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Abstract: A novel method as proposed in the producton of Calapfndlum ingpdipinme biodiesel has
b investgoted experimentally, This stedy reports the mesuls of biodiesel processing with
cloctromagnetic induction technology. The applied method is aimed to compare the resulls of
Cafmphiyflnon irophidlien blodiese] processing among, conventional, microwave and elodromagnetic
induction, The degumming, tronsesderificabon, and esterificotion process of te 3 methads are
mezsured by stopwatch 1o obtain time comiparison data, Characteristios of viscosity, density, and
fatty acid metil ester (FAME} ane obbmved from besting of o Gas Chroangfegrapdig-mass Spechomsiry
JLCMSE ab the Intégrabed Reseanch and Toating Laboratory, Ciadjoh Mada Linivenite, Yogyakarta,
The msults present that the bodieel produced by this et sabsfies the bodiese] standards and
their characterishics are better thon the biodiese]l produced by corvendional amid miccownve
methads. The electromagnetic induction method also offers & fast and easy roube 0 produce
bigudiems] with the advantage of increasing the seachon rabe dndd imprieding the separs ion prooss
cemmpared o odber mothods, This sdvanced technology bas the polential o dignificontly incnesse
bindiesel producton with considerable potential o reduce produchion Hme and costs.

Keywords: rerewiable enerpy; microwave; froe fatty acid; crude oil

1. Introdoction

Fry thee prasit beeo docades, theenergy eisis hasenoouraged the developmt of allermabve eneray
by secking rencwable energy nesourccs. Allernative energy sources such as bindiesel have beon
developed to reploce diesel or fuel oil. Generally, biodiesel i3 a liguid fuel procesed from differnt
saurces such as palm il [1-4], soybean odl [S<10], jatrapha [11-18], cobtonseed ol [19-25], soursop
sevxd ail §26], recyled l.'u-:'rking mils [27-30, animal faks [31-35] and atber pobmdiol triscylihoemed-
containing food =siocks |56]. Vegetable oil4 gne madnly mmp-m.ed_ of trigly cerides [4&%: and 2 small
proportion of diglyoerides |37]. Bigdiess] 18 & mishine of fotty odid alky] éaters obtained by treoting
triglycerdes with methanol or ethanol |38, 59,
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Une of the potential biodiesel plonts is Cofopfoplfom mophy o or Myamplung in Indomesia
language. The benefits of Calophyflunr sophydlie as bifuel ares havang a higher yicld than ather crops
ljotropha 40-60%, palm kernel 46-58%, and Calophndfom drophulon (AT4%) ond not having a
chance to compete with food interests [400. In addition, the productvity of Calopfiglfum innpliglium
senals of 20 bomadhatyear is higher than jairopha (5 onsfadvear), and palm {6 bomfhafeear) [41)
Cirlopdayfhuan iropldiiem has 2 very high oil of 75% with an unsaturated fatty acid content of about 7195
[42]. It is provessed or presaed in the kem of yellowish-greenish oil, similor to alive oil, which is
arcmatic and tasteless. B usoally produces Fooit bevice @ year aroand 100 kg in weight and with an
oil conbent of about 18 kg B3] Safoplutlen mophyliom oil hos a higher visoosity, but the capillary
ability is loweer than kercsene. Calopliwinm inopieiium oil yields ane forged or pressed bebaoen 40-
0% of fhe dry seed minas [$4], md the degumming prooess is 62 50-65.89'% [45]

Gienerally, biodiesel is processed by thermal or heating system. Biodicsel proocssing with
oomventional heating systems is the most widely cm‘p]uyn:d. method. The comventona] biodiesel
provesaes ang based on the use of high=poswer heating and magnetic stirdng, Biodiesel procesding is
initated with the promess of dry seed pressing inte Crude Caioplyfum Gil (OO, Through the
degumming process, Befimed Crede CofopbyTaon O8F (BOO0) s obbained, & followed by e
esterification process. The next ransesterification process is performed to produce Crade Bindiese!
and, finally, biodisse] is obdained through washing snd drying

D to the exdstence of several stages in the me:inp; af bindiesel causing high st of Biodiese]
produdtion, the implementation of the production process is operstiomally  inefficient, Such
inefficiencies are marked from a degumming, process whicly is heated ata bemperatu e of BWC fiowr 50
mrimubes, il the ssdiment oppedrs, and an estecibestion prooess lashirg for 1-2 hours ot tempecatiom
Wl C amd transesterificabion process lasting for 1 howr at temperature 300650 C. In [46] desoibes,
conventional biodiesel production is generally conducted ot high temperaturess with esternal heat
sources. The heat transfer is considered less effectve as 1t ooours a5 a conduction and convection
syater. In addition, conventional heating such a8 hotplste takes a long Hme and consumes high
power. However, although, [47] has moproved it by wsing a homogenizer sysiem for
trarsesderificotion reactions, the research has buen only able bo redhace the reaction Bme by 30 mirhes
{half of 60 minwtes ).

