A METHOD FOR PRODUCI NG BI ODI ESEL FI ELD OF THE | NVENTI ON 5Thi s i nvention
relates to a nethod for producing biodiesel. Mre particularly, this
invention relates to a nethod for producing biodiesel using air bubbling
and addi ng an al cohol/catalyst mx at a controlled rate to an oil source to
increase the producti onARETHED FOR PRosHEERIG HIOIRRGKEROUND General ly, a
transesterification reaction of vegetable oil and aninal fat is carried out
in the presence of an al cohol and a catalyst. The reaction can be a

base- cat FiE/LZ{?g)P’?ﬁEt!NWEI\PIFIOW acid-catal yzed reaction. In nost cases, a
base-catal yzed reaction i1s 15 enployed as it is the nost econom cal process
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Bat ch process reactions are usually easy to control but are often cost
ineffective due to ineffective m xing nethods and | ong reaction tines.
Contyighuogd cicpretARses which use high shear reactors are able to reduce
reaction time but they are usually very energy intensive, that in turn,

i ncreases the production cost. Another known nmethod used in the production
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m Xt ure. ore, desirable to provide a nmethod for producing
bi odi esel in a cost effective S5manner and at a faster rate. SUMVARY OF
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usually very energy intensive, that in turn, increases the production cost.

Another known method used in the production of biodiesel is the ultrasonic reactor
method. In this method, the ultrasonic waves cause intense mixing so that the
30  reaction can proceed at a much faster rate. Ultrasound transfers energy into fluid and
creates violent vibrations, which form cavitation bubbles. As the bubbles burst, a
sudden contraction of the fluid occurs, and the reactants are mixed in the area of the
bubbles. This method can be a good choice for small producers who may only need

one or two ultrasound probes per reactor vessel. However, using ultrasound in large-



20 oil source into a reaction tank. The oil source is then heated, and air
bubbl es are introduced into the reaction tank at a predeterm ned rate. An
al cohol /catalyst mx is added into the reaction tank at a controlled rate
for transesterification reaction to take place. The main products produced
by the ne¢hodbrasssshiPaifsek anflegbingehOtausBSmiang HBESsLRN PRSI QB8RS bet Ne
heavi er glycerol settles at the bottomof the reaction tank 25 formng a
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bi odi esel is then recovered fromthe reaction tank and the glycerol is

wi thdrawn fromthe reaction tank. In sone enbodi nents of this invention,
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aer at.or m a stream of individual air bubbles within the
reactS:)onm-gnﬁ ﬁéru{ed gﬁ%%ﬁ? eam of individual air bubbles circul ates inside
the reaction tank. In sone ot her enmbodi nents of this invention, the

al cohol / X 1S oduced 35into the reaction tank through an
i nl et prggm@&(ﬁgﬂ”{dgﬁé{’%nd of the reaction tank. The al cohol/catal yst
mx is introduced at a point proximte the stream of individual air

bubbl es. In further enbodiments of this invention, the air bubbles are
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25 Fi gurgq%, ild meddetddagati nt cdéew of the reaction tank as shown in Figure
2. DESCRI PTI ON 'OF THE T NVENTI ON"30The present invention relates to a nmethod

for produci ng al kyl ester, otherw se known as biodi esel, by reacting
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conpri si iidiEhitehel readlidlatik at a controlled rate for transesterification reaction to take
place. The main products produced by the method are biodiesel and glycerol. As the
reaction progresses, the heavier glycerol settles at the bottom of the reaction tank
25 forming a lower phase comprised of glycerol and an upper phase of biodiesel. The
biodiesel is then recovered from the reaction tank and the glycerol is withdrawn from

the reaction fank.

In some embodiments of this invention, the air bubbles are introduced into the reaction
30 tank through an aerator. The air bubbles form a stream of individual air bubbles within
the reaction mixture and the stream of individual air bubbles circulates inside the

reaction tank.

