A System for Production of Alkyl Esters and Hydrogen 1. Technical Field of
the I nvention The present invention relates to a systemfor producing al kyl

esters kr\?Wr}Pﬁl%oE’is@di esel and hydrogen from veget abl e oiph%M@%bg@dO?%ats or
t . 2.

oils, as well as used or waste oils or fats or combi nations ereo
Background of the Invention Biodiesel is a clean burning alternative fuel,
produced from donestic, renewable resoyrces through a chem cal process
called transesterification. Biodiesel that neets international fuel
specification such as ASTMD6751 and ASTMVMD2880 or any ot her equival ent

standards contains no p&S}rﬂklﬁ%ﬂP%ciibn SPAIYEEGeRMMAH ydrogéeat € a
bi odi esel blend at any volunetric |level with petroleumdiesel. It can be

used with little or no nodifications in conpression-ignition (diesel)

engi nes, gas turlbifgc%n?cnggide(ﬁqhegﬂ‘@hﬂgn boilers. Biodiesel is sinple to
oxic, and e

use, bi odegr ada_bre, ~non- ssentially free of sulfur and
aromati cs. Considering the declining in oil reserves and increasing fuel

oil prices, the prospect of bi.odi esel as an ternative fuel is
virtual l'y bright. ﬁ?egmgségft‘BY‘?“F‘P'&5‘i‘?‘|‘t85nt°iassy§engﬂ prpditine aliol siers KADwiias ©
veget abl e oil's, badidd@land hf@bgenford vegetadle ciyirimal fags oild)@s woll a¢ used or m al ky!
esters. These al kyl esters are which can be used as "bi of uel s" or
"bi odi esel "5 A maste@ile opitsg genbisptensithezeofani mal ' s fats or oils or
conbi nations thereof with an alcohol in the presence of a catal yst causes
an ester interchange reaction to substantially change the vegetable oils,
animal 's fats oR2. dBdckgooundmfithemvemtion t her eof to fatty acids al cohol ester,
form ng glycerol and fatty acid soap as by products. Three chem cal steps
are involved in the transesterification of vegetable oils, animal's

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



fats or oils or conbinations thereof to al kyl esters. The first step is the
conversion of triacylglycerol to diacylglycerol, followed by the conversion
of di acyl gL $Ss] 09(1 02338 monoacyl gl ycerol and lastly, the COE&?}’mﬂBW&%O 6
nonoacyl gl ycerol to glycerol, each step yielding one al ester nolecule
from each nonoacyl gl ycerol The formation of fatty acid soap and water as
side reaction (step 4) is caused by unreacted catal yst. 1.

Triacy\glycerol (TAG + R 'OH <=> Di acyXgl ycerol (DAG +R COOR1l (nethanol)
catal yst (NaOH) (Methyl Ester) 2. Diacylglycerol (DAG + R'CH <->

Monoacyl gl ycer ol 4if ceaalﬁ WCRRofsRRYRBRAL) &R 2l iaty, (MACHokiRsgy | oFst er)
3. Monoacy\ gl ycer ol + R 10H <=> ycerol (GL) + R 1COOR ﬁmet hanol )

cat al yst (NaOH) (rrmtdawlglﬁf@tr@lrt)) ghycerl, eachopiep yigkitpg preadk esteppolecpst fram Aci d)
oY crer e Poarhetl WiBhoel ST R REABLGH oM il 408 SIPRALLAA side
transesterification proc % time o performand conplete
the process. At redoﬁbmestqp;t)éﬂmesemtbynmreamtedbakl@si several hours (between 1 to
5 hours) to conplete the transesterification reaction. If the process is
carried out in a larger scale, the reaction require r ther ener gy.
However, thesli rhtT”G‘FV'gt”Heé”fTéﬁbe’F atu?® risefor tlﬁ)é“cyg’f ﬁcé'g’QBAGanEo be up
to 65 C or bel ow the boiling poi tie®®p) t49@¥4(N8HbI used in t hé F@é

Anot her main issue that is highlighted here is the difficulty in convertl ng
used and waste oils into biodiesel, particularly waste oil. These oils
contain high levels of free fatty aci ds conposition

b
chain length up % oPeieferlPEket oiff ¥ need b@”ﬂ?célgyfeéé@@g ?ﬂg‘gé%&?r o

| ower their free fatty acids (methanol) catalyst (NaOH) Ester)
3. Monoacylglycerol(MAG) + R'OH < Glycerol(GL) + R'COOR
10 (methanol) catalyst(NaOH) (Methyl Ester)
4. R'COOH + NaOH IS 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.



limtation to less than 0.5% and require a higher tenperature and pressure
process. Furthernore, used and waste oils usually conprise of

wat er / moigbUh R dosent that will markedly reduce the Coﬁ%%\i*ﬁﬂw&ﬁﬁs% of
. te ol

these oils into esters. However, to convert used and was s I nto al kyl

esters are particularly desirable because of their | ow cost and

avai lability. OQher difficulty relating to transesterification process is
the handling of the transesterification products such as the separation of
al kyl esters fromglycerol, the purification of alkyl esters and the

managenment of t hgwweBanet@Hvat YIS ahd andieabitP b -alltyl dsterslagl partibelaily
recover the unreacted al cohol and to further synthesis the glycerol by

product into hydesitpble bgsaustofiffieir lov ¢pst andiavailabilgyequat i on: - C3Ht O + 3H20 <=>
IHL + 3C2 (G ycerol) + (Water) <=> (Hydroge ...-+ ... (CarbonD oxde) Thus,
while transesterification is a well-known reaction to convert vegetable
oil's, animal's fat@ther diffiduity oelatingrivi treansésterificather protess i e Ahrdlingeadithe s,

there remains a need i.p the field t rovide Syst roduci al kyl
esters that is é‘i"?‘ieétleﬂﬁ‘fat@ﬂé’{fﬁiﬂaf 8“‘3’51%0‘3% s%afa?’ng?Sﬁ(gh%sg{r% ﬂgg]dél géség(gld above
and produce § i t iheSpuptfictionBTaiky] 83Kre hdthe infainhdement GRS sepadated zlyhadl bnde
environmental |y sustainable. 3. Su ma of"he | ve"" OEG‘{fjtc ifé ﬁl pri Tf”%’ obj ect
of the present pleokolt Itdndesirable 4o reseves th uaresstedsplc to; typhegrsynings}
esters, particu t-hat : 18%dn hori | into an
al kyl ester pr oh‘ﬁe::étly(i??\ocl)% ig@%ilg%ihggg ?Ipﬁ%isghgr?gq%n ob%,%?t of the present
invention to provide a system for production of al kyl esters that is able
t o manage the byproduGo, of aHlg/l aster, gl ¥erot B¢fo anot her product,

hydr ogen. Anot her ©Biesmt +0f Wwhe) pr esent (Aydvgmt.i+Q Carteonligidgdr ovi de a system
for production