T acldress the challenge of high production cost, several efforts have been purssed o ophimice
the bicdiesel producton process, Microwasve echnology, has been selected a8 an olbemative method
with several advontages due @0 it quality isoe [$549], energy efficiency [31] and environmental
impact [51.52]. The other technologies are less likely to be conducted as they prodwce more heats
from the maberial and are not tronsfernsd from the oudside matedals as expected. The beating may
alsa be selechve, dn-'pu:nd:np; on the dielectric Prnpnniu af the material. Moreover, micoowave
technalagy is prefeened = it can propagate through the liguid by the moee efficient heating, process
om the production of biediese], corsaming @ shorter time 30, 53-55),

Regarding the processing biodies], o new method of electrmnmagnetic indudion heating is
propossd by the researcherd, Induction heating technology hos been widely applied o the
manufacture of inducton ookers and is able o |:|rm-'i.ni= faster heat than the microwave. The
inlwcti om fueater (IHis an allemating eleciricel cument from the power undt Aowing through a ooil
made of copper. This owrrent will cause an electromagnetic field of varying magnitwde This field will
peremie an electtic current on the inside metal material This eledric curment is knowmn as eddy
curremt which pemerobes heat bo melt the metal

1. Basie Principle

Induction heating i the prose=s of hesbng obpects that are electrcally carried out fnormally
mmtal) with electromagnetic inducbon, where eddy currents are producet in the metal ond the
rissigbnce leads to metal Joule heating,

The basic theory of electromagnetic-inducton, howeser, 19 similar o8 trandformer, Thie
transfarmer works due to the Fh:nnn'l.n:imn of c]r.-:l:rnmagu.'ﬁ.c irducton. when there s a current
Elovwing in o Closed drewit it will produce various electromagnete elds, As with tansformers,
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electromagmetic fields (in primary coils) which affect secondary vodls and scondary coils produoe
Induced radiation and AC current fow s {if the secondany coll 45 a dosed clrowdt). An induction heater
(IH} comasists of thoee primary elecnents of eleciompgnietic-indw chon, skii effect, and heat-ransber
| 542 F:E;um i IJISF']E:,‘E He Basic p;—]m—jp{u of inducbon hesting. contain |.I'L|.‘|1.H.'H.'I.'A:'-a'l.|:':||:|.11.ﬁ coils and
current and illustrates electromagnetic-inducion and skin-etects. Figure 1o} indbcates the simple
struchure of & transformer, where the secondany-current is in direct proporbom o the main current in
accordance with the turn-ratio,

When g hmnﬂ.gry-mu is pnaoe turned on short-crcuited, a major heat loss ocours to Inorease
thee sevardary cureert (losd-curremt], as shown in Figune 1 6b) The smourmt of current in the secondaory
ool {1z} is deterrined from the magnitude of the current on the primary ooil (i and from the ratio of
the windings between the primary and secondary coils (M1} In this figure, when the secondary
il is replaged with 1 wing {Mr=1} and is made into & dosed cintwt, o lage oehenent ratio valwe of the
primary and sccondary coils is obtained cusing a large secondary aarrent (1.

This provess will also be fllowed by asubstantiol dncrease in beot dwe o an ineresse inthe load
The concept of inducion heaters whene energy is supplied from the same sounce of a combined
ramber of primary ond secomdary losses is presented in Figune 142, In this figure, the primarny
inductive windings have many turns, while the sccondary windings are only one and are shiort=
circuited, In TH design, it takes the masimum heat energy geternted by the scondary windings,
where the gap of thie indwetive Feating ool is designed as small as possible 2nd secondary is made
with lisw-resistuner and high-permeshbility. Manferrous metals weaken energy efficiency duwe o their
high resistancoe and low permeabilibe.
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Figare 1, Bosie mductan: (a) equivalend-ciround of ransfonmer; (b} seoondary transformer of short
ammk; (o] coneept of mdwchion heabing

3,1 Elechrowog refn’ [nlickn

The output of 1H flows an altemating current (AC) to supply an electric codl (nduction-coil}. The
inducticn coll becomes o source of hiat inducing an electric current i a work-pieoe or b s metal
soechon b be heated. In addition, the inducbon coil & a heat source has no contact with the works
prieoe, and heat only ocowrs in the local ares, especially in the oore ingide tue ooil, This ccurs because
the preserce af AC in the induction ooil has an invisible electromagnetic force field {fox) around.
¥When the wark«pivee is placed inside the induction-coil, the foree lines coneentrate in the air gap
besbivenini e il dmd Ehe woorki-piece. The indudion-goil functions as the maojor bransformer with the
wirk-plede to b heated into a seaondary transformer. As a resul, the feece Beld in the induction coil
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causes the similar and opposite glectric curnemdt in the work-piece, Further, the work-piece heats up
due to the current flow resistance of the induced lectric current, The level of heating, of the work-
pieoe i atfected by the induction of curnent fregquency and current intensity, material specific beat,
material magnebc permeabrility, o8 well a8 by material resistonoe o ourrent flow

Based an Figure 1, when the SC current enbers the eail, the magnetic-field is bormed arounsd the
conil, avcording b Ampaere Law ad caloulated in the falloving equation {1

FHG == M ==
{1}
i) = pHA

This formula stades that- when the object is irserted i 2 magnetic feld, they will cause changes
i e velocity of magnetic motion

The density of fhe magnetic Beld docreades s the olject reaches Close b the comberofthe surface.
Faraloy s Law stakes that the electric current proshuced on the surface of a conductive object ha an
inverse rilationship with the corrent in an inductive-cinowit ps depicted in Equation (2.

a=f i
i ﬂ 17
dar it

Eguation (3) desaribes an electrical encrgy caused by induced ocurrents and eddy cumrents which
changed Into heat energy.