In some other embodiments of this invention, the alcohol/catalyst mix is introduced

35 into the reaction tank through an inlet provided at an upper end of the reaction tank.



propanol, and ot her nonoal kyl al cohols. Preferably, nethanol is used.

The catal yst can be acidic or basic. Suitable catal ysts include al kali

nmet al hydroxi des such as sodi um or potassi um hydroxi de, and acidic
conpositions such as sulfuric acid. 10Preferably, sodium hydroxide is used.
I'n one emhedidmblcablykheint RVBRLEQ ét@p&@ﬂ% &Qtln%téjke&e omdiwgﬁal'ﬁ\slr
first fed into a reaction tank. The oil ist galTy
from rook¥®®@perature to a tenperature of between 55C to 65C and this
tenperature i s maintained throughout 15the reaction. As the oil or fat is
heated fromroomtenperature, air bubbles are introduced into the reaction
tank at b furduest enbodietentatad. thiEhénvaintiobutid edr bubblestdredintr@dutéd Anfohehe
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reaction tank. O her sui tabI e locations nay al so be considered. The aerator

has several snall thr gh which air flows into the reaction
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t he shape¥namEEdkef¥casel.t he reaction tank 25 used. In one exenpl ary

enbqgi ment of the invention, the aerator is a tube having plurality of
openings that are arranged in a circular manner as depicted in Figure 1.
One ski | BREEF PESCRITION OF THE ODRAWINGBat ot her suitabl e configurations
may be used wi thout departing frominvention. The exact configuration of
the aerator is left as a design choice for those skilled in the art. 30 The

si ze of Tﬂimabp%llaﬂgsotbér bivearagged And ifsattdrReBOgd irRRntio® obé 2R sBfiba In mébbl es
to be |nf10|oduc to the reaction mxture. Preferably, the size of

openi ngs % g erdaq‘r“gsé”ef'orla@dﬁffﬁ‘é'f'o"t’%g’sthefownl%‘ém%f openi ngs
proviskded on the aerator may vary according to the volunme of the oil or fat
added to_the reaction tank and the size of the reaction tank. In all cases,
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| ocal iz i action tank. 5 Wien the tenperature of
the oil qqeth?;ﬁ% a@@dﬁﬁgn%%hth% I-Ean r(r?eaches a tenperature of between 55C to
65C, an al cohol/catalyst mx is added to the reaction tank at a controlled
rate to_r‘;.orm@.ih’(e?? hl on xttrjﬁpe for transesterification reaction to take
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correspondi ng al koxi de. In one exenplary enbodi nent of the invention, the
al cohol /catalyst mx is added to the oil or fat at a rate between 0.16 to
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to @arry out the transesterification reactl on and the average tine consuned

for the tran terification reaction to take place. 20
F-IlgureSSE"ﬁustratfng a top \Qew 611the reaction tank asp shown in Figure 2.

DESCRIPTION OF THE INVENTION

30 The present invention relates to a method for producing alkyl ester, otherwise known
as biodiesel, by reacting vegetable oils and/or animal fats consisting essentially of

triglycerides with an alcohol in the presence of a catalyst.



In accordance with the method of the invention, the rate at which the air
bubbl es are introduced into the reaction tank nust be sufficient to all ow
effective m xing and effective transesterification reaction to take pl ace.
If the rate of introducing the air bubbles into the reaction tank is sl ow,
t here mayhacikegbbenolgtarabe ohelllated frofrhe g?(ﬁi;fﬁﬂﬁphﬁﬁg Rirsight @ed&ablel W
effective nglng and r actl to taF Iace L t he af bubbl es are
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becone jthggﬂaﬁggay@gngépngated air bubbles within the reaction m xture.
This will adversely  affect the mxing and reaction conditions. 30The rate
at which the air bubbles are introduced into the reaction tank nust be
adequat e r r r n I
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i ndi vidual air bubble. This encourages |ocalized reactions of the oil or
fat nolecules with the alcohol in the presence of the catalyst. The
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al cofpl / padrataphy, sBtixint Aydrorideialtyd.added proxi mate the top surface of the
oil or fat to ensure that the al cohol/catalyst mix will m x and react

