A System for Production of Alkyl Esters and Hydrogen 1. Technical Field of the Invention The
present invention relates to a system for producing alkyl esters known as biodiesel and hydrogen from

vegetable oiggapim@lFais or oils, as well as used or 5waste oils or fats or cegibipesiossheseof. 2.
Background of the Invention  Biodiesel is a clean burning alternative fuel, produced from domestic,

renewable resources through a chemical process called transesterification. Biodiesel that meets
international fuel specification such as ASTMD6751 hnd 10 ASTMD2880 or any other equivalent
standards contains no petroleum, but it can be blended to create a biodiesel blend at any volumetric

level with petroleum diesel. It can,be used wijth Jittle or odifications j ression-ignition (diesel)
engines, gas turbines and diesgﬁﬁlséﬁee'a%oori\%g. ?gl fég%oﬁrg(g?r#rs)%r oaﬂg%%:)pgéﬁﬁadable, non-toxic,
and essentially free of sulfur and aromatics. 15Considering the declining in oil reserves and increasing

fuel oil prices, the prcis_pelctf%}‘" i&l%éﬁ'o??l%’]%ﬂ@ﬂve fuel source is virtually bright.

Transesterification is a wel nown reaction to convert vegetable oils, animal's fats or oils or
combinations thereof to form alkyl esters. These alkyl esters are which can be used as "biofuels"” or

“biodiesel”. A mixture Ofﬁ%\(,?&%m%émﬁm%lméé'&f@@aéﬂiﬁl%reeﬂ&m%atign%ﬂam%wmasan alcohol

in the presence of a catalyst causes an ester interchange reaction to substantially, changg the

vegetable oils, animaredigsebngikydrogsnmysacahiereils @ ima) At AR oor gL asr 369 fing glycerol

and fatty acid sgap agd¥eRiPdbicists bheambiranvestieps are involved in the transesterification of
vegetable oils, animal's 25fats or oils or combinations thereof to alkyl esters. The first step-is the

conversion of triacylglycerol to diacylglycerol, followed by the conversion of
2. Background of the Invention

Biodiesel is a clean burning alternative fuel, produced from domestic,
renewable resources through a chemical process called transesterification.
Biodiesel that meets international fuel specification such as ASTMD6751 and

10  ASTMD2880 or any other equivalent standards contains no petroleum, but it can
be blended to create a biodiesel blend at any volumetric level with petroleum
diesel. It can be used with little or no modifications in compression-ignition
(diesel) engines, gas turbines and diesel fueled boilers. Biodiesel is simple to
use, biodegradable, non-toxic, and essentially free of sulfur and aromatics.

15 Considerihg the declining in oil reserves and increasing fuel oil prices, the

prospect of biodiesel as an alternative fuel source is virtually bright.

Transesterification is a well-known reaction to convert vegetable oils,
animal’s fats or oils or combinations thereof to form alkyl esters. These alkyl
esters are which can be used as “biofuels” or “biodiesel”. A mixture of

20  vegetable oils, animal’s fats or oils or combinations thereof with an alcohol in
the presence of a catalyst causes an ester interchange reaction to substantially
change the vegetable oils, animal’s fats or oils or combinations thereof to fatty
acids alcohol ester, forming glycerol and fatty acid soap as by products. Three
chemical steps are involved in the transesterification of vegetable oils, animal’s

25  fats or oils or combinations thereof to alkyl esters. The first step is the

conversion of triacylglycerol to diacylglycerol, followed by the conversion of



2 diacylglycerol to monoacylglycerol and lastly, the conversion of monoacylglycerol to glycerol, each
step yielding one alkyl ester molecule from each monoacylglycerol. The formation of fatty acid soap
and water agygider1i@mshisy (step 4) is caused by unreacted catalyst. |. Triacytgtyasrsodlodbedet R
'‘OHDiacylglycerol(DAG) + R COOA (methanol) catalyst (NaOH)(Methyl Ester) 2. Diacylglycerol(DAG)
+ R 'OHa>Monoacylglycerol(MAG) + R' COOR2 (methanol) catalyst (NaOH)(Methyl Ester) 3.
Monoacylglycerol(MAG) + 1? OHGlycerol(GL) + R wbg (methanol) catalyst(NaOH)(Methyl Ester) 4. R’
COOH + NaOHa>RCOONa + 1110 (Fatty Acid)(Fatty Acid Soap)(Water) The main problem with the
conventional transesterification process is the long time needed to perform and complete the process.
At ordinary temperat @,c)ilgxﬁcfég S §%verrnaﬂr|"?8€¥l %‘:eetrv(\)/leena § ifsrﬂgﬂrs){ng cocr%?)‘iee £e)lot?le oF |O
transesterification reantinoadfligcpralcesgljsaralyiedostein yacldige oscalkytiastee antioeute dtdnes higher
thermal energy. However, the limit, gf the femper, rise f c e 65 C or
below the boiling poir?ta‘g? tH‘é’%ﬂ%%t'% y&%%é‘ i?’?ﬁﬁgﬁﬂﬁfzﬁ)ﬁﬁgﬁ%ﬁg?ﬁ g@ﬂ?{%ﬁ i%gﬁ?gg%ighted
here is the difficulty ineaotior(siteg 4) is caused by unreacted catalyst.

5 1. Triacylglycerol(TAG) + R'OH = Diacylglycerol(DAG) + R' COOR,
(methanol) catalyst (NaOH) (Methyl Ester)
2. Diacylglycerol(DAG) + R'OH = Monoacylglycerol(MAG) + R'COOR,
(methanol) catalyst (NaOH) (Methyl Ester)
3. Monoacylglycerol(MAG) + R'OH < Glycerol(GL) + R'COOR
10 (methanol) catalyst(NaOH) (Methyl Ester)
4. R'COOH + NaOH = RCOONa + H,0
(Fatty Acid) (Fatty Acid Soap) (Water)

The main problem with the conventional transesterification process is the

long time needed to perform and complete the process. At ordinary temperature,

15 it takes several hours (between 1 to 5 hours) to complete the transesterification
reaction. If the process is carried out in a larger scale, the reaction requires
higher thermal energy. However, the limit of the temperature rise for the process

can only be up to 65 °C or below the boiling point of the alcohol used in the

reaction.

20 Another main issue that is highlighted here is the difficulty in converting
used and waste oils into biodiesel, particularly waste oil. These oils contain high
levels of free fatty acids composition and of longer carbon chain length up to C-
32. These oils need to be pre-treated in order to lower their free fatty acids
limitation to less than 0.5% and require a higher temperature and pressure
25 process. Furthermore, used and waste oils usually comprise of water/moisture

content that will markedly reduce the conversion rate of these oils into esters.



used and waste oils into biodiesel, particularly waste oil. These oils contain high levels of free fatty
acids composition and of longer carbon chain length up to C32. These oils need to be pre-treated in

order to lowgrgheiofseafatty acids limitation to less than 0.5% and require abgRaRiRvRRIBEUre and
pressure 25process. Furthermore, used and waste oils usually comprise of water/moisture content that

will markedly reduce the conversion rate of these oils into esters. 3 However, to convert used and
waste oils into alkyl esters are particularly desirable because of their low cost and availability. Other
difficulty relating to transesterification process is the handling of the transesterification products such

as the separation of alkyl esters from glyceral, 5 the purification of alkyl rs.an agement
of the separated glyc?elf)o N5k 4R °8I‘.’%fyisu %egsfrlg X S%e(?%elrn%ﬁeaﬁ( gg%tt%% %%oﬁ%%%?t‘ further
synthesis the glycerofdsirghiedectintmhithdiolyon astsindwyritabiltyollowing equation:- C,11803 +
3H20a>7 H 2+ 3C0O2 (Glycerol) +(Water)=(Hydrogett)...+ ...(CarbonDioide) 10Thus, while
transesterification is a well-known reaction to convert vegetable oils, animal's fats or oils or

combinations thereof int®thrydiéEealty mistingcin sipnsesisefaatiomarnesastés thenardling sfctheror
producing alkyl emerﬁ&ﬁk%%iérﬁf@ﬁ%ﬂt{ﬁﬂms%ﬁ%‘@iﬁ phaerpbieimgasiin 6 ahreeonnd

produce little or no waste material in the process which shall be environmentally, sijstainablg. 15 3.
Summary of thed Invethggnirification of alkyl esters and the management of the separated glycerol an

alcohol. It is desirable to recover the unreacted alcohol and to further synthesis

the glycerol by product into hydrogen as shown in the following equation:-

C,H,O, + 3H,0 = 7H, + 3C0,
(Glycero) + (Water) = (Hydrogen ...+ ..{CarbonDioxde)

10 Thus, while transesterification is a well-known reaction to convert vegetable
oils, animal’s fats or oils or combinations thereof into alkyl esters, there remains
a need in the field to provide a system for producing alkyl esters that is efficient
enough to handle all the problems addressed above and produce little or no waste
material in the process which shall be environmentally sustainable.

