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UTILIZATICT OF TTSED CILS AND EATS
FOR FAME EICFUELS PRODTUCTION
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Summary. The wseach amed at the deternunation of the effectvenes s of transesterficabion ofused oils and
fats . The rasr materialsused for the experments wee: palm cil, rapeseed o1, sunflowrer cal and animal fat Pare
potassiam lodwoeside poa. was used as the catalyser and methanol was used for methanloysis. The process was
conducted in single avd taros tep stazes. The transesterificahonprocess was corducted intro stazes. Depending
on the rasr matenal after the first s tage of rarsestenficatonbeterean 62 and 21 % (vhr) cormmsion degme was
chtamed, 1e. tansfopnation of cils and fas pdo FAME. Application of the secomd stage of tarsestenfication
alloared f0 reach aconsidersb ke improvenert of the effirlency of the trarsestenfication process.

Key womnds: Bicdiese], travkestenfication, alkaline ard acid catalyeess

INTRODUOCTION

So far the main raw raterials for biofuels marnufactoring for auto-igrition engines have
been raw or refined plant oils. Plant oils are cormposed of about 955 of glyeerdes, which in han
are corposed of fatty acids. Oil contains also sterols, phospholipids, fiee fatty acids, water and
other irnprrities. Fuel properties of oil and biofiuels depend on the ratual proportions of theee fatty
acids in the structure, ie. oleate acid C© H, COOH, linoleic acid © H, COOH and linoleic acid
¢ H,CO0OH [Weislo 2009, Zang ef l,, 2003]. Hesearch has shown that the higher the content
of oleate acid in plant oils, the better the guality of the obtxined biofuels FAWE. [Jakdbiec 2006,
Wreislo 2004, 2007].

Physico-chernical properties of FANE (Fatty &eid Ilethod Esters) depend alan on the quality
of the raw material need, initial preparatory processes, e 2. refining, effectiveness of transestrifica-
tion process and thorough parification of the final product frore the remaining glycerine, soaps,
catalyser and alcohol [Jakdbiec ef @l , 2005, Plazza ef @l , 2001].

It is most iraportant that free fatty acid conterts (FFA&) should not exceed the walue of 0.55
- 3% wiv, because a higher amount necessitates the use of a bigger arnount of catalyser, thus wors-
ening FATVIE quality due fo higher arnount of glywerine fraction remaining in the esters. Also, the
guantity of water remaining in the oil should be limited so that it would not exceed S00me ke
[FH-EM 14214]. Too much water in esters may be the reason for soap forming during transestifi-
cation process leading to engive conosion [Bochefisla 2003]. Llao, leaving even a snall amount
of glyeerive fraction in esters would lead o an increase in particulaly dymarede viscosity, which
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in tom wonld worser the fuel liguidity and negatiee Iy affect the mjection process and sprayin the
engine [Atadashi of @f., 2010, Weisto 2009, 20097,

Currenfly, a greater attention hasbeen put to seeking cheap raw materials for biofue] produe-
tior. Used oils and fate ohtained as a post-fiying product in gastronorny are gaining growing popm-
larityy. The units particularly interested in the use of this type of raw raterials for fuel production
are small enterprises producing biofuels, mcluding agri-refineries. The factories of this type in the
fivst place produce biofuels for their own ve hicles equipped with auto-izrition engines.

AIMAND 3CCPE OF REREARCH

The research airmed at the determination of the effectreeress of transestrification of nsed oils
and fate. The raw materials used for the experiments were: paln oil rapeseed oil, sunflower oil
and anirnal fat. Pure potassiorn hedroxide pa. was wsed as the catalyser and methanol was nsed
for rethanloysis. The process was conducted n single and two step stages and the transesterifica-
ton process began at the fernperature of 310K, Biofuels were produced in a cubatire reactor type
GW-10, constructed by the author, propertsy of Ialopolskie Centre of Ferewable Energy Sources
~BioEnergy’”

The process of transestrification of oilz and fats ocenrs in three stages, where first tiglyeer
ides are transforrmed into di- and then to monoglyeenides leading fo the final glyeerol — tihodve
aleohol. At each stage of the transestrifica tion proce ss one mol of ester ard one rnol of alechol form.
Transestification relies on the reaction of tlacylglywerols (TAG) with aleohol, usually roethanol
[Florners ef o, 2001, Boocok ef qf, 1999, Transestrification process of a typical trizlyrerol for the
rapeseed oil has been preserted in Fizure 1.
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In reslt of one oil particle transestrification we obtain three ester parficles and one glyeerine
particle [Weigho 2009].