effectively with the whole volunme of the oil or fat in the reaction tank.
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the transesterification reactl on progresses, biodiesel is forned. The

products _of the reaction include not only biodiesel, but also by-products
such as §hy@ériibblempeaiptreduesd inde thareactiandanis by %M$%fé‘éqfed°\laﬁl@bfﬁdr0m and
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25 used. In one exemplary embodiment of the invention, the aerator is a tube having

plurality of openings that are arranged in a circular manner as depicted in Figure 1.
One skilled in the art will recognize that other suitable configurations may be used
without departing from invention. The exact configuration of the aerator is left as a
design choice for those skilled in the art.

30
The size of the openings of the aerator is dependent on the size of air bubbles to be
introduced into the reaction mixture. Preferably, the size of the openings is in the

range of 1.0 mm or less.



30 within several hours of settling or overnight settling. In the phase
separation in accordance with the nethod of this invention, phase
separation can be observed within a relatively shorter period of tine, for
exanple, 1 to 3 hours based on the same volune of reactants used. This is
attri but t [ air
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enbodi nent, the reaction mxture is allowed to settle in the reaction tank
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al cohol /cat@yﬁfot |s added to the reaction tank. Alternatively, these
st eps meya6 PA%er anot her, that is, the oil or fat may be heated
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oil or fat may be heated before the 30air bubbles are introduced into the
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30 The rate at which the air bubbles are introduced into the reaction tank must be

adequate to allow the air bubbles to form a stream of individual air bubbles in the
reaction mixture and to circulate inside the reaction tank. The individual air bubble
allows oil or fat molecules to adhere to each individual air bubble. This encourages

localized reactions of the oil or fat molecules with the alcohol! in the presence of the



10 air bubbles into the reaction mxture to enable |ocalized reactions to
take place. This allows conplete chemcal reaction of the mxture to be
reached in a shorter period of tine and increases the conversion rate of
the oil or fat into alkyl esters (or biodiesel). The nethod of the
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reaction tank takes the form.,as de ted in Figures 2 to 5. The reaction
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reaction. The air bubbles are ca ting water and free
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described in the foll ow ng exanpl e enbodi nents of the 15invention, which do
not |im in bRE effttRImEnt dftBeiiMWaiioh0glyasros & sé;ﬁﬁrbﬂed' ﬁ?orﬁltﬂbrmod@é‘m@h%l

L of strai ght veget abl e oi | &SVO) was added to the reaction tank. The VO
was 20 hBajE QréVféaitOé‘ﬁbé?%ﬁfa QN herthedn Tsia%:gaamtaegrc@ sRgratinn et alawe was
mai n al NeAbiib of ildEhal' dN88M he IRIEA O8N WL id RIS higat ed.
air bubbles were introduced 1nto the reaction tan throu an aera

pr ov4d dedtrst biptigseloseltias of thehkotiara of tronreagtitn takk fafroivigad Voawreplhﬁlse aﬁoxvm@s

SVO cont lnidas terBedofipht L bidss® e Gib HubiehE g uslid Haf gveers, ' "
al cohol / fratral arstipperphags of thee aedan edxtaye.di ssol vi ng approxi mately 39.5774 ¢

of sodi um hydroxide in approxi mtely 2.226 L of nmethanol to form an
al cohol / catal yst m x contai ning sodi um net hoxi de and nmet hanol. As the
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separ at eseparation step. The air bubbling which is initiated at the beginning of the process

35 continued until substantially all the glycerol is separated and settled at the bottom of



fromthe reaction mxture was approxi mately 1 hour 25 mnutes, fromthe
time the al cohol/catalyst m x was added to the SVO G her ratios of

t he SVO and net hanol were also tested and the results are as shown 5in _
Tables 1 and 2. TABLE 1 Vol une of reactants (L) SVO to Methanol Ml ar Ratio

4.5:1 5. Q¢ rebchom tani e air HubPYE3 grgcréélselawelﬂatg/e‘atim% tﬁe%%gdié'sé n02t720
2.968 Sodi um hydr oxi de

glycerol separate In one exemplary embodiment of the invention, phase separation

has been observed to take between 1 to 3 hours to complete, based on a total volume

of approximately 13.5L of the oil or fat and alcohol/catalyst mix used, from the time the
5  alcohol/catalyst mix is added to the oil or fat.