15
3. Summary of the Invention

It is a primary object of the present invention to provide a system for
production of alkyl esters, particularly a system that can convert used and waste

oil into an alkyl ester product known as biodiesel.

It is also an object of the present invention to provide a system for production
20 of alkyl esters that is able to manage the byproduct of alkyl aster, glycerol into

another product, hydrogen.

Another object of the present invention is to provide a system for production
of alkyl esters, whereby the yield of biodiesel is increased and the reaction time

significantly reduced.



It is a primary object of the present invention to provide a system for production of alkyl esters,

particularly a system that can c

onvert used and waste oil into an alkyl ester product known as

biodiesel. wdi818le6289% Object of the present invention to provide a systewdphvprashdaianse0of alkyl
esters that is able to manage the byproduct of alkyl aster, glycerol into another product, hydrogen.
Another object of the present invention is to provide a system for production of alkyl esters, whereby
the yield of biodiesel is increased and the reaction tirhe significantly reduced. 4 These and other
objects of the present invention are achieved by A system for production of alkyl esters and

hydrogen, characterlzec}m tha& E ns&gnl Jereaiment o
triacylglycerol- contalnlnghfeeeé1

(Ti), said triacylglycerol-containing feed stock is then mixed with an alcohol in a process tank (C1);

reaction stage, wherein e pagieRiEgAGNANISIALPRKIANIAG Rt alAckiaeasia iinseid alcohol

in the presence of a catalyst in a reactor tank (C2), T0forming a heterogeneous mixture comprising of

herein a

alkyl esters, glycerol dl siematoBgidssaction is assisted by microwave irradiation; and

10

15

20

a pre-treatment stage, wherein a triacylglycerol-containing feed stock is
filtered at least once and pre-heated in a pre-treatment tank (T1), said
triacylglycerol-containing feed stock is then mixed with an alcohol in a process

tank (C1);

a reaction stage, wherein the pretreated triacylglycerol-containing feed stock
is reacted with said alcohol in the presence of a catalyst in a reactor tank (C2),
forming a heterogeneous mixture comprising of alkyl esters, glycerol and

alcohol, said reaction is assisted by microwave irradiation; and

a post-treatment stage, wherein said heterogeneous mixture comprising of
alkyl esters, glycerol and alcohol is settled and separated by density difference
method (C3), the separated alkyl esters is then purified into biodiesel, the
separated glycerel is converted into hydrogen and the alcohol is recovered and

recycled back into said system.

The alkyl esters known as biodiesel and hydrogen produced according to the

“system outlined above.

4. Brief Description of the Accompanying Drawings

Other aspects of the present invention and their advantages will be discerned
after studying the detailed description in conjunction with the accompanying

drawings in which:

ere P east once and pre- ﬁeated a pre-treatment tank

a



a post-treatment stage, wherein said heterogeneous mixture comprising of alkyl esters, glycerol and
alcohol is settled and separated by density difference method (C3), the separated alkyl esters is then

purified intowwaigsehatze 15separated glycerol is converted into hydrogen pog tipeadoaoerds
recovered and recycled back into said system. The alkyl esters known as biodiesel and hydrogen
produced according to the system outlined above. 4. Brief Description of the Accompanying Drawings
200ther aspects of the present invention and their a8lvantages will be discerned after studying the
detailed description in conjunction with the accompanying drawings in which: 5 Figure 1 is a flowchart

showing the overall process, involyed in the system for production of %@gtﬁrﬁf (W]
flowchart showing ar?lE & eos(lji}%gn}[ﬁ%‘?’fﬁgrtpf'}el%}vem r%@n?%?%%?ﬁggﬁ?e% shows an e%%rodiment of the
system for productiorpedatitidresfetsy5istgisre 4 shows another embodiment of the system for

production of alkyl esters.
Figure 2 is a flowchart showing an embodiment of the pre-treatment stage.
Figure 3 shows an embodiment of the system for production of alkyl esters.

5 Figure 4 shows another embodiment of the system for production of alkyl esters.

Figure 5 shows an embodiment of the microwave assisted fluidized bed reactor

tank.

Figure 6 shows another embodiment of the microwave assisted fluidized bed

reactor tank.

10  Figure 7 is a flowchart showing the overall process involved during the post-

treatment stage.

Figure 8 shows the separation of alkyl esters and glycerol proéess in a settling

system.
Figure 9 shows the alkyl esters purification process into refined biodiesel.

15  Figures 10(a) and 10(b) shows the schematic diagram of microwave-assisted

fluidized bed aqueous reforming reactor technology.

Figures 11(a), 11(b) and 11(c) show the system for production of biodiesel in a

compact container.



Figure 5 shows an embodiment of the microwave assisted fluidized bed reactor tank. Figure 6 shows
another embodiment of the microwave assisted fluidized bed reactor tank. 10Figure 7 is a flowchart

showing thewayewllmreaess involved during the post- treatment stage. FigupeBxalowes toeoseparation
of alkyl esters and glycerol process in a settling system. Figure 9 shows the alkyl esters purification
process into refined biodiesel. 15Figures 10(a) and 10(b) shows the schematic diagram of
microwave-assisted fluidized bed aqueous reforming reactor technology. Figures | 1(a), 11(b) and
11(c) show the system for production of biodiesel in a compact container. 6 5. Detailed Description of
the Invention The present invention js direc, an efficient system for production of alkyl esters
and an effective systémsﬁgf%oerﬁf/iéfggl B'Pglfzéﬁjg%%rv f)??)'jgﬂction byproduct I?nto hydrogen. T)r/ﬂs system
comprises a pre-treatment stage, a reaction

The present invention is directed to an efficient system for production of
alkyl esters and an effective system for conversion of alkyl ester production
byproduct into hydrogen. This system comprises a pre-treatment stage, a reaction

5 stage and a post-treatment stage in order to handle the feed stock entering into
the system as well as the products produced by the reaction of the system. Figure
1 shows the overall main process involved in the system. In the pre-treatment
stage, a triacylglycerol-containing feed stock is filtered at least once and pre-
heated in a pre-treatment tank (T1). Filtration helps to remove particulate while
10  heating removes water from the feed stock. Heating is done by using electrical
heating system and the suitable temperature ranges from 100 to 120 °C. The
triacylglycerol-containing feed stock is vegetable oil, animal fat or oil, used oil
or fat or waste oil or fat or combinations thereof. It is the focus of this invention
to provide a system that can convert waste oil, which have high levels of free
15 fatty acids composition and of longer carbon chain length with presence of

water/moisture in it (e.g. waste cooking oil) into alkyl esters known as biodiesel.

In an embodiment of the pre-treatment stage, the pre-treatment comprises

dual filtering system (F1 and F2), a heating system within the pre-treatment tank

(T1), an esterification reaction phase (CR) and a free fatty acid (FFA) tester (TX)

20  as shown in Figure 2. The esterification reaction phase is optionally included
into the pre-treatment stage to treat feed stock with more than 0.5 % FFA,
reducing the FFA content to 0.5 % or less. However, the system without the
esterification reaction phase is able to convert feed stock with more than 0.5 %

FFA to alkyl esters by a single step transesterification, and therefore the

25  esterification reaction phase can totally be eliminated from the pre-treatment

stage.