Dlethanol was used for the transestrification (rrethanolveis) of the rapeseed oil, whe reas po-
tassinr hydroxide was applied as the catalyeer. The transestrification was conducted in two stages.

The procedure coraprised first preparation of a methyl aleobol maixcture with the catalyser. The
rapeseed oil was heated to the termperatore of 330K and the mivhe of aleohol and catalyser was
added to it. The process in the reactor was being conducted for 30 minmtes. The catalyeer mixhue
was prepared by mixing methanol with potassimm hydroxide. &5 a result of the initial reaction
of methanol and catalyser a tramsitory complex is obtained - potassiurn alooholan (roethsnolang
CHOK.

’ In order to obtain a kigh degree of the oil corrersion into e thyl esters the process of meth-
anolysls was conducted at the 30% excess of methanol Howewer, at the fivst stage ondy 5% of
the alcohol mivhore with catalyser mass was added to the oil. Lfter the first stage the mivture was
subjected to decantation dwring which ester phase was s parated frora the glywerine phase. Subse-
guently the ester part was wsed for the second degree of estrification.

The process of rapeseed oil methanolysis wsing alkaline catalysers involved adding 4 mol
of methanol per 1 ol of oil (triglyeerols). The expected resnlt was obtaining 3 ol of fattyacid
methyl esters, 1mol of glycerine and 1mol of methanol. Such sitnation would be possible if 100
percent correersion of the oil into wethyd esters conld be achieved in the reaction. There were 0.13kg
of methavol and 2.5z catalyeer per 1kg of rapeseed oil.

Catalyee s were neutralized each titne after the transestrification was cornpleted. For instanee,
toe thid esters - BIVE Biodiesel, for which WaOH was nsed as the catalyser, was acidified with 1%
acetic acid CH,COOH. 20ml of CH,CO0OH per 100m] of Biodiese] was used. Soaps formed after
the application of potassium hydroxide may be successfully used as agricultural fertilizer.

The degree of the oil coreersion into esters (Biodiesel) was de terrnined in order to asses the
effectiveness of transestification by methanol conducte d in the presence of KXOH catalyser

The corwersion levels iz the degree of the reaction of the rapeseed oils (including all acids
present it the oil) in the methanol esters in adeguate. In order to deterrnine the corversion levels
it was necessary to appoint the Mlount of rmono-, di- 1 thacylglyeerides as well as the methanol
ester fattyacids of the rapeseed oil. All fests were carred out in accordance with all of the re quired
standards for plant fuels EW 14214 In accordance with the aforemertioned nomvs the contents of
the roethanol ester fatty acids should have the final results of no less than 96.5 ¥ (rofa); howewer
the contents of monoacilzlyeerides is waxiown 0.8 % (1afm); diacwzlyeerdes 0.2% (). It is
of utmost inportance that the contents of the mono-, di- 1 triasvelyeerides are as small az possible,
because the above-mentioned glycerides do not necessarlybum corpletelyyin a high compre ssion
Iznition engine fiel chawber, cansing the walls of the fuel chamber and the pistons to be covered
with a carbon deposit (hard cathon), which canses scratches on the stnooth swrface of the cylinders
and ¥ings, in tom wearing ont the engine ata faster rate.

L1 of the hand take n sarvples were in accordance with all of the proc edures that have been
cutlined b the norras in the EN IS0 3170, The conterts of the methanol esters” fatty acids in rape-
geed oil (FARE) are defined in accordance with EX 14103, The determined cortents of methanol
esters in rapesee d oils was in accordance with EW IS0 5508 using the internal forn Cheptadecanoic
acid methyl ester). The gas clromatography research was carried ot by the company THERIWO
Seientific, type GC Ultra. The integration of chrormatographer was estdblished to be such that the
peaks from the myristic acid methed ester (), ), were up to the peak of the lignoceric acid me thyl
ester (T, ) and nervonic acid rethyl ester (T, ). Based on the recerved marked irdbrrmation below
are the formulas of the contents of “C7 esters.