As the glycerol separates from the reaction mixture and settles at the bottom of the
reaction tank, the level of glycerol at the bottom of the reaction tank increases. Once
the level of the glycerol reaches a level above the aerator, the aerator may be
10  adjusted to a level higher than the level of the glycerol settied at the bottom of the
reaction tank. The adjustment of the level of the aerator in the reaction tank reduces
the aerator disturbance of the settled glycerol by the air bubbles injected into the

reaction tank.

15  In one preferred embodiment, the reaction mixture is allowed to settle in the reaction
tank for phase separation of the biodiesel and the glycerol. In another embodiment of
the invention, the reaction mixture can be transferred to a separate settling tank, which
may also be equipped with an aerator, for phase separation of the biodiesel and the
glycerol. The glycerol, which is separated from the biodiesel, is then withdrawn from

20 the reaction tank and the biodiesel is recovered. The recovered biodiesel can undergo
further cleaning or purification processes, such as filtration and/or washing, to remove
impurities if necessary. Any known methods of cleaning or purification processes can

be employed.

25 In the method in accordance with the invention, the steps of heating the oil or fat and
introducing the air bubbles into the reaction may occur simultaneously before the
alcohol/catalyst mix is added to the reaction tank. Alternatively, these steps may
occur one after another, that is, the oil or fat may be heated shortly after the air
bubbles are introduced into the reaction tank or the oil or fat may be heated before the

30  air bubbles are introduced into the reaction tank, before the alcohol/catalyst mix is

added to the reaction tank.

In another embodiment of the invention, the steps of heating the oil or fat, introducing
the air bubbles into the reaction tank and adding the alcohol/catalyst mix to the oil or

35 fat at a controlled rate all occur simultaneously. In this embodiment, the rate at which



0.01858 0.01858 0.01858 0.01858 Total volume 13.24 13.49 13.74 13.99 TABLE
2 Results SVO to Methanol Molar Ratio 4.5:15.0: 15.5: 16.0: 1Tine
taken for biodiesel to separate (with aeration) 1 hr 25 mins 1 hr 4 mns
the alcohol/catalyst mix is added to the reaction tank may vary according to the
temperature of the oil or fat in the reaction tank. The rate of adding the
alcohol/catalyst mix may increase as the temperature of the oil or fat in the reaction
tank increases from room temperature to between 55°C to 65°C. A convection current
5 created by the heat and the agitation caused by the air bubbling allow the ofil or fat and

the alcohol/catalyst mix to mix and react effectively.

The method in accordance with the invention accelerates transesterification reaction
by controlling the rate of adding the alcohol/catalyst mix to the oil or fat and introducing
10 air bubbles into the reaction mixture to enable localized reactions to take place. This
allows complete chemical reaction of the mixture to be reached in a shorter period of

time and increases the conversion rate of the oil or fat into alkyl esters (or biodiesel).

The method of the invention is a semi-continuous process in that glycerol is separated
15  from the reaction mixture as the reaction progresses. The glycerol is withdrawn from
the reaction tank after the glycerol is separated from the reaction mixture. The
biodiesel is recovered before the next baich of reaction mixture is added o the
reaction tank. Alternatively, the glycerol produced by the method can be continuously
withdrawn from the reaction tank as the reaction progresses. In this configuration,
20 there will not be a need to adjust the level of the aerator during the phase separation
process as the level of the settled glycerol in the reaction tank will always be lower

than the level where the aerator is placed.