5 stage and a post-treatment stage in order to handle the feed stock entering into the system as well
as the products produced by the reaction of the system. Figure 1 shows the overall main process
involved in {i@)ysiaiab2bg the pre-treatment stage, a triacylglycerol-containipgiagedstoalodssiitered at
least once and preheated in a pre-treatment tank (Ti). Filtration helps to remove particulate while 10
heating removes water from the feed stock. Heating is done by using electrical heating system and the
suitable temperature ranges from 100 to 120 C. The%riacylglycerol-containing feed stock is vegetable
oil, animal fat or oil, used oil or fat or waste oil or fat or combinations thereof. It is the focus of this
invention to provide a system that can convert waste oil. whic ve hi | i tty acids
composition and of Iongeﬁrr %rgrft)%rp € 'grfﬁn(ljrgﬁ% ﬁt(a}\%?h %?e%rgﬁtcr:%agﬁ] v%é%a g‘%#ég{é?eé ?ﬁ%{&ﬁe%l.%\?ite
cooking oil) into alkylststkrenteroerpasbiotiekdlC 1) Iwkareinh oiixeshwithiaa gheoheatfherfeedage, the
pre-treatment comprigga, djal HISHAGRNRLCMShd 3G fratlo HSAURKHSHR'GIBMINS SRerapEpry eatment

tank (Ti), an esterification reaction phase (CR) and a free fatty acid (FFA) tester (TX) 20 as shown in
Figure 2. The esterifieatbanpbaanier pttharols Eheiorenlyoh dsuaesieradtnivigsted disige RILERSER to treat

feed stock with gore than, 0.5 M A nBICiAG the FEEAGORRRAM A 5 Haiulesst $iawesen he system

without the esterification reaction phase is able to convert feed stock with more than 0.5, f?gp FFA to

alkyl esters by a singhe @IS sFaissRleBiTRAABFPREA St YOPY fhe pesess HhemPsh 1 RS hase can

totally be eliminated faradhieuMRkbERIBI6REBIRMixfureHrom siaduiaingaindat staganiheapie-treated
triacylglycerol-containing feed stock enters a process tap{}ﬁ aé%l where it i§ mixed with an alcohol. The
C

feed stock is mixed WitRahd&hatcemif detnd, foeransestpy BISERS prfe BB BIRERSI Bnd/or
ethanol. The alcohol iptisgietabiysiec teaiblsingndies geith oppesisei retationinebikecxmieeitiondle
feedstock stream at a pressure of 8.t0. 9.5 bar. The pressure atomizing nitrogen gas wijll fill the process
chamber to provide e{'}ﬁWB e?%’l%mwlf’os ) é%t%%e%gﬁr&%r@ ?Fg(ﬁ%esSUﬁ%lﬁn%ﬁﬂc%%sasl%%ﬁgv g%)wt ins water
vapor that could retarbibk tepirstiaterstiatipimpoppesiss Tirectirirey bighepsed dyyelnizeitsy asing
double spindles with gopgsite fotalion Lnlike sanvenionah RSO NEIRY ela Spiplgfer stirring
purposes. The process tank having doubre spindfes rotating T opposite direction at high-speed levels
creates a turbulent rlehehjxihisnirtedmeselts énrommg dstenandriighee coniesdon&¥R-and alcohol, which
later results in a more faster and higher conversion rate. The pretreated triacylglycerol-containing feed

stock is reacted with said o ) . .
The pretreated triacylglycerol-containing feed stock is reacted with said

15  alcohol in a reactor tank (C2) by the introduction of a catalyst. The reaction
taking place is a single step transesterification process whereby a heterogeneous
mixture comprising of alkyl esters, glycerol and alcohol is formed. The catalyst
used herein is chosen from sodium hydroxide, potassium hydroxide, barium
hydroxide or calcium carbonate. The reactor (C2) may be of any type known in

20  the art; however the preferred reactor is a fluidized bed reactor, more preferably
a fluidized bed reactor equipped with at least one microwave generator. As
shown in Figures 5 and 6, the fluidized bed reactor preferably comprises at least
one column, which is designed to contain or not contain the catalyst in such that
the flow mixture passing through the column(s) is fluidized using silicon dioxide

25 medium in the region to be subject to microwave irradiation. Microwave
irradiation introduced to the transesterification reaction accelerates the reaction
due to the local rise in temperature and pressure within the reactor. When
microwave irradiation is applied to the reaction, it causes cavitations in the
mixture, thereby promoting the ester interchange reaction sufficiently within a

30  short period of time. During microwave irradiation, polar molecules such as



15 alcohol in a reactor tank (C2) by the introduction of a catalyst. The reaction taking place is a single
step transesterification process whereby a heterogeneous mixture comprising of alkyl esters, glycerol

and alcoholygdapimasdse catalyst used herein is chosen from sodium hydiexigaypaiaesiun
hydroxide, barium hydroxide or calcium carbonate. The reactor (C2) may be of any type known in 20

the art; however the preferred reactor is a fluidized bed reactor, more preferably a fluidized bed reactor
equipped with at least one microwave generator. As &hown in Figures 5 and 6, the fluidized bed
reactor preferably comprises at least one column, which is designed to contain or not contain the

catalyst in such that t?l]eoglo ixture, passing through the column(s).is fluidi el(%usin il] dioxide 25
medium in the region § 8Ylﬂ ct'Y tp}nfsg?m%%len ?H‘qéﬂ?'atfgﬁpwgrc%% ngt}?:ra%?a icﬁ?‘?f%?%%ﬁ?gd to the
transesteritication reastioovases|cFateshginaatieririab feekhslacantése withpthatmaesilpressure
within the reactor. When microwave irradiation i led o, ihe Fqgﬁgipghjltvgqg?ﬁsr&gﬁggg%s in the
mixture, thereby prorﬁ%%?r%st?{lgNg%?éﬁéltlegﬁ:é%r%Zh%égggg%ﬁ s&%igiently within a 30short period of time.
During microwave irrhdit o gensoitgddviete i torlbbisnagtionoThrgRatasa e CaEiRUENSIF changing

magnetic field ggnerafed BYIGLONEY fin pie GRANIIRE SieliRAficiftne iRt B RrEde. molecular

dipoles and charged ion cause these molecules or ions to have rapid rotation and heat is generated

due to friction of this MisiewavmiasEreniderimesen atrsier acesssibiliveofotis swespila bondseure at
local reaction site thaisdhe CalalltinsH fagiMicaiemve I Rainen! iegRaasateriacrasadbility of the

susceptible bonds and hence a much more efficient chemical reagtion. The reactiorrw#s increased
significantly compareti@ifistiy) anuesedriffoatRimahfens RHOR LSRHISR tim & HiUEE be
controlled to avoid ovgedRaLEN0 (wkiGhuarbeassardlledenesaliof sherheatiignwRistiationcaoseer levels
must also not be too high, which may cau amage to the organic molecules. The fre cy of the
microwave irradiatio Y& iRLHE ﬁ?g‘gé%sé%%ﬂgﬂ i€ eyg[ Jaust %].?t%oi% 8ﬁ2ﬁ e% erﬁg ium used
in the microwave assisdgctiluselidatpgedoahctorgimiprafelahlesiltenfaiguédey 05 Fesmirgawaent stage
includes the settling and,separation ’}ﬂef“rrtehs%{n"{é’a%?%s”i? i(r)lftﬁker%%g%?g'%}lm%g Higgsiglification

.a
: 2 irra ed in
reaction as shown in Elgureo?. e HeteroRsnaous mixture comprisi esters, glycerol and

alcohol is settled ancis=lharatestdyind dnsityiditferyncassistith oluidized Jeedimepetad teprateidfitanks
(C3a, C3b, C3c, CSinﬁ\gmleﬁgy(@d@ Figure 8. The suitable temperature for 20 this process ranges from
40 to 70 C. The heterogeneous mixture flows from the reactor tank (C2) into a first settling and
separation tank (C3a). The mixture that flows into this first tank should be at least 65 C to ensure that

the alcohol vappyizes intg,gag farm,anddiowsdhiRHohRePIRgam dhe SIlingian darap®iatien tank to

an alcohol recovery phase (C4). This phase employs a distillation method 25 to recover the alcohol

whereby the recover@tPetsaingiof e errsiptscf Hedeameysrifisstiensiraction A ehrndefUgEs an
important stage within g alierkepisioROFliRIGeaTIAPRATAUERlIRJEebielis el dhderldshekiess

amounts during transesterification to ensure all, if not most of the triapylg[g{cerol are converted into

alkyl esters known aga$itsdiaad seppeatedoby dspsieidtirrsrrfauatiadoysing settling and separation
tanks (C3a, C3b, C3c, C3d) as shown in Figure 8. The suitable temperature for