10 . e e .
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.



of al kyl esters, whereby the yield of biodiesel is increased and the
reaction time significantly reduced. These and ot her objects of the present

i nventi onyghedfoldsgved by, A system for production of abkyhrEsb&bedoand
hydr ogen, characterized in that said systemconprises: a pre-treatnent

stage, wherein a triacylglycerol-containing feed stock is filtered at |east
once and pre-heated in a pre-treatnent gank (Tl), said
triacyl gl ycerol -containing feed stock is then mxed with an alcohol in a
process tank (C); a reaction stage, wherein the pretreated

triacyl gl ycer ol - cqRéianil Behef S6ttsSd fAk&kpresent RREitRE avd dchiesed By, al cohol in the
presence of a catalyst in a reactor tank (C2), form ng a heterogeneous
m xture conprising of alkyl esters, glycerol and al cohol, said reaction is

assisted by m CrovguGsbin' BfbdklQidn Fily? cROSlan WS @LHGH thith@bifacd WhGEI N sai d
het er ogeneous m xturée conprising of alKyl esters; glycerol and al cohol is
settl ed and sepanidtsgstetbgompnssty di fference nmethod (C3), the separated

al kyl esters is then purified into biodiesel, the separated glycerol is
converted into hydrogen and the al cohol is recovered and recycled back into
sai d system The ajd lpyd-trefinentSsthge) Whedsin i atlicelgbicerahcorinining gfeed stookitis ed
according to the_systemoutlined above. 4. Brief Descri tionéf t he
Acconpanyi ng Dr dilfefegs 20denst onesand spigrheptsd 1y @ BiSrired tteph Gyt r

advantages W || ¢ho. HiReRNREflaiRing SbedSdtbidkyis Meen! Miked Ylidi dnalcollE5iard ftoteag in
conjunction wth the ‘acconpanying drawngs in which:Figure 1 is a flowhart
showi ng the ovettanki(Cpyocess involved in the systemfor production of alkyl
esters.

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),
10  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

15  separated glycerbl 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
20 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:



Figure 2 is a flowhart showi ng an enbodi nent of the pre-treatnent stage.
Figure 3 shows an enbodi nent of the system for production of al kyl esters.
Figure 4 her enbodi ment of the systemfor pro j kyl
esters. e?g(t}p@/@%ghom an enbodi ment of the m crowave agg?@’%g@oﬁoﬂl c?i zed
bed reactor tank. Figure 6 shows another enbodi nent of the m crowave

assi sted fluidized bed reactor tank. Fisgure 7 is a flowhart show ng the
overal | process involved during the posttreatnment stage. Figure 8 shows the
separation of alkyl esters and glycerol process in a settling system
Figure 9 shows tfhgralikyla RWcRES sWih%iﬂfeaé\jeiHIﬂ o6 Hfvoival on Hrfdysest for

bi odi esel . Figures 10(a)_ and 10(b) shows the schematic di agram of

m crowave- assi stRsefiuetion ofiaad eerd. aqueous refornming reactor technol ogy.
Figures 1l (a), 1l (b) and 1l (c) show the system for production of bi odiesel
in a conpact container.5. Detailed Description of the Invention The present
invention is di rkimred itoflewcheftishoviegan smbodimentof therpyereatingnt stfgeal kyl esters
and an effective systemfor conversion of al kyl ester production byproduct
into hydrogen. This system conprises a pre-treatnent stage, a reaction
stage and a postFifure3shtanSnibddinent 6f tesystem foa prbdacticnefhlkgbessrock ent eri ng
into the systemas 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-treaf Mo 3t 2gfwshnbhbAGYbIHMGR bPihe SN FoH PreliutGRFofHlIGT bstérs.
filtered at | east”  once and pre heated in a pre-treatnent tank (Tl).
Filtration helps to renove particulate while

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.



heating renoves water fromthe feed stock. Heating is done by using
el ectrical heating systemand the suitable tenperature ranges from 100 to

120 0OC. W@zﬁfd/(gﬁéékgl ycerol -containing feed stock is Veg‘étrﬁ\ﬂﬁ)oﬂbdﬁos@m mal

fat or oil, use or fat or waste oil or fat or conbinations thereof. It
is the focus of this invention to provide a systemthat can convert waste
oil, which have high levels of free fafty acids conposition and of |onger
carbon chain length with presence of water/noisture in it (e.g. waste
cooking oil) into alkyl esters known as biodiesel. In an enbodi nent of the

pre-treat nent stsaggctaﬁg,engycﬁ},h[,ﬁaf{mqhvmri ses dual filtering system (Fl
and F2), a heating systemw thin the pre-treatnment tank (Tl), an

esterification reaction phase (CR) and a free fatty acid (FFA) tester (TX
as shown in Figurepg r-g&?lt GReREdd isccﬁIécfg:ﬁ tb %Céfﬁggntpgﬁﬁﬁl for pRRucGaRbE Y

i ncluded into the pre treatment stage to treat feed'stock wth nore than
0.5 % FFA, redualkyhestérs dilfAncefficting syaberﬁ) for %ID’ﬁI'Sl(mS@f alkldv@tﬁe rprodugosy st em

wi thout the esterificatio eact se is.able to er ock
with nore than gy%md)‘cl‘—“l‘fl&o F%Jr%el?yjlrﬁ&‘fsé% CRUYPTISEL? REST ea YStaée be&ioH
transesteri fsi cakiagdandd PosthRaGiel Stagdm (ﬁﬂéretbllfah@latthd)feedl emk emeriphase can
totally be elimnated fromthe pre-treatnent, stage.Fro re-treatnent

stage, the pre- thesysten as well @y th WW@IPIWH?%PNI’H@CWE@HO %@ﬁﬁ%‘h {FaguEe 5
process tank ( Ol)sh@ﬂ§ kife 6Jerdllsmgfnxﬁgcé§§ tlvoRRd 3h @lﬂehéystemﬂiﬁ teepre-teh@dat | S

m xed with the al at aratio of 5:1 and the alcohol is preferably
met hanol and/ or smgélainmiacylgtyeeral-mmmg Seedr swackr ig filterddnjtdeast @neesndgpPist t r ogen