The reaction tank used in the method in accordance with the embodiments of this
25 invention may be of any suitable design. In one exemplary embodiment of the
invention, the reaction tank takes the form as depicted in Figures 2 to 5. The reaction
tank 10 may comprise a reaction chamber 12, an inlet 16 for introducing the
alcohol/catalyst mix into the reaction chamber 12 at a controlled rate and an aerator
(not shown) disposed at the bottom of the tank for introducing air bubbles into the

30 reaction chamber 12.

The reaction tank may also be one that is partitioned into several compartments.
Each compartment is provided with an aerator disposed at the bottom end of the
compartment for introducing air bubbles into the compartment and an injection jet

35 disposed at the top open end of the compartment for introducing the alcohol/catalyst



1 hr 15 mns 1 hr 22 mns 10 EXAVPLE 2 The sane anmount of SVO was added to
the reaction tank and the SVO was heated to 15 the sane tenperature as

described in Exanple 1. While the SVO was heated, the SVO was m xed using a
stirrer. The sanme anount of al cohol/catalyst mx was then added to the SVO

at the saRint®MHd @hestrhabeashiddrdiea r§MO w&ﬁrwssﬂﬁgaarb@trﬁegang igH Jpynd he

stirrer and heat. The reaction continued continuous stirring until al
the al coRlsPhelGaialysimis intarthe raaelian tank peeOinHie samer vaonenas Wescribed
conpl et egdy,as the 20 reaction progresses, glycerol and biodiesel were

pr oduced. T e glycerol settled at the bottomof the reaction tank, form ng
a | ower phase conprised of glycerol and an upper phase conprised of

bi odiese | or t to
separit elr?? é}%ﬁ ri’ea%rr eacﬂqéﬁn rirﬂi‘pﬁ]u i(’e)(E 05 hé%f%} r L?‘S‘fs@re%‘ﬂ?b ﬁlﬂrﬁ‘?‘ﬂfﬂ)
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of SVO a,gu 5nmet hanol | so tested e results %re as shown in

Table 3 DOBEIEY BrescqRatly pbnafihes et A e eipeRmplsculFsdrom geing oloss: 5
1 6.0 : tbdid@ndtakectd dopfipdlk 6l te Rlatdipstseparat e (w thout aeration) overni ght

over ni ght
10 The method of this invention increases the efficiency of converting vegetable oil or
animal fat into alkyl ester (or biodiesel) and also reduces the processing time (as both
the reaction time and settling time are reduced), costs and energy.

The invention will be further described in the following example embodiments of the

15  invention, which do not limit the scope of the invention as set forth in claims.
EXAMPLE 1

11 L of straight vegetable oil (SVO) was added to the reaction tank. The SVO was
20 heated to a temperature between 55°C and 65°C, and the temperature was
maintained at this level throughout the reaction. While the SVO was heated, air
bubbles were introduced into the reaction tank through an aerator provided at the
bottom of the reaction tank. An alcohol/catalyst mix was added to the SVO at a
controlled rate to form a reaction mixture while the SVO continued to be agitated by
25 the air bubbling and heat. The alcohol/catalyst mix was pre-prepared by dissolving
approximately 39.5774 g of sodium hydroxide in approximately 2.226 L of methano! to
form an alcohol/catalyst mix containing sodium methoxide and methanol. As the
alcohol/catalyst mix was added to the SVO, transesterification reaction began. The
reaction continued with continuous introduction of the air bubbles into the reaction
30 mixture. As the reaction progresses, glycerol and biodiesel were produced. The
glycerol settled at the bottom of the reaction tank, forming a lower phase comprised of
glycerol and an upper phase comprised of biodiesel. The phase separation process
and the air bubbling continued until all the alcohol/catalyst mix was added to the SVO

and the reaction was completed. The total time taken for the biodiesel to separate