20  this process ranges from 40 to 70 °C. The heterogeneous mixture flows from the
reactor tank (C2) into a first settling and separation tank (C3a). The mixture that
flows into this first tank should be at least 65 °C to ensure that the alcohol
vaporizes into gas form and flows through a pipe from the settling and separation
tank to an alcohol recovery phase (C4). This phase employs a distillation method

25  to recover the alcohol whereby the recovered alcohol will be recycled back (R2)
into the system. Alcohol recovery is an important stage within an alkyl esters
post processor because alcohol is usually used in excess amounts during
transesterification to ensure all, if not most of the triacylglycerol are converted
into alkyl esters known as biodiesel. Therefore, by including this alcohol

30  recovery stage into the system, alcohol wastage can indeed be prevented and



30recovery stage into the system, alcohol wastage can indeed be prevented and 9 reduce the cost of
biodiesel production. Distillation is carried out by immersing the piping where the vaporized alcohol

flows in coldywgaderoamaginser to liquefy the vaporized alcohol, which is thepeolastsddncansglcohol
collection tank and pumped back into the system. 5The heterogeneous mixture is allowed to separate

into alkyl esters and glycerol. As the first settling and separation tank (C3a) begins to fill up, the
differing densities cause the alkyl esters to float abo¥e the glycerol. The alkyl esters flows through an
overflow pipe into a second settling and separation tank (C3b). This step is repeated at least in three

consecutve setling sofseparatan 10.an (Coh e Sadlhore e Jna sefloapnd

separation tank (Csdﬁﬁ,’ he a ey esters should Contain little or no traces o >
then overflow into a rhixipigiterw{es fendhporieed tevhelxflevegio cold wakgl eandensputeribiawely stage.

Heaters are 1o be fxsgh g, Aoram a2l o 1901 SB/IBALIG IERSIRILESIRLIA B ifadoes not

drop too low as the glycerol WIT arden 15 to gel and cause blockages within the pipes. Any heating
device may be appliqmprigpack inetHsE¥ReBnvection, radiation or conduction. Microwave irradiation
may be used in this process. Microwave irradiation dramatically shortens the settling and separation
time from several hours to a few minutes. In addition, the yield percentage of alk){l esters produced by

microwave irradiation se®RghSeregnnFae MBS saLew A o RRRATR RIS felrss
significantly by 15 % $g,&Q0t0.A3 $HRPfissNeQeRg ehenspheativat thea JigseyWdgias itochilegingén the

settling a_nd separation tanks does, not flow through the overflow pipe. A sensor islinﬁ;allzﬁf(j just below
the opening of the ovEFRSREAFRSHRICH Y fg@%?'qﬁ’ét%h;% t@%ﬁ&&ﬁﬁgﬁ @ec Gcerdt Ayer touches
the sensor. Another gepgofléwsZholageshabeyRoheipel inotiarsqiped satiag aidisepbotiomtaikhe tanks
e, S50 3 s B Aol oncs
purpose. Each tf saithsiat(Gba68cs €3d)atibarecinkbafsmlsstiimgsend pérawstivctankd€isdr thtensity
meter or specific 30gfavity N3l WG LRI JP oIS SHYFRALT O MsP Eltass A 10
then overflow into a mixing tank (C5) and enters the next stage - the alkyl esters
purification stage. Heaters are to be fixed to the bottom of all four tanks so that
the temperature of the mixture does not drop too low as the glycerol will harden
15  to gel and cause blockages within the pipes. Any heating device may be applied
using the method of convection, radiation or conduction. Microwave irradiation
may be used in this process. Microwave irradiation dramatically shortens the
settling and separation time from several hours to a few minutes. In addition, the
yield percentage of alkyl esters produced by microwave irradiation settling
20  compared to normal settling without microwave increased significantly by 15 %
to 20 %. A step is needed to ensure that the glycerol that is collecting in the
settling and séparation tanks does not flow through the overflow pipe. A sensor
is installed just below the opening of the overflow pipe, which will trigger the
valve to close when the glycerol layer touches the sensor. Another sensor is
25  placed above the collection pipe located at the bottom of the tanks (C3a, C3b,
C3c, C3d) where once it senses the alkyl esters layer, it will shut the valve close.
Since glycerol and alkyl esters have different conductivity; therefore a
conductivity sensor is suitable for this purpose. Each of said settling and
separation tanks also comprise a photoelectric sensor, density meter or specific

30  gravity instruments in order to flow out the glycerol from the settling and



separation tanks (C3a, C3b, C3c, C3d) into a glycerol collection tank (T4). In an embodiment of the
settling and separation tanks, see through tubing is fixed at the bottom of each settling and separation

tanks just befgreotfagyaiues. This is to allow a photoelectric sensor of the valgeavia ilpweabéihe glycerol
from the tanks. 5 Sodium that may be present in glycerol is neutralized using an acid and if any salt is

formed, it can be used as a fertilizer. The separated alkyl esters are purified in a mixing tank (C5) for
refining into biodiesel. The removal of contaminantsiithin alkyl esters is traditionally accomplished by
water-washing the alkyl esters. By using a synthetic 10 magnesium silicate adsorbent which is

commercially known as Magnesol, M -wash .can be elimjnated,.and s the liquid
separation and dryiné%’ﬁ’ﬁ?%é’ﬁg? . ?f%’s%ag ?El’&ﬁ)a ﬁ?rﬁfﬁrf)orcgic%cl%lgflann wat 'r,[]nsgult will
remove the last bits featbodikyéreif the Rettliigaition sepiagtidmgandspbed gbrivugle sskisghie Bxédaaive stability

of alkyl esters and it ig alsg able to remgye sulfur, Magnesi ili ipity for polar
t%e otto tIeacFﬁ SC m% an% S g‘lﬁﬂ&‘?%ﬂks S§ qu;g %%ﬁ\%goﬁgié 'EB
compounds, thereby active y'?ll?erlng out excess alko ol, free glycerol, mono and di-acylglycerol and

metal contaminants silchwaspbotiielnstiic seisiionf thefralyesty Bevdeu it shygsratfeas hatatkdis are then
removed from te proeagsiNiRvamIBalct.n feinkeniNSIERiegiJadigHE & Hfialylieatsrs that has

been separated from glycerol is flowed into the mixing 20 tank (C5) where Magnesol is introduced into
the tank. The mixtures®t islkgimeedeitcamganseshessdfGEiHfRed together thoroughly using a mixing pump
(H5). The mixture is circulated into the mixing tank (C5) and into the pump (H5) at least 5 times to

ensure that the Magnesol is mixing well into the alkyl esters. This _allo%v&(ttf}gg/l negsfzgl ta work
efficiently to adsorb any Dhesepasaed aiky! estertarsrRisdind-inia Ting: I@ﬁr P& e mixture

of alkyl esters and Mpagsel.isTHie reptoval thfotaatileng thignsalkydf éters (F3rdditidna)lyo
effectively remove the Magngﬁgl anpd metallic cglntam'nategépch as buﬁnot limited tg sa%igm,

potassium, barium aAGCRERISAFITIRY fiNAET Y3 RIE A AOWinSiEs WhelCB\Ffifer?S preferably
contains standag 5 iaab@dsiiarosiliarsiddodefittevhicateriabnvindec ity oty Ssphddgnati; tntains

chitosan. The mpuriTEST AT P e AT e St LA Ao ST e
purified alkyl esters aarlk)dcdi&ﬁsthrg_nekxibUissdhi_ghtef&rﬂylI@mmhahmwt&ndi@mw FWAYA as refined
queous.phase reactt LR o R P e erod.

APR technology is asxidative itabitjtyrefadkytiesters/aeddt inelserablpdocsmaye: sy, Magnsai¥@parately by

calculation. Thigsis 10,6RSIN GG SRGIRIGHARFFIP PASTVERPANES Herb WAIGELS filtering out

excess alcohol, free glycerol, mono and di-acylglycerol and metal contaminants

such as sodium, in addition to free fatty acids and soap. These materials are then

removed from the process through filtration. In detail as illustrated in Figure 9,

* the alkyl esters that has been separated from glycerol is flowed into the mixing

20 tank (C5) where Magnesol is introduced into the tank. The mixture of alkyl

esters and Magnesol is mixed together thoroughly using a mixing pump (HS5).

The mixture is circulated into the mixing tank (C5) and into the pump (H5) at

least 5 times to ensure that the Magnesol is mixing well into the alkyl esters.