B
L i {3}

where,
£ = Resistance is debermined by resisbvity (O and permeatility (o of conduchve objects
i = Current is determined by the magnetic of field intensity.
E = Enducton solapg:
= FPower

1.2, Eddy Current

Induction heating arises when an electric current or eddy cement isinduced indo the work-piece
under conditions of poor electrical conductors. To produce tue induction heating to be efficient and
practical, the specific relationship between the Frdguency of an electromapneBd field that prodaced
arveddy-curnert, and the properties of o wiork-piede, mst be sabiahied, The bosis of ind aeton heating
is eddy currents which are produded outside the work-piece or commaonly called as “skin effect”
bating, The lesel ot mduction heating deperds on the high freguieney of the eloctric current, eleckrical
resistance, ind relabve mapnetic-pemeability of the work-piece

Eddy Current ig the induction of alternating electric current in o conductive material by an
alternating magnetc-field {as generated by alternating electdc-current) The induced current inside
the modified material canses a change In the value of the induced current through the material. The
eddy current principhe is basid o Faraday's law which stikes that when a comductor is cut out e
foree lines of the rnq;_;nn:dic feld or electromaotive foroe { ERF}, it will be induced into the conductor.
The amount aof EMF depends one {1} siod, strength, and mﬁg'ruti.{“ﬁ.t']d chemsity: (21 the Hp&tﬂﬂtﬁ‘iuh
the magmetic foroe limes dne cul; ond (3] guality of conduckors, Singe eddy curnent is an electric curnent
in the conductor, it will ako produwce magnetic feld. Lenz's law states that the magnetc field of the
induced current has a direction opposite o the cause of the induced curment, The magnede Geld of
eddy current is in opprsite direction o the magnetic field of the coil as demonstrated in Figure 2
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Figure 2. Direcion of magnetic field.
2.5 Dperatiey Frndiranental of are H

Acblock diagram of IH is shoswn in Figure 3.4 high-trequency AC voltage is genecsted from dhe
poweer module. Comyert B AC current ceming Frorm fhe pover sourde bo D uding o rectifier. Thep,
comuridt tais D current b & Righ-frequency switehing drasit b administer high-frsquendy cucrent
to the heating coil. This high frequency AC power is sent to the coil 10 cause flux, the size of the
geremied flux depends on the area of the induction ooil used. This is because the induction heater
utilizes losges thot ocour m the inducing coil, Accirding o Ampere's Law, & high-frequency magnebe
fiedd & ceeated around e heated coil- Eddy currents play a dominant role in the inducHon heating
proceds, the head pererabed in the materiol diepends o the size of the eddy cuwrrent induced by
inchusing windings, ¥When the coil is flowed by AC, it crepdes o magnetic Geld around the comductive
wire. The magnitude of the ficld changes according o the current flevaing in the ooll.

High
Prrayer Working
. frafquirdy
Reckifaer i
Source pwerter .1:|:| 1 e
| 1 s Y heat |
* rr

B M| B |‘.}-.|.- ) S | 8 _|

AC From the powts Gource High frequency &C High fraceasncy
magnet!c fed

Fignre ¥, Block diagram f m induction heater

3. Topology of TH

310 Power Syetom of {4

Currently, [H becomes o popular heating wchnsdogy wihich hos been devekiped in indusirial,
dormestic and medical opplications. having advantages such as efficiency factor, Fast-hestine. safety,
cloamliness and accurate dondrdl [57], Since the discovery of semicimducior bechnodogy, Ehe secomd
rnasger perviodurtiom of TH bischaoliogy is developed. The use of high-power semicond uckar devices and
high-frequendy power supply application has pertormed great progress, Among thempare silicon-
controlled rectifiers (SCR} and gate umeoff thyristor which have been widely utilized kyimplesiend
o feliable povwar converber, The expansion of high-Fegiency posser electronics for IH reguires the
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metal-oxide-semicomd uctor field-effecs (MOSFETS) and bipolarfunction-trarsistors (BT}, which
allow higher effidency power oon designs. Further progress in semiconductor technology is
achieved by the discovery of an Lkl gabe bipotar transistar (HGET) that can improve the
pecformance of IH design. IGBT has a low resistance and requines a very small posser supply with a
frequency of up ta 100 kHE howeser, a frequency of aroend 400 kHz is ditticult b adhieve, Om the
contrary, static iInduction thydstor (51T} has defects such 25 high conduction loss compared 1o BGET,
complicated fabrication proomses, high costs, and limibed application. Thenefone, switching o very
high frequendes can be achivved by utilizing MOSFETS

With megard b power sysbems, a new soft-swibched converter cireuit has been developed that
integrates the advantages of both conventional pulse width maodulation (PW} and resonance
canverters This soft-switched cotwerber hos o switching wavetorm that i3 identical o 0 conventional
W converter, eucept that the fdse and fall cd,_l;n: from the waveform, & ‘smoothed’ without a
bernparary aunge. [n contrast fo resomant comverbers, new soft-awitched comyeriors usoally apply a
comtrolled resonance, In this case, efficent encrgy conversion at high-frequency  switching is
absabubely necessary by manipulsting the solbge of curment when switching to zer. The comoept is
tor combine the resonant tank in the converter to create an cecillation voltage (genemily sinusaidal}
arsd far the current waveborm. As a resall, the zeravoltageewitching [ZVS) or gemecurrent-switching
(ZV5) conditions can be utilized for the power switch. The VS principle refers o the elimination of
the turn-n switdhing logs having the zero volbage of e switching circudt before the SGncuit is urmed
“om”. Un the contrary, ZV5 avaids bumn-off switching-loss by allowing no current fo pass through the
circuit right before turning it "off”. The voltage of durrent given ko e dwitching dronit con e made
zire by usirg ndapae as generded by the industance-capacibme (L-C) messonance cireuit; by which
this topology known as “resanant-converter”. Resonance & allowed to occur before and during the
twrm-om and bummeol prooes o produce ZV5 and 205 conditions, like the conventional PWhi
ccHverters.