I
o 5 bar. The pr beutt & sl ek TEBERRGROR R M cRlaRRRMCuRle |0

ngas w process chanber

to provide goni héaa@gmenbbmmertﬁnnpmmmd stoble Hﬁaﬁhglised(fnecbmlsmlgramcmhahg air
t hat t t t hat | tard the t i i
pr gceggn -?—Ihgsmwaj@pa%r@g\éggglrgs@d?tge %Slltjab?e {e(ranp%;ature rgngcr %%%e%oe flﬁ(? Q{ZI e

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.



optim zed by using double spindles with opposite rotation, unlike
conventional method using single spindle for stirring purposes. The process
tank havipg gfuhBesspPi Ndl es rotating in opposite directipphnpd20bdEpsreed

| evel s creates a turbulent mcro m xing, making sure honbgeneous m xture of
feed stock and al cohol, which later results in a nore faster and hi gher
conversion rate. The pretreated triacyl,gl ycerol -containing feed stock is
reacted with said alcohol in a reactor tank (C2) by the introduction of a
catal yst. The reaction taking place is a single step transesterification

process whereby a hhfieGRBifent sidpb e ?%aiteﬁi tFigcydflycrdydon@imigy feed
gl ycerol and al cohol is fornmed. The catalyst used herein is chgse érom

sodi um hydr oxi detockentess p wrecessdil (@b, Whase iituih mired suthaen geohon they
carbonate. The rs?o%FtiQ Eni*e((\iza/'tllq% dﬁ@oh [ 208 YatfoYB1Es: K ARUId BcSHYE i preter ver
the preferred reactor 1s a Flaidi ze Bed reactor, nore preferably a

flui di zed bed r esathanol agdioppthdnali {The atlcdhohds porferably cinipgted cusiit aienge? . As

shown in Figures 5 and,  6,. the fluidi.ze d, react or I ses at
| east one cgﬁuum?,reWF @H’_"f'éedcﬂé’%fl& g tlfeot%%‘%ﬁ’[cgisﬁeaé? atn%? lregsf(l)lﬁetr (gif%n%tﬁse) g%([:lt al yst
in such that therhelppeysireatdaiicinganedged ghiwilligh thdrprocess whafibyr tb prévidd ali zed

using silicon dioxide nediumin the region to be s(ﬁé)é'ect to ni.crowave

i rradiation. M GHERESY SlanketdepEATed Hei MIFISE (FOBGSUTQURHRS #iF 1L SUtRT PPE.t i on
reaction accel enghasnbgui® ik Ahe Ydfsebrifibifioh Prdlesd. ITH ikidgepiessatiyr e and
pressure w thin the reactor. Wien mcrowave irradiation is applied to the
react i ﬁn, it cawptmized \biytustngalouble spindles witht eppesitet iotatiepyunbike gpaveadonahe est er
i nt erchange, reaction sufficientl.y. wdhir S t |.0 teL 7R in

m crowave i éadi"éﬁtl?o n‘,lS'%lsgllg%rr%qnidclﬁleéQ S%@ﬁ @g@secsgﬁ%qe IO?%sﬁ t\%\nmtaﬁavt[?ﬁ% )
conti nuously chapghlegplisabiating iieloppesitaatirtesh by hiphepenalesels cfémteschangi ng
electrical field that interacts with the nol ecul ar dipol etsfegyd charéged i on

cause these nol &¥bylgat Bicre GHEING.oMAKING SYEOMOBERCIHS BHXYTEO stock an

alcohol, which later results in a more faster and higher conversion rate.

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



heat is generated due to friction of this notion. The increase in reaction
rate is due to the elevated tenperature at local reaction site that is the

catal yti CWB%{“EZ%M crowave treatment brings a greater %qﬁ\ﬁ bobdobdey ©f
on [

t he susceptib ds and hence a nmuch nore efficient c em cal reaction.
The reaction is increased significantly conpared to normal
transesterification reaction. However, grradiation tinme nust be controlled
to avoi d overheating, which can cause reversal of the reaction. Radiation
power |evels must also not be too high, which may cause danage to the

organi ¢ nol ecul egeohdiNGligd SRS B coti h&f}sl RAMRIMEY MaphdtRdTiakdi getas@dby n t he
present reaction |Os |nl%ﬂre rangeco " . )mc n%Yi@ e The lrredlg)ﬁ% usedyl n the

m crowave assi strmdrOMaWSleilédcfbéﬂmg eQiQP@réﬂﬁl |f§1dpﬂ‘é¥ dntgrrts with jthe malsaylar ge.
Post-treat ment sf pr 5 ucb&‘rggcflowﬁus%‘%ﬁésl? h{dfect goxsf?)H?foailiva éﬁd‘H)tJtMBtaH@r

processing of th he transesterification reaction as shown in
Figure 7. The hdtean@ge:meks dma tot firictiorc of this wotign. dhe amd{s;dse esteeqzts)n gleyiser ol

and al cohol js settl par at ed ensi.t fer th sin
settling andg sepF et ﬁ Vétﬁ Pﬁ?é“reégig’cgéﬁ%ct'o%ﬁgﬁ{ qﬁlc ﬁ%f%%re g-
The suitabl e t ernaRfWaVE Grehtfifent Birfs B RERE actSBRtizy bf mmset&eptmasorﬂs aiithe
het erogeneous m xture flows fromthe reactor tank nto .a first

settling and sephgnest p onuehameore ctgient Tehemigak reaction. hif‘e frF%f\W@“ i5¢iBereded fir st

tank shoul d be %iﬁp fy 6& ah?l H‘lilij)ﬂnélhq{aﬁegt%nﬁéﬁﬁhmrea‘éﬁ&?r iH%evet 0 gas
formand flows t oug a pl romthe settling and separation tank to an

al cohol recover yirraligtoa (184 )musthbes cotadled dqpavvyh owerti¢ating] maichoernneausdd t o

recover the, al cohol t he_recovered I ack
(R2) into tAE Syerem] SN Mhston BaBGrTPTer e il Hsh hotdf BERKER, FitehTy
al kyl teséer S POShayPdaQscCdnttige 16 ¢ind 61 anit Gudedules SThs fiadueyicyi s thei micewaes s
anounts durin
J irradiation used in the present reaction is in the range of 0.9 to 2.5 GHz. The
medium used in the microwave assisted fluidized bed reactor is preferably

silicon dioxide.