This allows the Magnesol to work efficiently to adsorb any of the remaining

25  impurities that is still within the alkyl esters. The mixture of alkyl esters and

Magnesol is then pump through at least three sets of filters (F3, F4, F5) to

effectively remove the Magnesol and metallic contaminates such as but not

limited to sodium, potassium, barium and calcium. The filters are design to flow

in series whereby filter F3 preferably contains standard 5 to 10 micron cartridge

30 filter material while filters F4, F5 preferably contains cartridge consisting of



10 done in a complete reaction process based on theoretical calculations. The glycerol and water are
first mixed up and the mixture should be stirred perfectly and uniformly since glycerol is a very viscous
liquid and pgytalimdeigeikye with water A well-blended mixture reduces the stickinass@idhpinixture
hence decrease the time taken to heat up the mixture during the process and to ensure 15 that the
mixture can be easily reacted chemically to the catalyst in a faster way. The reactants are preheated to
increase the reactor's efficiency and also minimize thérmal shock stress to components and structure
of the reactor. Preheating allows the process to be done at lower pressure. After preheating, the
measured catalyst is mixed together.with the reactants inside,a reactor «C refar a
fluidized bed microwag/l]gs?e%lec gﬂl altﬁrelgiar{‘a yestousaeCI for pﬁ%‘ p())rl(l) éi@ iégégpglegr}gﬁ%grﬁé;%ﬁghr{eaction is
started by applying extetosahpreBsuientmtiiesnwitli rothieatieelcastens angecemgviett tessther With
compressed alr. Heatpa rogessifitat Imanapysiuaieniisieadipihasigrapeasirized up
to 1.25 bar. Heat is required in the reaction since the réforming in the reaction is 25 endothermic. Any
heating device using ¢aestiom tralof TOraRscis e Yy ke A BRRbIedissshay be used to apply heat in
the reactor and also during the preheating stage; however the preferred method is by applying
microwave irradiation. The highest pressure up to 22 bar and temperature of theA[eactio is maintained

and held for at I8ast 30 rhuREPIFRtsHHYSERs iR i rELMkidH ROV plBtR M YREREFRINY t8 the

present invention, thefeiimae cagriian igudbes-pRasecactionds ER MO tchibboggtalys) ariThat 200 to
225 C for at least 10 minutes with micr(%zv ve irradiation. Furt efxéri;%e, We eactor is;ar(‘)eferﬂlbly a
fluidized bed reactor SRABALE APHAR X1 H UL CRBYG I EY I HRENSigh Tontigdtation of

the column(s) is similpigageth® reBloptaedtdiC Apacantaidincatahybts met eaighinth geharaalplyst in such
the reaction regime suhject to microwave irradiation is fluidized. The mediu 10 ihgfqgctor is
preferably Teflon bea%@.’“f‘?‘}éo?gigf & é%l‘fﬁfgﬁeig% (l)lSvnélaa}'lor%%f%%%%%??o%@#fﬁ% ?eg;sht %ne hour to
decrease the pri@ssurdoaaditeapargiicte iesidionhproisshdayedank. titngetionlirmglintatipnsmpbetant to

ensure the hot produgh 1 e feACiar aes 10t ALt AUSACRG, B RERPBULE Ryl dhe onger
t

the settling time, the Batterbatause afl the denser glycerol, catalyst and the uncompleted water vapor
would be completely amd theifootthnsindeigbydesehisrgerennkistous tiwidraadersially JaissiideMitibat on the
top and flow to the gag,sepaalonIMIGHER HRsRRACIDgVAVER AeRRBIC Y GROIAR@NRedizcharge

tank could be accelerated by using force convection 15 cooling. The hydrogen gas produced is

collected through a céerase thectiow|talen tayhses g hpmisne dysng AReMaRFsiAY AR SRHEEthe
composition of {ze pradygioasaacUROLRL Iy AheaicHm PESHE eaiaRstan valtbr ivay.

combination of fluidized bed microwave reactor and aqueous reforming reactor, to be now known as

Fluidized Bed AqueoteRETi#iky MicIRAFRRRER SR IFIeas IO RTI610RYd SHSFo ATid%20  Inan
embodiment of this inyeRtieR tHEMAIOkhSYSIeRRIS RAGMMgRMMNLE andnpretentaintiearatepicted in

Figures 11(a), 11(0) Zil’rr]egjhc:al'a%i(xg:g%'allows the process to be done at lower pressure. After preheating, the
measured catalyst is mixed together with the reactants inside a reactor (C6b),

20  preferably a fluidized bed microwave reactor. The catalyst used for this process
is copperchromite. The reaction is started by applying external pressure to the

inside of the reactor by injecting the reactor with compressed air. Heating
process is started simultaneously after the reactor has been pressurized up to 1.25

bar. Heat is required in the reaction since the reforming in the reaction is

25  endothermic. Any heating device using the method of convection, radiation or
conduction may be used to apply heat in the reactor and also during the
preheating stage; however the preferred method is by applying microwave
irradiation. The highest pressure up to 22 bar and temperature of the reaction is

maintained and held for at least 30 minutes in order to ensure the reaction is

30  completed. According to the present invention, the optimum condition for the



Alkyl Esters produced according to the system of this invention can be used as biodiesel and it is
clean, contains moisture below 0.05%, percentage of free 25 glycerol below 0.02% mass, total glycerol

below 0.24Gx6 mase0asss each metallic impurities not exceeding 5 ppm. Thediodiespb/mpets with the
specification in accordance to ASTM D 6751 and ASTM D 2880. 13 The following examples are
intended only to further illustrate the invention and are not intended to limit the scope of the invention,
which is defined by the claims. Example 1 - System ¥ér Production of Alkyl esters 5 Figure 3 is a flow
diagram showing the basis of the whole system, in which numerous process tanks and processes are

embodied. In process tank (C1),.pretreated waste cooki i b I ifgdgp%wﬁl- (N ata
ratio of 5:1. This mixiﬁeﬁcﬁlr%éless;svﬁglﬁotﬁgst v‘\;%f%\’/ &%@%ﬂfﬁg@g (t‘r?z(agt&r%%taﬂtaexg%%pposite 1(r.)Mgltrection ata
speed of up to 15000witmnildrevcavetimadiftivris Puobenndesathe asedanianesfarabharefttidiagkiure

homogeneous for the, gt slage. i NRleThe THRASSSSHANK (Dt ri(E aRY aligpans may

take any geometry and may be equipped with any devices, ranging from electronic device such as a

sensor to mechanicarerfigseatonrfithe coknmen(a)is similanasithy pracies ek CRxrenading #idtreated
waste cooking gl (EZq).and et ald EAdlgwsidosade artaeiembn Gealthatisact uisdizeerdesl enicrowave

reactor. This may be done with or without using any type and form of pump (HI). In Ehi example, the
homogeneous mixturdridiatipfoisafiMidizad ([Lhe e rirdir M5 radne hiRttigat¥ohiiifed at a

flow rate up to 20 litepgads. hEny dererd sbifaifkidizagviaerionitraviasolraawiofo2Qu Gastisnyheie the actual
transesterification process occurs. The transesterification prqocess ogcyrs at a t erature T between
onil b e fnelhe st

60 to 70C with a pred8lEFHaTH PO RIFSSHE A (ARG G tiUtes T 85U this
environment ofp andtimedhizapinganed cnsurytine hop phieditsinglih ecaethdeko hoospidctivndwediation or

conduction. Prefprably, fadiation fram of leashone micrawaus, 25 qencialar (WIh s applifdysing or
without using any meand 8t Mixing efemerits sic a spraying valve of mixer rotor / blade, the
catalyst (E3) is addeddms¢hglyvetnl;eatdlgseaibtbh envonplesdtivatqroahocavauldibe sgammletaly mixture of

alkyl esters, methanq agd gyeerlr dR%ETRRE RS HRAIGEHY Bl EROWARA float on the

top and flow to the gas separator when corresponding valves are opened.
Cooling of the discharge tank could be accelerated by using force convection
15 cooling. The hydrogen gas produced is collected through a canister. The
collected hydrogen gas is sent for gas analysis to analyze the composition of the
product gases collected from the microwave assisted reactor, which is a
combination of fluidized bed microwave reactor and aqueous reforming reactor,
to be now known as Fluidized Bed Aqueous Reforming Microwave Reactor
(FBARMR) for hydrogen production.
20
In an embodiment of this invention, the whole system is packaged in a

compact container as depicted in Figures 11(a), 11(b) and 11(c).