3.2, Half-8ridge Resonimmce Inzerter

I termns of e fuamber of dedbihing devioes, the imerter opology is normally used in IH with
a single switch [58], full bridge cireuit [59), half bridge serdes resonant [60], and half bridge inverter
[#1]. In this paper, a power system with a half bridge resonance series of inverter cirauit has bocen
applicsh. In [60] explaining the odventages of half-bridge resonange series  invertens is stable
nr.il:u:l'l.ms. low-cast, and a stream ined-design. Figure 4 shows the power |:r|x~:ra1ir|.3 system with a
hilf-Bridpe-resonanmt inverter, corsisting of AL powwer supply, main electricol cirewit, control unit,
input-current detection-cireeit, a resonance-curnent detection ciuit, and a gobe dperation drouit. All
procedures are pequired to design and test the sysbem ps shoswn in the block dingram. The system for
IH, hiwever, does not nieed such large :a'pm:Hnrs o |_:|md1.|ﬂ~ D flatter, as the major H-.'na] of this
sysherry 5 fo generate heal enerpy . In contrast, & roagh 030 form belps inervase the sysiem's power
tactor.

AL poveer (220 S0H2) passes through the rectifier diode to be fransmiitted to the capacitar ()
The capacitor in the available power syabean i3 wnbortunately foo small inits G pacity o act in leveling
weork, which leads to the action of an incressed avrrent at 120 He, which is not the right level for DC
opeeratiomn, The system for TH, B ever, doses ot need longe copacibors o produce D6 flatber, becauise
the magor purpose of thie system is to generate heat energy. Inocontrast, a roagh DC form helps
incredse the dyshem's power Fockor. Based on this cirewit, be leveling capaditor funchicoms as a filker
that prevents high-freguency currents fromm Hlinwdng into the insvechir and Erom éndering the input
part. Lader, the ingrut current beotm s the average current of the invecber and octs sathe rippling flow
tr the Jeseling capacitor.
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4, Experimental Set-up

4.1, Tt of Cintogthadd Daree- Do P Ok

Codop il ivere-nmprtefion oil used inthis study was obtained from Kebumen, East Java Provinoe
[Inclonesia) This type of crude oil i3 an-inedible odl, which belonggd fo the Gubbberse family, usally
called as "Myamplung” oil i bndonesia, MNyamplung trees ssually grose alomg oomstal ania and in
adpcent lowlands forests, having no incubation in yielding, and seeds can be obtained throughout
the yoar. Figure 5 shows the coude ail of Cafogddlios moplidlvm, The characteristics of Calophylium
inophylum crude-oi] have been tested using Gas Chromatography-Mass Specrometry (GCME) 2t
the Integrated Research and Testing Laboratory, Cadjah Mada University, Y opyakarta.

Y

.

Al .:__‘-—

Figumre §, Colrphallum miophyllem crode ml,

Based oo this fest the canterts af palmdde, aleic, linedec, and steanc and acid were obtained From
the oil studied. This crode oil contains the content of saturated fatty adds including stearic acid
[13.12%) and palomitic (13.92%), In conbrast, high uwrdaturated fakey acids, representing 72965 maindy
cornststs of oledc acd (69.11%) and linclelc acid {355% )
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4.2, Hivgliesel Frovessmyg

A schematic process for producing biodiesel is llustabed in Figune & Firstly, biodiese]
procesEing skarks from the depumming prooss by ufilizing the 3 heating methods at 8090 b separabe
crude afl fram its gum. The hatplates (conventionaly micriowaves, and electromagnetic induction
heating ane vsid in processing scheme as 5 comparison, A degumining prosess earried ook wsing
plaosphoric acid (H3P0E) ps moch as 5% (wiv) of 40 ml Cafaphyflum-ioopbyTunr ail, then it was beated
ber BT, Thae duration af the degumming process depersls on the heatng methad until the color
changes to light brown. Table 1 shows a companson of the ime and degumming results of the throe
hieating methods,

Table 1. A cemparissn of the tiee and deguemming resulic of the three eabing methods,

Tl FEA %) FEA "]
Mathods _Temperatueg Pover
[} iAdink Wi Before A fier
Hutplabe k] 1= ] 2017 17
sdicronvave Fi 1z 12l 1452 1721
ElenrnrrnaEm-h: Imduction B0 el | 45 my 1703

Secomdlly, Cadoplind! o -inigd pTaon oil esterification reactions were carried out in the presence of
HZS0M 2 wi. %) at ternperaiunes G with using molar ratio of methanol-to- oil (201, by mole basis).
According do [30], the molar catio aad desage of catalvet become ane of the most i portont Beckors in
Eiodiesel |:|mduct|.-:r|. whieneas the humidity is one of the least imparian factors. Bricfly, the first
catalyst is dissolved in methano] and added 5 grams of Cadigfd e m-irephidlzm oilis put i a 100 mi
beaker. The mixture of methanol and catalyst H2504 was put inbo Erlenmeyer and shrred with a
it shcrer for 5 minutes. The beoker glass is filled with a misbure of methanol, ColorlyTom-
inopiglium pil, FE2SCH, and it is heated using 3 heating methods by kecping, the bemperature up to
AR, After esteritication, esting is carred out B detecmine e content of FFA, If the FFA is sfill high
or n abowe 24, the esterification process is repeated for 2 dmes unt] the FRA becomies precisehy Jow
(bt 2%} After that, methanol must be remosved and separated from oil product vsing a 100 mL
separstory unned for the purification stage. 'I'l'rE'].‘.i:rl‘:l:‘l:ulH im washed with lot distlbed water (= 809C)
bor pemose Hhee remaining acid in the product, continuing until the washing waber shows pH™—7.