overni ght overnight EXAMPLE 3 5 The sane nmethod as described in Exanple 1
was used in this Exanple except that 11 L of waste cooking oil (WO,bk about
2.079 L of methanol and about 55.02 g (or 0.2583 L) of sodi um hydroxi de
were used instead. The total tine taken for the biodiesel to separate from
tﬂe rleaCtrz;bzfznthm De}auﬁ@w Mstmwwgﬂﬁbahyatﬁfyhmmwrlﬁhrﬁinw‘eesfroﬂrOftﬁef dmet ta? tine
the al cohol /catal yst m x wa e WO Ot her ratios of WCO an

met hanolalﬁ%é@?(’éi%lﬁsttné%t‘@@ %ff?@%tdtﬁzg?égﬁ‘ts are as shown in Tables 4 and 5.
TABLE 4 Vol unme of reactants (L) WOO to Methanol Molar Ratio 4.5:1 5.0 : 1

55: 16.0: 1 WO 11 11 11 11 Met hanol
Other ratios of the SVO and methanol were also tested and the results are as shown
5 inTables 1and 2.
TABLE 1
Volume of reactants SVO to Methanol Molar Ratio
(L) 4.5:1 50:1 55:1 6.0: 1
SVO 11 11 11 11
Methanol 2.226 2.473 2720 2.968
Sodium hydroxide 0.01858 0.01858 0.01858 0.01858
Total volume 13.24 13.49 13.74 13.99
TABLE 2
Results SVO to Methanol Molar Ratio
4.5:1 50:1 55:1 6.0:1
Time taken for biodiesel to 1hr 1hr 1 hr 1hr
separate (with aeration) 25 mins 4 mins 15 mins 22 mins
10

EXAMPLE 2

The same amount of SVO was added to the reaction tank and the SVO was heated {o
15  the same temperature as described in Example 1. While the SVO was heated, the
SVO was mixed using a stirrer. The same amount of alcohol/catalyst mix was then
added to the SVO at the same controlled rate while the SVO continued to be agitated
by the stirrer and heat. The reaction continued with continuous stirring until all the
alcohol/catalyst mix was added to the SVO and the reaction was completed. As the
20  reaction progresses, glycerol and biodiesel were produced. The glycerol settled at the
bottom of the reaction tank, forming a lower phase comprised of glycerol and an upper
phase comprised of bicdiesel. In this exampie, the total time taken for the biodiesel to
separate from the reaction mixture was approximately 8 hours (overnight), from the
time the alcohol/catalyst mix was added to the SVO. Other ratios of SVO and

25 methanol were also tested and the results are as shown in Table 3.

10



2.079 2.310 2.542 2.773 Sodi um hydroxi de 0.2583 0.2583 0.2583 0.2583 Tot al
volune 13.1 13.6 13.8 14.0 15TABLES Results WCO to Met hanol Mbl ar Ratio

4.5:150: 155:16.0: 1
TABLE 3
SVO to Methano! Molar Ratio
Results
4.5:1 50:1 55:1 6.0:1
Time taken for biodiesel to . ) )
. overnight overnight overnight overnight
separate (without aeration)

EXAMPLE 3

The same method as described in Example 1 was used in this Example except that
11 L of waste cooking oil (WCO), about 2.079 L of methanol and about 55.02 g (or

0.2583 L) of sodium hydroxide were used instead.

The total time taken for the

biodiesel to separate from the reaction mixture was approximately 2 hours 15 minutes,
10  from the time the alcohol/catalyst mix was added to the WCQ. Other ratios of WCO

and methanol were also tested and the resulis are as shown in Tables 4 and 5.

15

TABLE 4
Volume of reactants WCO to Methanol Molar Ratio
(L) 4.5:1 50:1 55:1 6.0:1
WCO 11 11 11 11
Methanol 2.079 2.310 2.542 2773
Sodium hydroxide 0.2583 0.2583 0.2583 0.2583
Total volume 13.1 13.6 13.8 14.0
TABLE 5
Results WCO to Methano! Molar Ratio
4.5:1 5.0:1 55:1 6.0:1
Time taken for biodiesel to 2 hrs 2 hrs 1hr 1hr
separate {(with aeration) 15 mins 8 mins 57 mins 45 mins