Alkyl Esters produced according to the system of this invention can be used

as biodiesel and it is clean, contains moisture below 0.05%, percentage of free

25  glycerol below 0.02% mass, total glycerol below 0.240 % mass and each
metallic impurities not exceeding 5 ppm. The biodiesel meets with the

specification in accordance to ASTM D 6751 and ASTM D 2880.



14 usage of at least one number of columns (01) in the fluidized bed reactor (C2). For this example,
100 g of catalyst per container is placed into the column (01). With at least one settling and separation
tank (C3), tiviconeituwe2edealkyl esters, methanol and glycerol is allowed to settieMandoseperaie, wherein
the settling and 5 separation process is also assisted by microwave irradiation. The mixture is then
separated to its respective components, methanol (P1), alkyl esters (P2) and glycerol (P3) for further
processing in C4, C5 and C6, respectively. The sepdfated alkyl esters is purified, the separated
glycerol is converted into hydrogen and the alcohol is recovered and recycled back into said system as
10 described in the earlier part of this specification. An option to reach a better quality of the final
product / products is to reroute (RI) the mixture comprising of alkyl esters, methanol and glycerol in

(C3) back to the fluidizedTbe fotkwang semplerpredntendsdaninta farhetilustrps teinvpdhe system.
The catalyst (E3) is 13addeq pafRiiRand imhibgPLessssahamisiioh, whieH i asaatarsicadon process

may be done with or without any mixing element in this chamber (Cl). The columns (01) in C2 are not
needed to contain cal%h\}%’(shere but the mixture flow is fluidized in the column. The heating device at
C2, if there is any, helps the settling process of product and by-products before C3.To optimize the
process using this arrangement is to reroute (RI) the mixture in C3 back into Cl. 20Example 2 -

Fluidized Bed Reactogyafrigtie_Sssheiser frsailesollWigrgikegdeactor (C2). The mixture of methanol
(El) and waste cooking oil (E2) flows into n > 0 numbers of columns (01) using or without using n >0

number of pumps (H2). This mixture flows through columns (01) with or without reaction with the
catalyst (E3). The whole process 25works with or without n > 0 numbers of heating devices. However,
at least one microwave dégeraiois @/f)visdingfaraipiisgathecdasinofitrethoteasitem;Tinevhlcolumns of

the reactor are positighed accordin the cansideratign of RroGess mnggssenthly sease- Figure 6
shows an alternative g?%eﬁaléné%f %%r%é%ﬁéigﬁde(? %Sgd reactor (C2). Pumps%H3 and H4)§ma%/ be used

to transport the mixtupestiateshwnite cpakiagrril (B2)dsaeired vitthmgsherps () 342 o HPHia)
This mixing process is done with double spindles that rotates in opposite
10  direction at a speed of up to 15000 rpm. The duration of this process is at least 5
minutes to make the mixture homogeneous for the next stage of the system. This
process tank (C1), as well as any other parts may take any geometry and may be
equipped with any devices, ranging from electronic device such as a sensor to
mechanical device such as a valve. After the mixing process, the mixture of
15  pretreated waste cooking oil (E2) and methanol (E1) flows to a reactor tank (C2)
that is a fluidized bed microwave reactor. This may be done with or without
using any type and form of pump (HI). In this example, the homogeneous
mixture is pumped into the reactor, wherein the flow of the mixture is controlled
at a flow rate up to 20 liter per hour pump. The fluidized bed microwave reactor
20  (C2) is where the actual transesterification process occurs. The transesterification
process occurs at a temperature T between 60 to 70°C with a pressure from 1.2
to 1.25 bar within a timeframe of 2 to 3 minutes. To fulfill this environment of p
and t,, a heating device may be applied using the method of convection,
radiation or conduction. Preferably, radiation from at least one microwave
25  generator (M1) is applied. Using or without using any means of mixing elements
such as a spraying valve or mixer rotor / blade, the catalyst (E3) is added to the
mixture where the chemical reaction produce a heterogeneous mixture of alkyl

esters, methanol and glycerol. The catalyst (E3) is added with or without the



5 for any suitable application / measuring device, such as a pll-meter or a density meter. The valve
may also be connected directly to (C3), if the conditions are suitable. Example 3 - Packaging of a
Compact BiediesebBoozssssor The system will be housed in a shipping caataimanodveibies modified
to accommodate all the required equipment and sections of the biodiesel processor. The compact
processor will have six sections: the cab (11) where the control systems, analytical equipment and the
operator would be; generator and compressor sectiolf (12); methanol storage section (13); settling,
separation and washing section (14); raw feed stock tanks (15) section; and pit-processor and

processor section (16), Figyje, g) sheyihe bASiaUavRYH e naskhiadissabirqeassor. As i

can be seen in the Iayoﬁ% processes are designate own section. The operator cab (ll) is
located at the rear of ffas friscasawple THY eaf entabystimer ieostrinatisHiagediietrthe splrard(Stbek (15) will

not spill into other seciigg, hish SRUERRAISANITESRAUANAR (25 PRIPIARRSRING: MIFessigy and the

washing section. It also ensures if there is any leakage or malfunctions in the systems, it can be

contained in the partidiféhasekaoh byreseliiy el Sporetide apd psparalepWherRsin the StB8 @dse it can

be done section py S%B%ti?ﬁﬁ‘%xﬁ&&@ﬁ@@is&%ﬁ%&gmﬂm% (H3disishuTRdkihe searAd
compartment from the rear so that if a rear impact occurs when thi ‘EI‘OCGSEO{‘ is beirg@lgansgorted, the

operator cab (11) andSBREUREL A FeFRSPSESVEctomRPREM T rmedBnel dhidh A\ B Aimpact

and hopefully leave theyaresnape) ufdaafirge: [pisceisingirénponf @sddndalliesepsprattvitym The other
sections. This section is also fully sealed away fram the environm ntlso th?t.in the ev Qt of a leakage,
o s 1 By ) SRatmee, L

the methanol 16 will ﬁ%ﬁa@};ﬁgo iﬁﬂfég 1 ')'ré eéi 1 E) BRI E B p'lsaceomveeﬁ%% ofrfﬁ)e

components in the cohydagehiadicted piadedssrrecoVeile qndrtienyicled rhinddinte s b syhemuisect
invention have hgen deseribid il e ebylons fauoss ahllsthin e afttheky atigls changes and 5
m t rom t

modifications to the su%ﬁ%c invention can ade without departing e scope of the invention. It
is intended to cover, iquilityagfipba diedlgpaddsst 4l psedsistanisdificerdutes(fhbt theemiAtiing compssiiE of this

nvention. 17 What is, PP eigts meumaiCId Y adl il 05 AR o Her ARG D BkageR GPMPrising:
a pre-treatment stage(,cv;) rein a triacylglycerol--containing feed stock is filtered at

Figure 4 shows an alternative arrangement of the system. The catalyst (E3) is

15 added beforehand in the process chamber C1. The transesterification process
may be done with or without any mixing element in this chamber (C1). The
columns (O1) in C2 are not needed to contain catalyst here but the mixture flow

is fluidized in the column. The heating device at C2, if there is any, helps the
settling process of product and by-products before C3.To optimize the process

using this arrangement is to reroute (R1) the mixture in C3 back into C1.

20 Example 2 — Fluidized Bed Reactor

Figure 5 shows a detailed fluidized bed reactor (C2).The mixture of methanol

(E1) and waste cooking oil (E2) flows into n > 0 numbers of columns (O1) using

or without using n > 0 number of pumps (H2). This mixture flows through
columns (O1) with or without reaction with the catalyst (E3). The whole process

25 works with or without n > 0 numbers of heating devices. However, at least one

microwave generator (M1) is preferably installed to assist the reaction. The



5least once and pre-heated in a pre-treatment tank (T1), said triacylglycerol- containing feed stock is
then mixed with an alcohol in a process tank (C1); a reaction stage, wherein the pretreated

triacylglycerglecaniginmngsfeed stock is reacted with said alcohol in the presegaene{ seabalyst in a
reactor tank (C2), forming a heterogeneous mixture comprising of alkyl esters, glycerol and alcohol,
said 10reaction is assisted by microwave irradiation; and a post-treatment stage, wherein said
heterogeneous mixture comprisingalkyl esters, glycéfol and alcohol is settled and separated by density
difference method (C3), the separated alkyl esters is then purified into biodiesel, the separated

glycerol is converted into hydrqgen and the alcohal.is recovered and recycled ' ajdt 15system
characterized in that ﬁ?}euglc'}/éc't-#ga ?nreeﬁftsofaag fB?ﬁ%%?ngomaﬁﬁgr%lg?%p}lmﬁgeéwﬁé%ecgﬂs%%gﬁ@q Lﬁ%ous-phase
reactor for convertingpgiyesy ehihtsserthlygpacs diigasué shewhaseliernativeisreanggpedt withat least one

microwave generatoriih) 44,4 ASSC AN HAT YIS PraraiR Sage

optionally comprises an esterification reaction phase to reduce the free fatty acid content of said
triacylglycerol-contaimvifeech8t0prSDYBIvE Blapbs attached to the pumps (HI, H2, H3 and H4)

5 for any suitable application / measuring device, such as a pH-meter or a density

meter. The valve may also be connected directly to (C3), if the conditions are

suitable.