Further, the transesterification process s performed g3 o0 chemical reachon inwolving
triglycerides and  aloobial Cin the presence of & catalyst to form esbers amd  glveerol T
transesterification process of Myamphing odl is abkained ot o methanol-fo-oil molar retio, &1 and
KOH of 2% catalyst with a temperature of §5°C. The time period of the transester fication. pracess
dependd an the heativg method wsed a5 seemn in the oil color changes ol dbe formed plyeeral, Fnally,
the glycerod which is formed must be separated from bindiesel to be washed and dried.
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Figure b Scheratic diagram of biodicsel procese.

A4 Iedwctior Heating Trradiation

In this study, an electromagnetic imbuction heabor has boen wdilized in procesaing Coligd e
inopEnine bindickel. The r:|:||.1i.'|:m1r:n|: spui:i:r'n:al:im have been detailed in Table 2. The schemabce
diagram of the experimental set wp s ills vabrated in Figure 7. The electromagnetic inducbon heat
radiation mduced by the metal mourded inside the cod is absedbed by the sample il which may lead
tcr the appearanoe of warming in the sample. Heating with induced magnetc Geld radistion is faster
ard i3 evenly distribubed along the metal mounted ingide the ooil, as it does ned transher st from
the partside. The durstan of induction green i metals affects the nse in iemperaturetheat af the metal
which afhects the passege of the trarsesteficotion reacticnm, The greaber the bemperabuee given, the
Eromsesterification reaction rumns Fosber ond resulis in biodiess] eomversion

Tablke & Equipmend specificatim

M

Specificslion
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1. D Vol e 3 Valks
2 Power Input AWl weats
3 Current Cutpod 1.2 Amps

4. Temperature  U-H¥NPC [adjustable)

Vibrabons in molecules induoed by induction heat radiation will produce an egqual heat on the
malecide, where the resultng induction heat penetrates and excites the mobecules evendy, not solely
in the surface. Induosd beabivg rodistion con spesd up the reaction by vibrating the nescbant moleon ke
quelckly. The longer the radiation time is given to the transesterification reaction, the heat generated
by the resctant melecule's vibrabom will be gresber wnbl resching its optimum skabe, The
transesterification time at 65°C has been comtrolled automatically by a microcontroler. Output data
such as femperature, current, poweer, amd wolkage ane displaysd o stored on oo laptop.

Temperahare
) D:::H * Sonsor Thermatouples
IS . EUrTE
piret, aed i Rage) / Cover
= o
rreetal
i a—
High: Frasguancy Cruda Ol
lapbop e X gl MICROCORArCERE " Irunrisr |
Alduing Uno {Zons Voligi
T Swhthing]
FeductEn
Volkage Coil
Smrynor
oc
Voltage

Figure 7. Schematic diagram of electromagnitic imedwciim rradiabion

Eulcly currents hove the most dominant rale in the induction of the heating process. The et
pererted on the materal depends ongthe number of eddy currents 25 induced by the inductor
wincking, When the winding is fed by alteroating cuerent, o maghetic Beld will ccour around the
conductor wire. The magnetic field vades according to the current flowing i the coil. According ke
[62], if there is comduetive maberin] around the changing magretic field, the comductive material will
Aow a curment called eddy corrent. The Eddy current principle is based on Faraday’s b which states
that wihen a conductor is cut out the foroe lines of the magnetic feld or electromotive foroe {EMF), it
will b= inducted into the conductior. The amount of EME |:I-r.'-|.1md.i- an {1} the size, strength, and
maprustic fiekd dersity; (2) on the spead ot which tbe magnetic fonoe lines ore cuk: (33 ord on the guality
of conductors

5. Result

5.1. Characlerishcs of ITH frrmdiotion

Ome pnethod . of heoting 40 allow  the neachom b fun fesker is performed o schieve a
transesterification reaction by osing the clecromagnetic induwction of heat radiadon.,. The
eleciromagnetic IH radiation as induced by the metel mounbed inside the ooil is sbaorbed by the
samiple, which may lead to the appearance of warming in the sample. Heating with irduced magnetic
Fieldd racliotion is Fasber and evenly distribubed alomg the metal mounted inside the eoil, cather thon
by transferring heat from the outside materials. The doration of induction given to metals affects the
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risa i bemperatu e beat of e metal which affects the passage of the transes terificotion reaction. The
greater the temperature given, the ansesterification reacbon nins faster resulting, in more biodicsel
COMtYETSIO.