15 Post-treatment stage includes the settling and separation and further
processing of the products of the transesterification reaction as shown in Figure
7. The heterogeneous mixture comprising of alkyl esters, glycerol and alcohol is
settled and separated by density difference method using 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



transesterification to ensure all, if not nost of the triacylglycerol are
converted into al kyl esters known as biodi esel. Therefore, by including

this al cqfgl, {Ogtg%gry stage into the system al cohol Waﬁ:"i‘ﬁfli’ foddlodobsieed be
angre [

pr event ed uce the cost of biodiesel production. D st ation is
carried out by inmmersing the piping where the vaporized al cohol flows in
cold water condenser to |iquefy the vagorized al cohol, which is then
collected in an al cohol collection tank and punped back into the system
The heterogeneous mixture is allowed to separate into al kyl esters and

glycerol. As thgeduié frle o8 dfl HidtlesBNstodRiliah AistiMation MK cdriidPdut g dimnsersing f i | |
up, the differing densities cause the alkyl esters to float above the

1< . Y
gl ycerol . The altheypipiagméiete the yeporized dlaefiel Aawsineeqld satepcordensst & Haueht ond
settling and se | t T i Sl : nd N three
consecutive set {ﬁfe:' \?]a blg%g ag%g‘gf’ ag?lf? %lnlsgﬁggicg ﬁ%&%{nsa&ﬁ%g(?!e%m%deﬁgﬁ?nd t he
final settling amipekirekdatto de systek. (C3d), the al kyl esters should contain
little or no traces of glycerol. The alkyl esters will then overflowinto a
m xi ng tank (C5) and enters the next stage - the alkyl esters purification
stage. Heaters ar eTh® heRrdgenedils thixtune iDaléwed af sépatatd dnto diiyikesstesoandat t he

tenperature of the m xture does not drop too |lo i\e.l C(i; ol | |
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M crowave irradiatio e used in"this process. Mcrowave irradiation
dramatical |y shesterelows tirosgt ari dvegflew dipsdptarasesand sefthing dndsepasatiasr tank hour s
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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



Is installed just bel ow the opening of the overflow pipe, which wll
trigger the valve to close when the glycerol layer touches the sensor.

Anot her s\g?égg,/doéggl aced above the collection pipe | Ocatp‘éﬁl/l\s*zoﬁyﬁ)o@é%t t om of

t he tanks C3c, C3d) where once it senses the a esters | ayer,
it will shut the valve cI ose. Since glycerol and alkyl esters have
different conductivity; therefore a copguctivity sensor is suitable for
this purpose. Each of said settling and separation tanks also conprise a
phot oel ectric sensor, density nmeter or specific gravity instrunents in

order to fl OW Olé%gafrélﬁmQMkE%C% 360Mmd, @dﬁﬁi&i%@&er@l%ﬂ&ﬂ@mﬁdmﬁﬁ anks (C3a,
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Is to all ow a pho ric sensor ow out the glycerol
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bi odi esel . The rgREImed! it eabeAEedadd fertilizeni n al kyl esters is trad| tionally
acconpl i shed by water - washi ng the al kyl esters. By using a synthetic

magnesi um si |l i cate adsorbent which is comrercially known as Magnesol, the
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alkyl esters. Magnesol has a high affinity for alcohol and water, so it will remove

the last bits from alkyl esters. Purification using Magnesol also increases the
oxidative stability of alkyl esters and it is also able to remove sulfur. Magnesium

15  silicate has a strong affinity for polar compounds, thereby actively 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



renmoved fromthe process through filtration. In detail as illustrated in
Fi ?ur;ahQ, the al kyl ke?t e; sWLhat has been separated fromglycerol is flowed
into e %b C5 ere Magnesol is introduced i . The
m xture of al E&OE%& ers and Magnesol is m xed together ?’Eg@%%ig?’ﬁ?@@% ng a
m xing punp (H5). The mixture is circulated into the mXxing tank (C5) and
into the punp (H5) at least 5 times to,;ensure that the Magnesol is mxing
well into the al kyl esters. This allows the Magnesol to work efficiently to
adsorb any of the remaining inpurities that is still wthin the alkyl
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and uniformly since glycerol is a very viscous liquid and partially miscible with
water. A well-blended mixture reduces the stickiness of the mixture 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 thermal 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 (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



water. A well-blended m xture reduces the stickiness of the m xture hence
decrease the tine taken to heat up the m xture during the process and to

ensure tr\@bzﬁh)%] Wt ure can be easily reacted chemcall ctrf%/[{rﬂﬁw&ﬁﬁs%l yst in

a faster e reactants are preheated to increase the reactor’s
efficiency and also mnimze thermal shock stress to conponents and
structure of the reactor. Preheating akjows the process to be done at | ower
pressure. After preheating, the neasured catalyst is mxed together with
the reactants inside a reactor (C6b), preferably a fluidized bed m crowave

reactor. The catrgdcish ishsidel 1 t®5 witdh atadfsOaRP& 200 t6 0PPYT (rrap [atel0 niinates eact i on
is started by applying external pressure to the inside of the react or by

injecting the rewth wicroways iswrigtens dagthggmore, H@%lt“?aﬁ@r;ﬁ grederably @ Qyidized g
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is required in the Feactyon since the reformng in the reaction is
endot herm c. Any:oﬁfwlratwg of ¢he aodumrkp)ig sihlar matthhmd@f tapl (G2 eordziningaad at i on
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irradiation. Therddigiask mnaz&:meuﬁedlngebaﬂ tlaanfbaéteﬂmepmfdnzlﬂy deflole
reaction is nmintai ned and held faor | east gggqh% in. order to ensure