EXAMPLE 4

The same method as described in Example 2 was used in this Example except that 11
20 L of waste cooking oil (WCQ), about 2.079 L of methanol and about 55.02 g (or 0.2583
L) of sodium hydroxide were used instead. The WCO and the alcohol/catalyst mix

11



Time taken for biodiesel to separate (wth aeration) 2 hrs 15 mns 2 hrs 8
mns 1 hr 57 mns 1 hr 45 mns EXAMPLE 4 The sanme net hod as descri bed
in Exanple 2 was used in this Exanple except that 11 20L of waste cooking
oil (WOO, about 2.079 L of nmethanol and about 55.02 g (or 0.2583 L) of
sodi um hyerexiie weing astden. Nkt téd exdineANO: dofd! time fakeotot fheabiabiese! o X
were mxed usjng a stirrer. In this exanple, th tal tinme taken for the
b1 odi esepertteniafiatie el M e s apreR At Fobn bRl 08" s <
(over ni glink, the! gRbESIRAtAIE e walsCaliddd eattab WHCaT XOwRs @ede bt wdhea O,

G her ratios of WCO and net hanol were also tested and the results are as

shown i nMEA®! pereatsppested apddie resulip@re dswbowanBI a8+ Ratio 4.5:1 5.0
S 155: 1

TABLE 6

WCO {o Methano! Molar Ratio
4.5:1 50:1 55:1 8.0:1

Results

Time taken for biodiesel to

] i overnight overnight overnight overnight
separate (without aeration)

The above is a description of the subject matier the inventor regards as the invention
10 and is believed that others can and will design alternative systems that include this

invention based on the above disclosure.

12



6.0 : 1 Time taken for biodiesel to separate (w thout aeration) overnight
over ni ght overni ght overni ght The above is a description of the subject
matter the inventor regards as the invention 10and is believed that others
can and will design alternative systens that include this invention based
on the appygedi sclosure. dains 1. A nethod for producing biodiesel, the
nmet hod conprising: feeding an oil source into a reaction tank; 5subjecting
the oil source to heat; i ntroducing air bubbles into the reaction tank

At B Predet of Retol® ol bhadisliot e GARELAF AT m X 1nto the

reaction tank dererm or T 4 on m xture;
permtting th?eelde@c&n oihsotnce imte & @astpatatke into an upper phase of
bi od|5esel and sed of glycerol; and recovering the

bi odi“esel froﬁ?]qjﬁ%'qgvﬁétdﬂoﬁ%%fecfﬁt%@ alé The met hod according to claim1,

wherei n the aintroblutihg esr ta:b@lasﬁhrm@qeacﬁmi@nkfa@ar;ﬁé@étbﬂﬁirfearﬂatet hrough an
aer at or di sposed at, | owner d of the reaction tank. 3. The net hod

according to EIrePKeIAg %ék@ﬂﬂ”%@'yéﬁ mip e tes rﬁﬁ?ﬁ*%@ﬁfé‘dat At redrterméngst i on

tank formiaisfonpamdakibmetidudtial air bubbles. 4. The nmethod of claim3
wherein the stream of individual air bubbles circul ates 20inside the

reacti on tankpermitting the reaction mixture to separate into an upper phase of biodiesel and
10 alower phase comprised of glycerol; and
recovering the biodiesel from the reaction tank.

2. The method according to claim 1, wherein the air bubbles are introduced into
the reaction tank through an aerator disposed at lower end of the reaction tank.

15
3. The method according to claim 1, wherein the air bubbles introduced into the

reaction tank form a stream of individual air bubbles.

4, The method of claim 3 wherein the stream of individual air bubbles circulates

20  inside the reaction tank.

5. The method according to claim 3 wherein the alcohol/catalyst mix is introduced

into the reaction tank at a point proximate the stream of individual air bubbles.

25 6. The method according to claim 1, wherein the alcohol/catalyst mix is introduced

into the reaction tank at a rate dependent on the temperature of the oil source.