Vibrations in molecules induced by TH mdiation will praduce an equal heat on the malecule,
where the resulting induction heat penetrates aod escites the molecules ewenly, mot solely in the
surface. Indweed heating mdiation can speed up the readtion by vibrating the readant malecule
qurickly, The lomger the rodiotion time is given bo the bansesterification reaction; the hest geerated
b the reactant molecule's vibrabon will be greater, resultng the transesterificabion reaction will
revch ks opdimuan skabe gtrany fime the tial, Eddy currents have the most dominant molein the
induction heating prooess. The hiak ﬂuﬂ&d im dhe maberial depergls on the amount of eddy curnent
s incluced by the inductor winding, When the windings are energized by albernoting current, a
magnetic field will aocur around the conductar wire. Magnetic flelds vary according to the curmend
flerwing in the coil,

'I'r.-:hni.m]l}'. Induction heaters have charactenstcs that are able to release heat ina re'lal:wc]:r'
shart time due b high energy density. By the indwction, it is possible to reach high termperatures.
Heating can be performed at s specific location where Bue gy stem can be made oowork aotomatically.
Induction heating, in general, has high energy efficiency, depending on the characteristics of the
heated mnberial a5 amy hesting logses can be minimized. According o [63], several factors determine
the number of eddy currents in the metal, 'n'h:]ud:lnl.l; {1} the mag_n:'ﬂc field :iru:h.u.-in[l; the metal; (2}
and the metal materials used b generabe heat (B smaller the resistanoe of the metal fype, the metal
iz beter as the object of heat); (3} the metal surface area {the more surface area of the metal, the moTe
ecldy currents will be on the metal surfacel; and (4) the groater e fregquency, the more the magnetic
ficld is genemited. In addition, there are several advantages of wsing indudtion heater, including heat
is penerated directly inside the barrel wall; beat con be applied uniformly acroes the barrel; aold
elemient Opc i is 'perﬁ:nrmed_. having unlimited time; faster starfup time; and more CTCTEY
ebficient.

5.2 Adevmetiges of Elechrniagnehc Indwctiom Medhads

The biodiesel production proces must be refined bo maximize material vale and minimize
codts Acvordivg o 6] if we con make Jow omt and high-odd-valoe oil availoble a8 resouroes, the
carat o Biocliede] production will be reduced sprificatly. Howseyer, these Jow oot oils cannot e
used fo produce bodicsel directly becanse they usually contain g large amount of FFA They have
bk undﬂ[;,n a preparatory 'Fu'ncdu:r: ter [epwer the acd walue to a specific walue. In addition, in
industrialization processes, it not only saves time and effort but is also low-cast [65, 66]. Thensdore,

energy potential and lack of efficient tochnolagies ane the problems with these fecdstocks tor the
wommerdinl production of biodiese] [67].

Figure B shows o comparison of the testing result in biodiese] manufaduring processes among
the conventional, microwave and electromagnetic induction. B is concuded that c]r.-:l:rnm.:g'mti:
incluctiom bechnology provides a great opporunidy in the future producion prooess. Companed to
other methods, the proposed new methed has a predsely short Bme at every stage of the produckion
pricess cuicth, &8 i dheparmring (3.2 min), eaberificaion {15.13 min}, and trafsestecificotion (043 min).
Creerall, the time requined for 'p.rn:ﬁsing biodiese] is hn1'|:|'|.:|:-|.=|:13limi.:1._|n.. microwave {112 min}, and
electromagmetic induction (21,93 min). Here, it oppeears that thene is 2 sipnificont tisne difference from
the use of the induction method compared 1o the other two heating metheds. With the achicvernent
of Baster time ad eoch sopge of bicdiess] processing has advanbages, such s reducing production cosds,
saving enetgy, and improving the quality of biodiesel. Another advantage is the oost of fabricating
electromagnetic indwetion is cheaper compared ke microwave and hotplate (i this shudy the st of
fabricating electromagnetic does not exceed 100 L1S)
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540 Aralpsis Free Ealty Acid (FFA)

5.3.1. Esterification Frocess

Esberitication is the prooes of neachng FEA o esters with shard-chain aloohols (methanol or
ethanol) ta praduce fatty ackd methyl ester {FAME) and water. The esterificotion process with an agid
catalyst is required If vegetable oll contains FEA at above 2%, B ol with a high FEA Tevel (= %) 48
directly transcsterified with a KOMH catalyst, te FRA will resict with the catalyst 40 focm sgap. The
formation of large amounts of scap can inhibit the seporabon of glveenol from ouethyl esters and
results in fhe fermatian of emulsons during the washing process. Esterification is employed 2 a
preliminary procedss fo convert FEA B methy] ester to reduce the levels of FEA i vegetalide ails and
i% later transesterificd with a base catalyst (to convert trglycerides o methyl esters).

Esberificabion is the comyversiom stapge from FEA boesbers, Esther reacts the fatty vils with alcohol.
To encau rage the reacHon bo Fm*ed._. the methanol reactant must be added in such excessive
armcamts usually geeater thon 10 times of the stodchiometric sbo) and the water produetfollowing
the reaction muwest b semioved feom the reaction phase, which is the ol phoase. The 20:1 {eethan fo
il p ko faticr Bebween oil and methanal is ublized in this study . Hest eatrent is carded ot at an
average tempertune of SFC with a perbod of ime depending on the charscterstics of the applicd
heating method. To masimize the biodiese] vield from ails with high FEA lesels, esterification mus
b F-erfn:-:rmn:d v reduce the level of FFAs pricr b transesteritication |68, &) Therefore, the
eeterification process 38 carried out bwige [A0] a8 the Grit esteditication prooems obtans FEA conbent
which is still high at above I, Table 3 presents the companson of FEA values from the esterification
ressults for the 3 fthree) heating method s waed.

