Into a friangle flask with a plug, methanol and soybean oil in a molar
ratio of 3:1 (9.65g soybean oil) 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 o1l was added to start reaction, and fhe 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 (8.65g rapeseed oil) together with 100% by volume of butyl
butyrate based on the volume of the rapeseed oil were added and mixed



oscillating shaker, and the m xture was heated to 40C, then 10% by
wei ght of imobilized |ipase 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 biodiesel was produced with an yield
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out for 10 hours. 9.1g biodiesel was produced with an yield of 94%.

Example 8

The lipase remained after the reaction of example 1 was filtered and
used in the next reaction batch, while other reaction conditions were kept
as same as those in example 1, and the lipase was used repeatedly 10
times in the same way. During the 10™ reaction batch, 9.62g biodiesel
was produced with an yield of 99% after 6 hours of reaction.

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 organié 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 or 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
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oscillating shaker, and the m xture was heated to 40C, then 20% by
wei ght of inmobilized |ipase Lipozyne RM based on the wei ght of the
cottonseed oil was added to start reaction, and the reaction was
carried out for 10 hours. 9.1 g biodiesel. was produced with an
yield of RWeomBrartmeeei Ner [iipagemee T N@SafhbRs fib@ TFREHMY s
exanple 1 was filtered and wused in the next reaction batch, while

ot her read®MgFNOSHE)-ti ons were kept as sanme as those in exanple 1,
and the |ipase was used repeatedly 10 tines in the sane way. During
the 10th reaction batch, 9.62g biodiesel was produced with an yield
of 99% after 6 hours of reaction. 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 alkyl group having 1 to 4
carbon atons) is used as an organic nedium and a short chain

al cohol ROH (wherein Ris an alkyl group having 1 to 5 carbon atons)
is used as an acyl acceptor, various renewable oil raw materials
(castor oil, rapeseed oil, cottonseed oil, waste edible oil, soybean
oil, fish oil, tard, residues of refined oil or algae 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 abl e from Candi da antarctica), Lipozyne RM (available from 7
Rhi zonucor m ehei) or Lipozyne TL (avail able from Thernonyces

| anugi nosus). 8 WHAT IS CLAIMED IS: 1. A process for producing

bi odi esel fromrenewable oil under |ipase catalysis in an organic
medi um reacti on system wherein a short chain



al cohol ROH is used as an acyl acceptor, a relatively hydrophilic
organi ¢ solvent having no negative effect on the reactivity of the
| i pase is used as a reaction nedium and a renewable oil raw '
material is catalyzed by a |ipase to synthesize biodiesel through a
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The process. {15 Shof et ol G AdLRRE Gk FHE AP SRRl bR9% gl
cat al ysi alé¢cha/rencoable oﬂamholan rat@cof Bl Hyétlertogsﬂmlrawimhd!() P00Y&@bn
B o ol i o S T RS, S8 g

process faad 2309 By o dbRobE sled m‘p@@@ﬂzfa@e@\@ﬁpﬂﬁ: Flel htrl@iefhe termasble
catal ysis i n an orgam c medi um reaction ScYISt dals cI dinclaim 9
are added into an enzyme reactor and mixed even y, € mixture is

then heated to 20-60°C to react for 4-24 hours to convert the renewable
oil raw material into biodiesel and byproduct glycerin, wherein 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
atoms.

2. 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.

3. The process for producing biodiesel from renewable oil under
lipase catalysis in an organic medium reaction system as claimed in claim
- 2, characterized in that:
said microorganism lipase comprises Lipozyme TL, Lipozyme RM,
Novozym 435 or mixtures thereof.

4. The process for producing biodiesel from renewable oil under
lipase catalysis in an organic medium reaction system as claimed in claim
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1, characterized in that: said renewable oil is a biological
renewable oil. 5. The process for producing biodiesel fromrenewable
oil under lipase catalysis in an organic mediumreaction system as
claimed in claim 4, characterized in that: said biological renewable

oi | COITpI“lI %ﬁgra@&%@(phfzt fnewabl e oil, animl renewable oil, waste
edible oil or residues of refined oil. 6. The process for produ0|ng

bi odi esel fr smd wneveble odiis mhu:éeglqai perasvableilsis in an organic
medi um reaction systemas claimed in claim 5, characterized in that:
sai d vegetabl e renewabl e oil conprises castor oil, rapeseed oil,
soybean oi |, SpéHmeitprocess for producingobicdisseddfioin ‘renewabé il airgm

oil or xture t her.eof . 7. The .ocess for duci n i.es from
P oneaab! GBSt carlusts iR Ag.ereanis sOLRET Fenctn N eas e iRt Bl eiren
system ag ehatdteerizéd il gian S, characterized in that: said an| rral
renewabl e’ oi | conprises fish oil, lard or m xture thereof.

process for Br6dBEPIgIelotneyeabler ot ﬁ@mm@rSevmtabkuéﬁnewabkes@ﬂ

cat al ysi in claim

1 ahar e E Ry R A QLRI daTBIE P Br YSEE, BE rERACURA.' & £ an

al kyl group haV|ng 1to5 carbon atons. 9. The process for producing

bi odi esel fr enemable a SIS i.n

medi um react Port 10 SonrSs fot aia8Cing bRAARIEHOR Tebeb Bt ol M,

sai d shoiipasé @atalytm@qhqin orpapit esdddnt rmatidﬂﬁsywtmpas:@mm@tillng:l@ifm

met hanol han %igfﬁﬁﬁ but anol and pentanol. 10. The process
om

for prodécphar%w renewabl e oi | under
said vegetable renewable oil comprises castor oil, rapeseed oil,

soybean oil, peanut oil, corn oil, cottonseed oil, rice oil, algae oil or
mixtures thereof,

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

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

8. 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 to 5
carbon atoms.

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

said short chain alcohol is selected from the group consisting of
methanol, ethanol, propanol, butanol and pentanol.

10. The process for producing biodiesel from renewable oil under
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10 |i pase catalysis in an organic nediumreaction system as cl ai ned
inclaim 1, characterized in that: the nolar ratio of said short
chain al cohol to said renewable oil is 3:1 to 5:1. 11. The process
for producing biodiesel fromrenewable oil under I|ipase catalysis in

har acr of PASE CaiTy SRR PO Ealt SR ARnELICH Lkl Uladmed in ¢ ai.m
50% t o 1do@hbsacierizadin thaied on the vol une of t he renewabl e oil .
Tatalyar e n g, iR BEARB B 56k AR IR R S etV 4’%"?56

1, chara@tktoded in that: the heating step is carried out in an
automatically thernostatic oscillating shaker. 13. The process for
produci ng bi odi esel fromrenewable oil under |ipase catalysis in an

organi ¢ nedi ym rMERe r@&bs%;,yﬁ;tr;moamcﬁhg'ms&lesa Fth Hen %gvaglér&i%ﬁfde%ed
in that: the reaction te ure 1S in the range of 50C
lipase catalysis in an orgamc medium reaction system as clalmed in claim
1, characterized in that:
the amount of said organic solvent added is 50% to 100% by volume

based on the volume of the renewable oil.

12. 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 carried out in an automatically thermostatic
oscillating shaker.

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