Example 3 — Packaging of a Compact Biodiesel Processor

10 The system will be housed in a shipping container. It will be modified to
accommodate all the required equipment and sections of the biodiesel processor.
The compact processor will have six sections: the cab (11) where the control
systems, analytical equipment and the operator would be; generator and
compressor section (12); methanol storage section (13); settling, separation and
s washing section (14); raw feed stock tanks (15) section; and pre-processor and
processor section (16). Figure 11(a) shows the basic layout of the compacf
biodiesel processor. As it can-be seen in the layout, all processes are designated
to its own section. The operator cab (11) is located at the rear of the processor.
The reason for this is so that the unfiltered raw feed stock (15) will not spill into
20 other section, which requires cleanliness such as the pre-processing, processing
and the washing section. It also ensures if there is any leakage or malfunctions in
the systems, it can be contained in the particular section. Cleaning of the
processor also will be much easier because it can be done section by section. The
methanol storage compartment (13) is situated at the second compartment from
55 the rear so that if a rear impact occurs when the processor is being transported,
the operator cab (11) and the electric generator set and compressor section (12)
will absorb the impact and hopefully leave the methanol unharmed. It is also fire
proof and totally separate from the other sections. This section is also fully

sealed away from the environment so that in the event of a leakage, the methanol



253. A system as claimed in claim 1, wherein said triacylglycerol-containing feed stock is vegetable oll
animal fat or oil, used oil or fat or waste oil or fat or combinations thereof. 18 5. A system as claimed

in claim 1, wheraifosaidsc ilglycerol-containing feed stock is mixed with an gdaokhahabgoitigsof 5:1 by
using nitrogen pressure atomization injector at a pressure of 8 to 9.5 bar. 6. A system as claimed
in claim 1 or claim 5, wherein said alcohol is methanol and/or 5ethanol. 7. A system as claimed in
claim Litsaid process tank (Cl) comprises two spindl& rotating in opposite direction. 108. A system as
claimed in claim 1, wherein said triacylglvcerol-containing feed stock is mixed with said alcohol at up to

15 000 rpm for atleagt P RS ARUSIEMTES BIDTI() SR dntbese pasiniractpmiage i a

single step transesterification process. 1 o
components in the compact biodiesel processor.

While particular embodiments of the subject invention have been described,

it will be obvious to those skilled in the art that various changes and

5 modifications to the subject invention can be made without departing from the
scope of the invention. It is intended to cover, in the appended claims, all such

modifications that are within the scope of this invention.



10. A system as claimed in claim 1, wherein said catalyst is sodium hydroxide, potassium hydroxide,
barium hydroxide or calcium carbonate. system as claimed in claim 1, wherein said reactor tan
C2) is a fluidized bed 20reactor with at least one column (01). 12. A system as claimed in claim 1 or
claim 11, wherein said reactor tank (C2) is a fluidized bed reactor with at least one microwave
generator (M1). 2513. A system as claimed in anyone of claims 1, 11 or 12, wherein the medium used
in said fluidized bed reactor is silicon dioxide. A systeh7 as claimed in claimTherein said microwave
irradiation is in the range of 0.9 to 2.5 19 15, A system as claimed in claim 1, wherein said
heterogeneoys,mixtys; sEpRrising of alkyl esters, glycerol and alcohol is settled and separated by
density difference method, which comprises the following steps: a) said heterogeneous
mixture comprising of alkyl esters, glycerol and alcohol 5from the reactor tank (C2) flows into a first

settling and separatjoR fai{ oraidiLeaishade gl \aperizesd Ho®eg SaTpriang: flows to an alcohol
recovery phase thr%u%pez—itr%igt%ent stage, wherein a triacylglyceroitaiming feed stock is filtered at
5 least once and pre-heated in a pre-treatment (@R, said triacylglycerol-
containing feed stock is then mixed with an aldoh@ process tank (C1);
a reaction stage, wherein the pretreated triacgdgly-containing feed stock is
reacted with said alcohol in the presence of algsitin a reactor tank (C2), forming
a heterogeneous mixture comprising of alkyl estgigcerol and alcohol, said
10 reaction is assisted by microwave irradiation; and
a post-treatment stage, wherein said heterogensoxire comprising of alkyl
esters, glycerol and alcohol is settled and sépadirby density difference method
(C3), the separated alkyl esters is then purified biodiesel, the separated glycerol
is converted into hydrogen and the alcohol is veoed and recycled back into said
15 system
characterized in that
the post-treatment stage further comprising a miek@ assisted aqueous-phase
reactor for converting glycerol into hydrogen; dsaaqueous-phase reactor is

equipped with at least one microwave generator)(M1

20
2. A system as claimed in claim 1, wherein sai@-tpgatment stage optionally
comprises an esterification reaction phase toaedle free fatty acid content of said
triacylglycerol-containing feed stock to 0.5 % ess$.
25 3. A system as claimed in claim 1, wherein said trigiggerol-containing feed stock is

vegetable oil, animal fat or oil, used oil or fat waste oil or fat or combinations

thereof.

4. A system as claimed in claim 1, wherein said trigigzerol-containing feed stock is

30 filtered at least twice and preheated to a tempegatinging from 100°C to 120°C.



c) said remaining mixture separates into alkyl esters and glycerol, as said first tank (C3a) fills up, said
alkyl esters floats above said glycerol and flows 10through an overflow pipe into a second settling and
separation tank (C3b); and d) said alkyl esters continues to flow out from at least three consecutive
tanks (C3b, C3c, C3d) until said alkyl esters finally flows into a mixing tank (CS), while said glycerol
flows out from bottom of said tanks (C3a, C3h, C3c, C3d) into a glycerol collection tank (14). 15 16. A
system as claimed in claim 15, wherein said first settli®y and separation tank (C3M comprises a pipe
for said alcohol to flow to an alcohol recovery phase. 17. A system as claimed in claim 15, wherein

each of said setfing,and separiphHRRKS 205301 Gate AN SRMmISRS BN QYRHIRNPIBERBDA is

collection pipe, said ~ overflow pipe connects to the next settling and separation tank(s) and finally
into said mixing tanKi¥es) e 33l cnelaba e K@t BHUIEROR EERIHRA{eization, Im8eiat 3d)
connects to said glygeilreslgrtiondaplo(4ha2518.A system as claimed in claim ¢ wherein the
temperature for said settling and separation process ranges from 40 to 70C. 19.A system as claimed

in claim 15, whefeir st BHASTCSHEN SEPRrSim chris{eiBh > Whergssgh aloghob Mgt dfqtast
two sensors, each lggates below the opening of

7. A system as claimed in claim 1, wherein said precesmk (Cl) comprises two

spindles rotating in opposite direction.

10 8. A system as claimed in claim 1, wherein said trigiggerol-containing feed stock is

mixed with said alcohol at up to 15 000 rpm foleaist 5 minutes.

9. A system as claimed in claim 1, wherein said reactstage is a single step

transesterification process.

15
10.A system as claimed in claim 1, wherein said catak/sodium hydroxide, potassium
hydroxide, barium hydroxide or calcium carbonate.
11.A system as claimed in claim 1, wherein said reatdaak (C2) is a fluidized bed
20 reactor with at least one column (O1).
12.A system as claimed in claim 1 or claim 11, wheread reactor tank (C2) is a
fluidized bed reactor with at least one microwaeaeyator (M1).
25 13. A system as claimed in anyone of claims 1, 11 omdferein the medium used in said

fluidized bed reactor is silicon dioxide.