Table i Coumparizon of Free Fatty Acid (FPA) values frem esteri fication resulie amaong the three
hasating methods with o molar ratie of 20111, and 2% w/w (of cal) HZ304

Temperature Esterfication I Esterifi on 11
Mlethud ) Tims FEA II) Time FFA L)
(Adin} %l {tdinp {tap
Hutplode alb F] Gl k1l 1.7
MkTmaave b =] e 15 143
Induction E'Iucl:mmas,m:'ﬁ: ik 12 Ak 613 1.6

532 Transsstenfication Process




Engrgh= 209, [2. 353 13 of 21

This stogee Beaormes the main stage in this study, where toplyeerides are the moin components
of il converted inta blodiese] and glvoerol. The product of pretreatment wis healed to 55°C in the
theree muethod s For franssteribcation with 6:1 M mabo of methanol and 2% whw fob oil) KOH i the
sarme setup. According ke 71| the optimal temperature in the transcsterification process with a KOH
catalyst is 653 Comparative data from the mesulks of the tronsesteritication of the theee Peating
methods are Hustrated in Table 4. Figure 9 and 10 show the transesterification prooess by using
elechomapnietic induetion, respechvely, The biodiese] producton vsirg electromagnetic induction
has a higher PAME valwe than in conventional and microsave.

Table 4. & emparissn of the transcaerilcatiin process of Myam plong oil with a molar ratioo o #28,
anad X e KOH

Tine FFA  FAME

Blethad Temperature () Min) - (%)
Huotplate ha 1 0.56 5.1
Macrione pve S Lo 04z 5a50
Incduchon Eleckromanctic ] 43 4 BS.SE

Flgmre 9. Thie esberdicaticn Prceieas L ing eatriemagnedic Budadtion.




Engrgh= 209, [2. 153 14 of 21

Figure 1. Fatty nod mtil ester (FAMET [a]. esterification (b)) biod |

54 Araliesis ||_I" [".lll'."_l.:h Llze

Based g theer messswrement resudts, the amount of poweer wtilized byoall heating methods is the
madtiplication of woltage and output corrent. Energy consumpbion is calculabed between the ime
(haer, bl multiplier and they power (Watt, Wh Based oo Table 5, it is apponent that energy with
|.'|-\.‘Ctl'|-l'|1_'|:\.1|'u.'llq.' ireduction methand i3 moee efficient compared b Haand in comvendional and microwwanee
method, that is, 47.20 Wh. The amount of enerpgy abtaned is basad on the mulbplication of the averall
bme in the degumming, esterification and transesterification steps by the amount of hoating
eguipment power,

Table 5. Comparison f cnesgy consumpion for Calbnpistem ey od (2000ml,

Encrgy consampiionithl  Total Energy

et Diegumming  Esterification.  Trarsosterification (Whi
Hetplabe 150 LY il 1. 146

L S LR 182 50 G54 FR
Electromagretic Indudtion 7.8 .7 .51 47.2%

5.5 Tr_-l'll.':;; if Vascodrhy wnil Deesrhy

The viscosity of bindiesel plays am important role in the fuel ingsdtion process. A predsely small
wisoosity couses [eaks in the el fipechion pump. Conversely, too Bigh vsoesty will produce large
draplets of fucl and will hawve high momentum and collide with the cylinder wall, but the mgection
purmg conngt bog properdy, Density is relokecd to the valwe of heat and 1o the energy produced by a
diese] engine. Low density will produce high alorific value and vice versa. Density is a parameter
marking i guecess of the ransesterification neachon, Fultillment of density parometers indicates
that the bicdiesel purificaben process is successful The lack of biodiesel due b impurdty can produce
high-density valwes. Table 6 illustrates the Nyamplung bicdiess] properbes companed with those: of
SNI, ASTH D675, ASTM PS 121, €1 Bindicsel, and EM 14214, The test results present that the
cvnired bigdiese] sisoosity 5 5,54 Cst mewtiong the regquirements of the Indanesann Matigoal
Standard {SMI)in the fuel injection process between 2.5 and &0 Cst
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Table b, Nyamplung biodwesel properties compared with those of SHNE ASTM D61, ASTM TS 121
Cl Bindiesel, pnd EN 14214,

ASTM Myamphing
. ASTM EM 1 ;
Properties w71 . _ Bipdiesel
PSiXl 1474 Biodicsel  SNI :
{U5A) w {This Study}
At vilue
; <05 15 15 034 .5 i1
img KO ) i
. 4 (k] -
Density 08709 L7IIA (iF-1d i [.HAZ
{2000 (iml) specific 0,/
Kinemintc
)
T LoG0 1960 3550  SAETE 2360 554

AL [mandfs)

A& GOMS Anofysis

The bindiesel compositon wes gquantified ising Gas Chromatogrphy - Mass Specteomader
detectar {CaCMS) testing at the Integrated MIFA Laborabtory, State University of Malang. Based on
the results of GC-MS testing that has been done, it can be idenbfied the compound components of

the Myamplung oil bisdiesel as shown in Table 7

Table . Mugor Cinnponents Based on GE-MS Analysis

Component Peak Tdentified Molecular Percentage
m ) dime ___Compounds _Formula .
I. g 3006 Lirlete acid methyl Cisiuth {16.78) +
7 350 ester CieHilk (177 =35.95

11 8 35384 Diledic acid ooithyl eaber itk 2R

1L 9 35,997 SO My Crlnin 18.62
ester

v 3 20563 Palmitic acic methyl CiHubh 17.12
ester

A ahown in Tatde 7, four fatty adds were clearly debeched i the oil exkrocted by GO from the
Myamplung oil. The mast magor companent was lroleic methy] ester 33.95% having a molecular
mass of 204 e, & peaks 6 and 7 oas shown it Figuoe 11 The perentapge of e sscond magor
component of oleic methyl cster s 2006% which has a molecular mas of 296 m/'z at peak 8 (Figure
12} Figures 13 anad 14 shiny shearie methyl ester with o mass of 298 mds and palmitic methy] esters
with a mass of 2970 mS are the third and fourth minst coamiponerits at 18.62% and 1712% mnpm:l:i\'u{].l.