the reaction is bexlsplies wactehslyin; 'ﬁ@"?%“'dttﬁé‘tﬁf‘ erAtileat oneOuE bt i mum
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for at least 10 mnutes with mcrowave irradi ation. Furthernore, the
reactor is pref @mbbwnaoﬁdnmm@m the: Hotrpsedichin the reacier dpesarat spHeOW dHEim as

shown T P Sb e k38 exsllife SRR LA RIBAASMEALIAN, Bhe PG OBt i S1 1 1o

as the reac con ni ng I’'ning the cat yst in
such the reactl aaxseeglwaolsuhalgatanﬂmhmmbmmm wateradipait wouldibs chinpletilyed. The
medi um used in the reactor E‘?S) prefera I Tef | on, beads. The r%acte hsoI ution

is allowed to siop thehetiopf thgdischarge tapk- B%Eeﬁuﬁ?peprﬂ ji§f gas would float on

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.



to decrease the pressure and tenperature inside the discharge tank. The
settling tine is inportant to ensure the hot product in the reactor does

not spil lweubhigiee2skhe hi gh pressure built up. The | ongepcithey®eéddobsg ti me,
the better because all the denser glycerol, catalyst and the unconpleted

wat er vapor woul d be conpletely on the bottom of the discharge tank. The
requi red product gas would float on thgstop and flow to the gas separator
when correspondi ng val ves are opened. Cooling of the discharge tank could
be accel erated by using force convection cooling. The hydrogen gas produced
is collected through a canister. The coll ected hydrogen gas is sent for gas

anal ysis to anal yze the conpositjon qof t oduct es collected fromthe
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Fl ui di zed Bed Aqueous Reform ng M crowave Reactor (FBARVR) for hydrogen

production. |n afeimgbodi ment of this invention, the whole systemis
packaged in a conpact container as depicted in Figures 1l (a), 1l(b) and
11 (c). Al kyl Esters produced according to the systemof this invention can

be used as biodiesel and it i | ean,. co i ns_noi sture bel ow 0. 05%

per cent age of fr%@“@’l“iﬂcé§1§§te'BZ‘Pr§)\KP‘S’.°§9“/6’ﬂé@‘¥PeSfe& al glycerol below 0.240 %
mass and each netallic inpurities not exceeding 5 ppm The biodi esel neets
with the spegification in accordance to ASTM D 6751 and ASTM D 2880. The

follow ng exanples are intended only to further i]lustrate the. invention
and are not i nt endBigured isianflqw diggragt ehewving the foasis pl/bAMNOME SYSiEMe I WRICRef i ned
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pretreated waste cooking oil (E2) is mixed with methanol (E1) at a ratio of 5:1.
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



nuner ous process tanks and processes are enbodied. In process tank (d),
pretreated waste cooking oil (E2) is mxed with methanol (El) at a ratio of

5: 1. Thi swiixion@gocess i s done with doubl e spindles that/nieiossesodeh
opposite direction at a speed of up to 15000 rpm The duration of this

process is at least 5 mnutes to make the m xture honogeneous for the next
stage of the system This process tank ;4Cl), as well as any other parts my
take any geonetry and may be equi pped with any devices, ranging from

el ectroni c device such as a sensor to nechani cal device such as a val ve.
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(E3) is adde or wt usage ast o nunber o ol umms
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(C2).

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



met hanol and glycerol is allowed to settle and separate, wherein the
settling and separation process is also assisted by m crowave irradiation.
The m xt ' separated to its respective conpone (P,
al kyl esﬁgﬁgbﬁﬁggﬁﬁnd gl ycerol (P3) for further process?gngﬁﬁ%Qam%g and
C6, respectively. The separated al kyl esters is purified, the separated
gl ycerol is converted into hydrogen angsthe al cohol is recovered and
recycled back into said systemas described in the earlier part of this
specification. An option to reach a better quality of the final product /
products is to r@umsCof( fe)reddist 4Ft povitiBnddo Bivoidinglg aGr Elekydnsiddiation of
met hanol and glycerol in (C3) back to the fluidized hed reactor ( é.
Figure 4 shows aMmocshs adnassemily spacanbigmisrft shomwstanealistnativg, prrangement %fl%_ t (E3)
i s added bef orehand. 1N S t hdo L on
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process may be done w or w any m xing elehent in this chanber
(d). The col unmsix(udd )An opefihgaabye muty beeeltbdito theopunaisi(Hd aH3! H3and&dd but

the mxture flowis flyidized in the colum. .The heati ' L2, 0 f
there is anys,[ h\g?[p‘g‘ytSﬂgatg%f‘?ﬂqﬁcﬁtbonp{‘r’l‘g%a@éré"%&evbcf ot ﬁgta > éﬁ%&g%?gﬁﬂ%gﬁef ore
C3.To optim ze thhkerPTRE ¥8le wiiydsot b onaedta diestetio i(S3), of the rcondittor(sRirg t he

m xture in C3 back into C. Exanple 2 - Fluidized Bed Reactor Figure 5
shows a det ai | eduitablg-di zed bed reactor (C2). The m xture of nethanol (El)
and waste cooking oil (E2) flows into n > 0 nunbers of colums (01) using
or without using n > 0 nunber of punps (H2). This m xture flows through
col ums (01) wi tHxa@pleVsi Palthgingefd Compast Biodidsel Peadesdoyst (E3). The whol e
process works with or without n > 0 nunbers of heating devices. However, at
| east one m crowave generator (M) is preferably installed to assist the
reaction. Thecolumms of the reactor are positioned accordingly after the
consi derati (1)61 of 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
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
other section, which requires cleanliness such as the pre-processing, processing
20 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
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



process and assenbly space. Figure 6 shows an alternative arrangenent of
the fluidized bed reactor (C2). Punps (H3 and H4) nay be used to transport
the m xt %6-20&%09%ﬁm ng val ve nmay be attached to the pu?ﬁ%ﬂ\ﬂ%ow osqF3 and
H4) for any suitable application / neasuring device, such as a pHneter or
a density neter. The valve may al so be connected directly to (C3), if the
conditions are suitable. Exanple 3 - Pagkagi ng of a Conpact Bi odi esel
Processor The systemw || be housed in a shipping container. It will be
nodi fied to accommodate all the required equi pnent and sections of the

bi odi esel processtirnot Tdak onempigutespl ige)easior 1(v)i dhbowh alvebasickplaeemicntsnaf: the he cab