14.A system as claimed in claim 1, wherein said mi@esvirradiation is in the range of
0.91t0 2.5 GHz.
30



30said overflow pipe to ensure said glycerol does not flow through said overflow pipe 20 and above
said collection pipe to ensure said alkyl esters does not reach said collection pipe for said glycerol. A
system as claimed in claim 19, wherein said sensor is a conductivity sensor. 5 A system as claimed in
claim 15, wherein each of said settling and separation tanks (C3a, C3h, C3c, C3d) comprises a
photoelectric sensor, density meter or specific gravity instruments to flow out the glycerol from said
settling and separation tanks (C3a, C3b, C3c, C3d) ir® said glycerol collection tank (14). 10 22.A
system as claimed inwherein said alkyl esters is purified into biodiesel according to the following steps:

2) said alkyl estets fhay baarpeen AERRIAIRCLILG MoRiRl U sdnl RENG A RS Sohaisal Gt/

esters is mixed with a Synthetic magnesium silicate adsorbent using a mixing pump (H

10

15

20

25

30

16.

17.

alkyl” esters, glycerol and alcohol is settled amghasated by densny difference
method, which comprises the following steps:

a) said heterogeneous mixture comprising of alkyl restglycerol and alcohol
from the reactor tank (C2) flows into a first setjland separation tank (C3a);

b) said alcohol vaporizes into gas form and flows rioakcohol recovery phase
through a pipe;

c) said remaining mixture separates into alkyl estard glycerol, as said first
tank (C3a) fills up, said alkyl esters floats abmasd glycerol and flows
through an overflow pipe into a second settling ssplaration tank (C3b); and

d) said alkyl esters continues to flow out from atstetnree consecutive tanks
(C3b, C3c, C3d) until said alkyl esters finallyvil® into a mixing tank (C5),
while said glycerol flows out from bottom of saahks (C3a, C3b, C3c, C3d)

into a glycerol collection tank (T4).

A system as claimed in claim 15, wherein dast settling and separation tank

(C3a) comprises a pipe for said alcohol to flovamoalcohol recovery phase.

A system as claimed in claim 15, wherein eafchaid settling and separation tanks
(C3a, C3b, C3c, C3d) comprises an overflow pipd ancollection pipe, said

overflow pipe connects to the next settling anbsation tank(s) and finally into said

mixing tank (C5) and said collection pipe locatétha bottom of tanks (C3a, C3b, C3c,

C3d) connects to saglycerol collection tank (T4).

18.

19.

A system as claimed in claim 15, wherein temgerature for said settling and

separation process ranges from 40 to 70°C.

A system as claimed in claim 15, wherein sattling and separation tanks (C3a,
C3b, C3c, C3d) comprises at least two sensord) kEmated below the opening of

said overflow pipe to ensure said glycerol doessfloov through said overflow pipe



¢) said mixture is circulated into said mixing tank (CS) and intosng 2.S pump (HS) at least S times;

d) said mixture is then filtered (F3,F4,F5) at least three times to remove said 20synthetic magnesium
silicate adsorbent and metallic contaminants such as but not limited to sodium, potassium, barium and
calcium; and e) said purified alkyl esters is finally collected in a biodiesel collection tank (16). 23.A
system as claimed in claim 22, wherein said mixture is filtered with a filter 25cartridge (F3) of 5 to 10
micron. 24.A system as claimed in claim 22, wherein 2aid mixture is filtered with a biosorbent material
made of acid treated oil palm shell charcoal coated with chitosan (F4, F5). 3025.A system as claimed

in claim 1, wherein gaifl BYEIRVAYR)2ESIRIEFAPRUISPNARS IFE2E Y FSBBRAODHESMHIISESIHIS said
following steps: 21
collection pipe for said glycerol.

20. A system as claimed in claim 19, wherein saigsor is a conductivity sensor.

21. A system as claimed in claim 15, wherein eafckaid settling and separation tanks
(C3a, C3b, C3c, C3d) comprises a photoelectric@erdensity meter or specific
gravity instruments to flow out the glycerol frosaid settling and separation tanks
(C3a, C3Db, C3c, C3d) into said glycerol collectiank (T4).

10

22. A system as claimed in claim 1, wherein sdkylasters is purified into biodiesel

according to the following steps:
a) said alkyl esters that has been separated fronmegliyélows into a mixing tank
(CS);
15 b) said alkyl esters is mixed with a synthetic magmassilicate adsorbent using a
mixing pump (HS);
c) said mixture is circulated into said mixing tankS)Cand into said mixing 2S
pump (HS) at least S times;
d) said mixture is then filtered (F3,F4,F5) at ledsteé times to remove said
20 synthetic magnesium silicate adsorbent and metaditaminants such as but not
limited to sodium, potassium, barium and calciung a

e) said purified alkyl esters is finally collectedarbiodiesel collection tank (T6).

23. A system as claimed in claim 22, wherein saictture is filtered with a filter
25 cartridge (F3) of 5 to 10 micron.

24. A system as claimed in claim 22, wherein saigture is filtered with a biosorbent
material made of acid treated oil palm shell charcoated with chitosan (F4, F5).

30 25. A system as claimed in claim 1, wherein saictonvave assisted aqueous-phase

reactor technology comprises the following steps:



a) Mixing reactants comprising of glycerol and water and pm-heating said reactants by microwave
irradiation; b) Mixing a catalyst with said reactants in a reactor (C6b); c) Applying external pressure
into said reactor (C6b); 5d) Heating said reactor (C6b) by microwave radiation after said reaclor has
been pressured up to at least 1.25 bar; €) Maintaining the reaction at the highest pressure of 22 bar
and temperature of 2.00 to 250C for at least 30 minutes; .0 Allowing said reactor (C6b) and the
reacted solutiondown and settle for at 10least one hot; and g) Collecting the hydrogen gas produced.
26.A system as claimed in claim25, wherein said catalyst is copperchromit 1527.A system as claimed

in claim 25, wherein Sgifk fRARIQELRR %ﬁﬁ’éﬂéiﬁd'Hfﬁﬁ%Rﬁ%ﬁ&WHé PREABIRIG QLW bRt dRaSt One
column (01). .A system as claimed in claim 1 or 25, wherein the medium used’in said reactor is
Teflon bead. by microwave irradiation;
b) Mixing a catalyst with said reactants in a rea¢€6b);
c) Applying external pressure into said reactorl{};6
5 d) Heating said reactor (C6b) by microwave radiatfter said reactor has been
pressured up to at least 1.25 bar;
e) Maintaining the reaction at the highest pressti@? bar and temperature of 200
to 250°C for at least 30 minutes;
f) Allowing said reactor (C6b) and the reacted soluto cool down and settle for at
10 least one hour; and

g) Collecting the hydrogen gas produced.
26. A system as claimed in claim 25, wherein saiglyst is copperchromite.

15 27. A system as claimed in claim 25, wherein sa#ttor tank (C6b) is a fluidized bed

aqueous phase reactor with at least one colump (O1

28. A system as claimed in claim 1 or 25, wheteenmedium used in said reactor is

Teflon bead.
20
29. A system as claimed in claim 26, whereindhmum condition for said reaction is
with 1 to 5 wt% catalyst and at 200 to 225 °Cdbleast 10 minutes.
30. A system as claimed in claim 1, wherein salitbhol is recovered by distillation
25 process where the vaporized alcohol from theisgtthnd separation tank (C3a)

flows through a piping that is immersed in coldevaondenser.

31. A system as claimed in claim 1 or claim 3(yevein the condensed alcohol is
recycled back into said system.
30



20 .A system as claimed in claim 26, wherein the optimum condition for said reaction i with 1105 wt%
catalyst and at 200 to 225 "V for at least 10 minutes. 30. .A system as claimed in claim 1, wherein said
alcohol is recovered by distillation 25process where the vaporized alcohol from the sealing and
separation tank (C3a) flows through a piping that is immersed in cold water condenser. 31. A system
as claimed in claim 1 or claim 30, wherein the condensed alcohol is recycled back into said system.
22 32,A system according to anyone of the preceding@glaims, wherein said system is packaged in a
compact container for the alkyl esters and hydrogen production.

32. A system according to anyone of the precedilagms, wherein said system is

packaged in a compact container for the alkyl esters anddyein production.
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