Bl B 230840 Ly WILEYE LR
Sl Fanncls CIRHG 00 CAS L2450 Ml Taiske 20 Relidar ©
Ceopimme #1200 TADECAIENGH AL (£.E- ETHYL ESTER 38 METHYL (REL2ER P12 D TADEC ADENDATE # 14 82200 T4

il sl T
10 e e} ol 1} o 58
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Figure 11. Fragmontation of lnoledc acid methyl ester: (2] peak f {b) peak 7.
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Figare 14, Fropmenkation of palmitse acid methey] ester.

. [Mscossion

S wiys ko reduoe the cost of biodisel production are bk find optional. paramebers, incwding
reaction temperature, reactaom fime, smsount of calalyst to be added o the reaction, and e methansal-
te-0il ratien Frewiouws pisearchirs have experimended with base catalybc reactions, acd catalyvtic
rictioma, and ez matic fransssterifcation and hove Found thot o bate-catalybe reaction obbained
ther bimit ressal . Biodliesed can be produced under o lmwer temperotung with a bose catolyst, whereas s
transesterification Teaction with an acid catalyst requires higher femperatures and langer reaction
time [7273], On the edber humad, the use of lomger reoction Hres in biodiese] processing his an impaet
om production ook, Cenerally, the biodiesed production process is pecformed by o heating device
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sl as a hotplabe or heating coil. With the development of ligh eclmology, e microwave radiasion
method in biodiesel making becomes a smart choloe compared to. conventional systems. An
alternative heating syshem of “microwave irradiotion” hasd been opplied in transsterification
reactions in recent yoars. Micosvaves ane considered as L-{eﬂ.rnmntl;nuh: radiation that represenis
nom-iondzing ralistion influencing modeculsr moboms such a8 ion migrabon or dipole fobstion but
that docs not change the molecular struchure [74, 73]

Aconding to [H, the advantage of wing a microwave in the biodiesel process igpthot it
cfficiently accelerstes the transesberificabon process thraugh short reaction time. In addibion, a drastic
redhuction in the number of produets is obtained, b shar separation Bmeis obtained ond ahigh vield
of a wery pure produoct is achieved in a shorb-time [Pé]. Compared @ conventional systems,
Pmd:l.l.cti.nn ensts are also reduced and fewer |:|m|:EI|.||:I.l oocur, Therefore, microwave heating is morc
preferced comparid to conventional nwethoeds, where heating fime is very sl and & inefficient
bevause the transfer of energy b the sample depends on the convection current and the thermal
oomnadanctivity of the reacton mixture. However, a shorier I'I.E\IIJHE reaction has been achiesved rhmuEh
electromagmetic induction than in microwave technology,

Experimentally, a comparizon of 3 methods in the production process of Colopluillnm inogrlogflum
bicudicsel is attoched. In the tronsesterification proceds, electromagnetic indudtion rsquires only 0,43
minutes, compared o both in microwayve and conventional methods, lasting for 10 minutes.
Likewise, ot stages such as degumming and esterification, such os in Figure 8 present a significant
ome difference amanyg the three methisds. Some characteristics of the electromagnetic mduction
method show betber progress than Bue others, saech a8 e shorter Hme, mone enengy saving, mone
qualjﬁ.:\:l FAME, better siscosity, and hi.;_q,l'l.:'r vield. Thensfore, the findings of this method present
promising expectations for biodiesel production,

i Conclusions

An experimental investigation hos been earried oul o process Cafigliflion inoplyilie ol indo
baodicsel b:.- a new methad of electromagnetic induction. The most irmperrtant conclusions nbtaied
ore summirized a5 follows:

1. Bindiesel praduced from Calopfiglfum mopphyfum oil with electmomagnetic induction radiabion
generally meets ASTHM D675, C1 biodiesed, EN 14214, ond 5M1 standands; 5o it con be used asan
alternative for biodiese] processing,

2. Under optimal conditions, the enengy consumgprion of @lect romsagnetic indudion is more efficient
than the hotplate and microwave method. Compared to heating both hotplate and microwave,
the pecticon e is significanty reduoed.

3. Dawe to hawing faster reaction time in the transesterfication process, the FAME value obtained is
higzher than the hatplate and misrowaye, prtitnal condition for this experiment is the molar
ratio of setharnol bo il 1, 2% bk} of KO gatalysk s reaction bemperatone of 65 7L, the reaction
time of U143 minutes, and FAME of 65 00%..

4. Compared o micnewaves andd bodplate, electromagnetic inducton is achieved &t a shorber tinme
in all stages of dEﬂ,I.ID'LI'I.'I:I:rI.;l_'._. esterification, and trarscsterification. Overall, the Bme needed o
process biodigsel s hodplake (130 minwb=), microwave (112 minees} and eledromapelic
incluction (21,93 minutes), As o resull, the oserall energy used from the biodiesel production atage
is also more economical and efficient.
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