( 11) where the control systens, anal.ytical equi pnent and the operator

woul d be; g_enerépwoﬁq&_'ﬁﬁwgg’éﬁ&"‘gﬁ%éﬁfﬂcefﬁ); met hanol storage section
(13); settling, senggif!papituptdmbBditenE oF el subjci(idveniion Bavef enl descebed, t anks
(15) section; and pre-processor and processor section (16). Figure l1(a)

) § { ; g
shows the basi c it ayibube gbvione teothess skidied dinethe| am hak yageus shanges @ady pe
seen in the { ay e al: i it iSE&bnORe The
oper at or cab§( %d"tl‘lcg{l{)rg%ﬁ gﬁga éctt %&Pgﬁ&%ﬁﬁgd%gg@e@gg% _lél%e reagon for
this is so that stdpe ofnlid ineerednr Hiis irtended tooodves, i Yhewippendedclaips,|dll sugh o ot her

section, which requires cl|eanliness such 1 he pre-processing, processing
and the washi ng "%Ogiéf#‘iaﬂ?ﬂ“ gt arg wif lgﬁéelﬁcg%e (?ﬁh'tswevfgnqns any | eakage or

mal functions in the systens, it can be contained in the particul ar section.
Cl eani ng of the processor also will be nuch easier because it can be done
section by section. The nethanol .storage conpartnent (13) is situated at
the second conpartnent fromthe rear so that if a rear inpact occurs when
the processor is being transported, the operator cab ( 11) and the electric
generator set and conpressor section (12)



wi |l absorb the inpact and hopefully | eave the nethanol unharmed. It is
also fire proof and totally separate fromthe other sections. This section
is also fywhl d away fromthe environnent so that i f a

| eakage, WhotaRales oy | om Lhe o e gures | 1(b) 325@%"?%@@%68\/\5 t he
basi ¢ placenents of the conmponents in the conpact biodi esel processor.
Whi |l e particul ar enbodi nents of the subject invention have been descri bed,
it will be obvious to those skilled in the art that various changes and
nodi fications to the subject invention can be nmade w thout departing from
the scope of the invention. It is intended to cover, in the appended
clainms, all such nodifications that are within the scope of this
invention.What is claimed is: 1. A system for production of alkyl esters
and hydrogen, characterized in that said system conprises: a pre-treatnent
stage, wherein ayhhidideMiBédserol -containing feed stock is filtered at |east
once and pre-heated 1n a pre-treatnent tank (Tl), said
triacyl gl ycerol -containing feed stock is then mxed with an alcohol in a
process tank (d)); [ i L&l r cod i
triacylglycerolJédﬁﬁgﬁﬁﬁﬁéé&%g%£§gggf“$§e?égé%ggy@?gﬁhg%%gggFggﬁ%fm?n t he
presence of a cat adaybdystem cdnipeiasst or tank (C2), form ng a heterogeneous

m xture conpYising of alkyl esters, glycerol and al cohol, said reaction IS
assisted by mcrowave irradiation; and a post-treatnent stage, wherein said
het er ogeneous i Xt yipee-GEUMAEAtSitiE, Aihepdik ) tRSYIBlySerobtataiing fant seekdbhol is
settled and separated by density difference nethod (C3), thedﬁﬁgara ed

al kyl esters is filtaeed plur¢ass egcq mnd predwnledeln, at H@"Ee(é%ﬁ“étté@‘ efdf is
converted into Ryt oane  ghdillfedt&CRNk i ThénSRAYE Wal aRtLohECHE fidcldack into

said system.
tank (C1);

10
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

15 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 glycerol is converted into hydrogen and the alcohol is recovered and

recycled back into said system.

2. A system as claimed in claim 1, wherein said pre-treatment stage optionally
comprises an esterification reaction phase to reduce the free fatty acid

20
content of said triacylglycerol-containing feed stock to 0.5 % or less.

3. A system as claimed in claim 1, wherein said triacylglycerol-containing feed
stock is vegetable oil, animal fat or oil, used oil or fat or waste oil or fat or

combinations thereof.



2. A systemas clainmed in claim1, wherein said pre-treatnent stage
optional Iy conprises an esterification reaction phase to reduce the free

fatty acHgOng\ ®360f said triacylglycerol-containing fggfil/ﬁ{,ﬁggm&og%o. 5 %

or |ess system as claimed in claim1, wherein sai

triacyl gl ycerol -containing feed stock is veget able oil, animal fat or oil,
used oil or fat or waste oil or fat or;gonbinations thereof.4. A system as
claimed in claiml1, wherein said triacylglycerol-containing feed stock is

filtered at | east twice and preheated to a tenperature rangi ng from 1000C

to 12Q0C. 5. A systemas clainmed in claim1, wherein said

triacyl glycerol-containing feed stock is mxed with an al cohol at a ratio

of 5:1 by using nitrogen pressure atom zation injector at a pressure of 8

to 9.5 bar. 6. A systemas clained in claim1 or claim5, wherein said

al cohol is nethanol and/or ethanol. 7. A systemas clained in claim1,

wher ei n sai d pr dcessyitemlas ¢i@inedciontaimde svhersin sk tuuamés‘ytrmlaamﬁgnmg\fes@)poa te

S aoyl ol ycor of - cobdk s e s bSt iy MefeapiBiarteDpbds rogine figm
15 000 rpm for at j@éstiod200iutes. 9. A systemas clainmed in claiml,

wherein said reaction stage is a single step transesterification process.
10. A systemas clained in claiml, wherein said catalyst is sodium

hydroxi de, pot a%s'}(#@}fﬁé(rg%.@ﬂa%d iRRIHHT, Dndfe@afitiriatyld &61%&%@&@&9 11.
A system as cl ai nclaim1, wherein said reactor tank (C2) is a

flui di zed bed reacstoek wrmmedawnth@aalcobnbatcmraumf(mpy ugipg DAF%%PE‘W‘H%

claimed in claim 1at8r§nz%t|165}1 lg}e%t]éi‘ atva\hﬁgs%u@ o%%'t99.r5%%f;.t or tank (C2) is

6. A system as claimed in claim 1 or claim 5, wherein said alcohol is methanol

10 and/or ethanol.