7. The method according to claim 1, wherein the alcohol/catalyst mix is introduced
into the reaction tank through an inlet provided at an upper end of the reaction tank.

30
8. The method according to claim 1, wherein the steps of subjecting the oil source
to heat and introducing the air bubbles into the reaction tank at the predetermined rate

occur simultaneously.

13



5. The method according to claim3 wherein the al cohol/catalyst mx is
introduced into the reaction tank at a point proximte the stream of

i ndi vi dual air bubbles. 256. The nmethod according to claim1, wherein the

al cohol /catalyst mx is introduced into the reaction tank at a rate
dependeng. on The ntethpe patondingofo ct{aien i Wheouin ¢hee ste?)s oThetrmxmdirq;jaiadmmﬁsng to

claim1l, Wnrelnthealcohllcat Sst., m,x S|ntr nt o reaction
Cank ¢ i B RS AAGPEBBE 80 toed ede i oRh drtecand s es i RshSiiiatavan s
The net hﬁﬁk REs Meicnptidrotapkait Mdlpredbeireined fee stensinlitedyjuest i ng the oil
source to heat and introducing the air bubbles into the reaction tank at
the predeterm ned rate occur sinultaneously. 9.The nethod according to

claiml, 1 er¢ha rﬁ&ﬁoébe&%dmg th MR GG e the R @fssual;]mnbhﬁe bRABLIRN
t ank at e predeternned rate and i ntroduci ng the al cohol/cCatal yst m X

into t hetor beal indroduging tie aihdupblegdnter theneegction danje etithe pradeatemdoed Irgte
510. The n t f he
10 The B8 MABERY Ak RoRBl Byt RS S0 605103 ERR A8 AbREEAhee
t he pr edeitepoturedimubismecusty. i nt r oduci ng t he al cohol / cat aI yst mix into the
reaction tank at the predeterm ned rate occur sinultaneously. 1011. The

nmet hod according to claim2, further conpri sing: adj usting the

pl acgnenyq of Wh@n@&h@ﬂ abcEdriy tb lbidimt ) dudiesradopiprisingli sposed above the | ower
phase conpri sed of ycer ol 12, The met hoglbj1 cco ding to claiml, wherein
the air bubbl 8duging Mﬁr?'aa%msat?fntbs spsiqE SPemdtatde o8 Ok {SriiPRRRSISEP Nt i |

the bi 0di@S8lvel ShaEEOMBHESEd oF Ft&®Pol(vi). 13. The nmethod according to claim
1, vvhere’i n twe ?ecoverlgg of tqye bi odi esel fromthe reaction tank includes

washi ng and drying of the biodiesel to renove any remaining catal yst,

alconol, 491 Y CPhQImERd SEEERAIRY Elaim 20 wiiktein 16 éTPBUQQeé%?Q ikl ,ﬁ 2!

1, wherei'nm the BT 'Source 18 mthe g npri si ng

oi | 815 waieaeuetiat alnke:oohﬂxmLmhdw&tiiltmmbloﬂasst is rﬂzéoveTbéimﬁBb(M)accor d| ng to
claim1l, wherein the catalyst is selected fromthe 25group conprising
sodi um hydr oxi de and potassi um hydroxi de. 16. The method according to

clai m 1, 1aher gh8 ridtfodlacebaling ® daineal atefdionmd F@cﬂéﬂu@ of GEpbiosligg! from
met hanol , et hanol, propanol, and ot her r’rgnoal Kyl %ohol S,
the reaction tank Iincludes washing and drying of the jodiese! to remove any
remaining catalyst, alcohol, glycerol and excess water.
20
14. The method according to claim 1, wherein the oil source is selected from the

group comprising vegetable oils, waste vegetable oils and animal fats,

15. The method according to claim 1, wherein the catalyst is selected from the

25  group comprising sodium hydroxide and potassium hydroxide.

16.  The method according to claim 1, wherein the alcohol is selected from the

group comprising methanol, ethanol, propanol, and other monoalky! aicohols.

14