7. A system as claimed in claim 1, wherein said process tank (C1) comprises

two spindles rotating in opposite direction.

8. A system as claimed in claim 1, wherein said triacylglycerol-containing feed

stock is mixed with said alcohol at up to 15 000 rpm for at least 5 minutes.

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

transesterification process.

10. A system as claimed in claim 1, wherein said catalyst is sodium hydroxide,

potassium hydroxide, barium hydroxide or calcium carbonate.

11. A system as claimed in claim 1, wherein said reactor tank (C2) is a fluidized

20 bed reactor with at least one column (O1).

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).



a fluidized bed reactor with at |east one mcrowave generator (M).13. A
systemas clained in any one of clains 1, 1 1 or 12, wherein the nedium

used in Sﬁb%foljdd.bé%.kzed bed reactor is silicon dioxide. ey so¥sbdn3eds

claimed in claim wherein said mcrowave irradiation is 1n the range of
0.9 to 2.5 G#z. 15. A systemas clained in claim1, wherein said

het er ogeneous mi xture conprising of alkyl esters, glycerol and al cohol is
settled and separated by density difference nmethod, which conprises the
foll owi ng steps: a) said heterogeneous m xture conprising of alkyl esters,
glycerol and al cohol fromthe reactor tank (C2) flows into a first settling
and separation tank (C3a); b) said al cohol vaporizes into gas form and
flows to an al cofoA sysemasclaimerhineanyng ofslaimp i pll; orch2, sdeein Badnediuy

My} are separates it hAldWliphal e Rt LKA Shaas Sald FLrst tank (€32)

fills up, said al k‘fﬂ esters ove sal ycerol and flows through an
overfl ow pi pe i ni4oAaysenandlaisdd ihictagm dn evheeresaat mizrowaye lirrdi8ion;is irbie d) sai d
al kyl esters conti nues%ft o fl oiv &ut fromat |east three consecutive tanks
(C3b, C3c, C3d) un®nge YdYof«kGlZesters finally flows into a nixing tank
(C5), while said glycerol flows out frombottomof said tanks (C3a, C3b,
C3c, C3d) into a glycerol collection tank (T4). 16, A systemas clained in
clai m 15, wher eild- Aasyste astclajmed | inngfaighd . swbpspint saith helgeenees)MEYihr i ses a

e o S 018508, BhEO Pl P i ey vyt o
density difference method, which comprises the following steps:
a) said heterogeneous mixture comprising of alkyl esters, glycerol and alcohol
10 from the reactor tank (C2) flows into a first settling and separation tank
(C3a);
b) said alcohol vaporizes into gas form and flows to an alcohol recovery phase
through a pipe;
c) said remaining mixture separates into alkyl esters and glycerol, as said first
15 tank (C3a) fills up, said alkyl esters floats above said glycerol and flows
through 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 ailkyl esters finally flows into a mixing tank (C5),
while said glycerol flows out from bottom of said tanks (C3a, C3b, C3c,

20 C3d) into a glycerol collection tank (T4).

16. A system as claimed in claim 15, wherein said first settling and separation
tank (C3a) comprises a pipe for said alcohol to flow to an alcohol recovery

phase.

25  17. A system as claimed in claim 15, wherein each of said settling and separation
tanks (C3a, C3b, C3c, C3d) comprises an overflow pipe and a collection
pipe, said overflow pipe connects to the next settling and separation tank(s)

and finally into said mixing tank (C5) and said collection pipe located at the



tanks (C3a, C3b, C3c, C3d) conprises an overflow pipe and a collection
pi pe, said overflow pipe connects to the next settling and separation

t ank(s) i into said mxing tank (C5) and said 1 i pe
| ocat ed Z‘?etzhieorg@tﬂt%m of tanks (C3a, C3b, C3c, C3d) connggl?!sﬁffobwggjlaodﬁ

gl ycerol collection tank (T4). 18. A systemas clained in claim15, wherein
the tenperature for said settling and ggparation process ranges from40 to
70 0C. 19. A systemas clained in claim15, wherein said settling and
separation tanks (C3a, C3b, C3c, C3d) conprises at | east two sensors, each
| ocat ed bel ow t he ph&yA BYtaaks 8@l C3¥LCEd, WBdPichHknet@ t6R5idrgtycerl doliégriorr ol
does not flow through said overflow pi pe and above said collection pipe to
ensure said al kyl @8k€F. does not reach said collection pipe for said
glycerol. 20. A systemas clainmed in claim19, wherein said sensor is a
conductivity sensor. 21. A systemas claimed in claim15, wherein each of
sai d settling an@. Acystemtdsouiaimad s clpioBd ), EBireinBe ten@@rifure derpyaids eaitliag
phot oel ectric sensor, density neter or. s | fiogravity instruments to flow
out the glycerol f?'@rﬁeg%f?tbms%ﬁeﬁ 1988 r%’“gg(gg’r’}é)t icgn tanks (C3a, C3b, C3c,
C3d) into sad glycerol collection tank (T4). 22. A systemas clainmed in
claim1, wherein said alkyl esters is purified into biodiesel according to
the fol | owi ng stl@pA:sysigmagiclpimed.ip claimy b} svherely Saﬁgéet%'@gﬁ“ é?P&Faé‘f’Ega om
glycerol flows int@sg @3Kicdg, ERl)combrses aPleasidivel sélskk! eAR IRaRdIbEIOW thed Wi th
a synthetic magnesi um sil’i cate adsorbent using a m xing punp (H5);

opening of said overflow pipe to ensure said glycerol does not flow through

said overflow pipe and above said collection pipe to ensure said alkyl esters

does not reach said collection pipe for said glycerol.

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

sensor.

21. A system as claimed in claim 15, wherein each of said settling and separation
tanks (C3a, C3b, C3c, C3d) comprises a photoelectric sensor, density meter
or specific gravity instruments to flow out the glycerol from said settling and

15 separation tanks (C3a, C3b, C3c, C3d) into said glycerol collection tank
(T4).

22. A system as claimed in claim 1, wherein said alkyl esters is purified into
biodiesel according to the following steps:
20 a) said alkyl esters that has been separated from glycerol flows into a mixing
tank (C5);
b) said alkyl esters is mixed with a synthetic magnesium silicate adsorbent
using a mixing pump (H5);
¢) said mixture is circulated into said mixing tank (C5) and into said mixing
25 pump (HS)'at least 5 times;
d) said mixture is then filtered (F3,F4,F5) at least three times to remove said

synthetic magnesium silicate adsorbent and metallic contaminants such as



c) said mxture is circulated into said mxing tank (C5) and into said

m xi ng punp (H5) at least 5 tines; d) said mxture is then filtered
(F3’F4’F5%0§§uhﬁ%§ three tines to remove said synthetige Sobghsi |1 cate
adsorbent and netallic contam nants such asbut not Iimted to sodium

pot assium barium and calcium and e) said purified alkyl esters is finally
collected in a biodiesel collection tagk (T6). 23. A systemas clained in
claim 22, wherein said mxture is filtered with a filter cartridge (F3) of
5to 10 mcron. 24. A systemas clained in claim22, wherein said mxture

is filtered with aphifspmienio soBLRY pethssit Bamim afd ehidinmpdrd oi | pal m shel |
charcoal coated with chitosan (F4 systemas clained in claim1l,

, F5). 25. A
wherein said gl ydesad pusfiedahugl ¢stags ﬁmzﬁ@allmwsg iy biodigsel epligciionaegk st ed
aqueous- phase reacgﬂﬁ technol ogy. 26. A systemas clainmed in claim1l or
claim 24, wherein sard mcrowave assi sted aqueous-phase reactor technol ogy
conprises the fd3l Aviystgmsis elanedah chMim 2Bgwhereio said muxtocenip filtsied gvithfa fifteycer ol
and water and pre-h%&Iingxéa%g reactants by mcrowave irradiation; b)
M xing a catal yst SFFHegHi3o g’ﬁglﬂfcéoq‘n a reactor (C6b); c) Applying
external pressure into said reactor (C6b); d) Heating said reactor (C6b) by

m crowave radi ation after said reactor has been pressured tqQ at | east
1.25 bar; €) Maid% ot aysten enslapagdcin %)‘ﬁ‘“h?z’t‘f‘i@erﬁf‘ggﬁ@s‘{mxﬁ‘fr@é%g‘ﬁ)téregfw‘%abar and

temperature of 200p,Gfen? n‘pclgrifapﬁllaé’é of &8 reat & PAtnEhell Charbdal l@&ﬂt&gwﬁﬂi d

reactor (C6b) and the reacted solution to cool down and settle
chitosan (F4, F5).

25. A system as claimed in claim 1, wherein said glycerol is converted into
hydrogen by a microwave assisted aqueous-phase reactor technology.

10

26. A system as claimed in claim 1 or claim 24, wherein said microwave assisted
aqueous-phase reactor technology comprises the following steps:
a) Mixing reactants comprising of glycerol and water and pre-heating said
reactants by microwave irradiation;
b) Mixing a catalyst with said reactants in a reactor (C6b);
15 c¢) Applying external pressure into said reactor (C6b);
d) Heating said reactor (C6b) by microwave radiation after said reactor has
been pressured up to at least 1.25 bar;
e) Maintaining the reaction at the highest pressure of 22 bar and temperature of
200 to 250 °C for at least 30 minutes; '
f) Allowing said reactor (C6b) and the reacted solution to cool down and settle
20 for at least one hour; and

g) Collecting the hydrogen gas produced.
27. A system as claimed in claim 26, wherein said catalyst is copperchromite.

28. A system as claimed in claim 26, wherein said reactor tank (C6b) is a

fluidized bed aqueous phase reactor with at least one column (O1).



for at |east one hour; and g) Collecting the hydrogen gas produced. 27. A
systemas clained in claim26, wherein said catalyst is copperchromte. 28.
A system i in claim26, wherein said reactor t i

fluidi zedﬁgezgiozdé)g%gus phase reactor with at |east one c%%/rlr‘&n%g%dogsga A
systemas clained in claim26, wherein said aqueous phase reactor is

equi pped with at | east one m crowave ggmerator (M). 30. A system as
claimed in any one of clainms 26, 28 or 29 wherein the nediumused in said
reactor is Teflon bead. 31. A systemas clained in claim26, wherein the
optimum condition for said reaction is with 1 to 5 wt% catal yst and at 200
to 225C for at |east 10 m nutes. 32. Hydrogen produced according to the
system as cl ai medf- Ansysieyn anelaisedcinaelpgm 26, whergm, saih aqueous, 8hasg, redetQl| ij ned i n
claiml1, wherein sai J iShifhi] ati on process where

t he vaporized al coﬁ%“ﬁp@?gﬁn&%ﬁg@g&t@ﬁﬁﬁg&g&a&é%g I%/I!ljdn tank (C3a) flows

t hrough a pi pi nB& Aadystem dstaimedth any one lofl clatine26, 28 red @R ydiereiBthe mediymt em as
claimed in claim1 or,.cl aim 33,. \Lih rejn the condensed al cohol is recycled
back into said sys'(‘sﬁfjn‘“fsa:‘:‘?reﬂagg/@t ﬁ?‘b%%a& ding to any one of the preceding
clainms, whergin said systemis packaged in a conpact contai.ner for the

al kyl esters and hydrogen production, 36. Al kyl esters prq(%guced accgrdi ng
to the system aslePaiysEm asrclaimpd dm&lagn 26, wherelt thej opfmumyeopdition for sai

reaction is with 1 to 5 wt% catalyst and at 200 to 225°C for at least 10

minutes.

32. Hydrogen produced according to the system as claimed in any one of claims

26 to 31.
10
33. A system as claimed in claim 1, wherein said alcohol is recovered by
distillation process where . the vaporized alcohol from the settling and
separation tank (C3a) flows through a piping that is immersed in cold water
condenser.
34. A system as claimed in claim 1 or claim 33, wherein the condensed alcohol
15 is recycled back into said system.

35. A system according to any one of the preceding claims, wherein said system
is packaged in a compact container for the alkyl esters and hydrogen

production.

36. Alkyl esters produced according to the system as claimed in any one of the

preceding claims.