512 Grzegors Weisho

Ay—4
- [E‘ } EQ e CE.TKVEE K].":'D?fb\,
A m

where

Zh - the entire surface peaks of methyd esters from C 0 C,

& - smface peaks representing heptadecanoic acid methsd ester,

T, - wsed concentrated dilution of heptadecancic acid methsd ester; in milligraras per mil-
Liliter,

V., - volurne of the used dilubion of he ptade canoic acid methyl ester, in rilliliters,

tn - mass of the sample, in millizrams.

Esters were produced in the reactor designed and built by the author of this article. This ap-
pliarce, as the onlyone in Earope, is able to produce Biodiesel RIVE with a full glyeerin phase of
taro hours.

RESULTS AND DIRCTTAEION

The reslts of tests determining the effec e ress of nsed plant oils and arvirnal fat transesti-
fieation at ove and two stage process were cornpiled in Table 1. The molar wmtio of rethanol to
oil during transestrification was 4:1. The changing parameter was the amount of reaction catalyser
EOH, which was respectively 0.8, 1 and 1.4% of the oil or fat rass.

The experiments we e carried out for theee different tirnes. Ineach case, the transesterification
process was monitored with the utraost care down to the finest detail. The results ghven in table 1 are
the average quantities of the marked corrersion levels. The mairmwn difference that was ackieved
of the corrersion levels in each catalyzer did not exceed 29

Tzble 1. The effect of catalyser cn the degee of cils and fats convers 1on into FARME esters

Eind of raar mate- Amomt ¥ i) of Single- staze Tarc- staze
rial. catalyser in relation to oil. process [rocess

0.5 T a5
surfloarer ol 1 = 91
14 £ 26
05 =0 =1
rape cil 1 =l o3
1.4 = ]
& 7 0
palm oil 1 =1 ot}
14 T 25
& T 23
armmal fat 1 M 24
14 o g

Forbetter illustration of results pre sented inthe fable above, the ywarere also showr in Fizures
2and 3. Figure 2 presents the results of tests determining the effectreeness of transestification afier
the first staze of the process. It should be reraerbered that at the fivst stage ondy 235 (v of the re-
acion substrate s were used. Subsequertly glyve rine fraction was separated bymeans of decantation
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after methavnlysis and the remaining armonnt of esters was subjected o the transe strification paocess
for the second titne with the use of the remaindng 15% () arnount of the substrates. Determined
corrrersion degrees after the teo stages were presented graphically in Figure 3.
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Fiz. 2. Commrsion degiees chtaned after the fist stage of ransestificaton process
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Fig. 3. Corrversion degrees obtained after the second, final stage of transestnfication process
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CONCLUSIONE

*  Potassiorn horlroxide proved an efficient catalyeer for methanol, used oils and fat in the
trarsestrification process. Methanol was applied for methanolysis in a molar ratio to ol
4:1. The efficiency of transestrification after the first and second stages of the proce sz was
deterrnined using various amounts of KOH catalyser. It tumed out that the degree of used
oil and anirnal fat corsersion depends on the gquantity of applied catalyeer. The amount
of catalyser nsed was from 0.6 to 1.4 mim of oil or arimal fat.

= The transestification process was conducted in two stages. Depending on the raw mate-
rial after the fivst staze of transestrification between 69 and 219, (R corersion degree
was obfained, ie. tansformation of oils and fate vt fatty acid methsd esters (FANME).
The highest degree of transformation was achieved for rapeseed oil, whereas the lowest
for anirnal fat. It demonstrates that ower 17%% more of crude FAME binfie ] was obtained
fromn the rapeseed oil than in result of andral fat methanolysis.

= Ipplication of the second stage of transe strification allowed reaching a considerable im-
provernent of the efficiency of the transestrifica tion process. After the second, firal stage
the hughe st cormversion degree was obtained, 93%fs for the rapeseed oil, while the lowe-
est, like after the first stage, was obtained for avarmal fat - 799 (k).

= Itis noticeahle that the highest degree of transformation was achiesed nsing 1% mfm of
the catalyser in relation to the initial raw materiale. Decreasivg, even by 40% the cata-
Iymer’s arnount led to a slightly worse effectireness of the transestrification. This proves
the key role of the reactor in biofuel production. Properly constructed, it allows to use
a ronside rably srnaller armount of catalyser for transe strification of oils and ardral fat.

= 5 A0Y decrease in the catalyeer arnount produces a result opposite o the intended one
hecause in such situation conside rably less of FAWE esters were produced than at the
other applied amounts of the catalyser.

The research deraonstrated that in swall agricultural refinerie s it is possible to obtain satisfac-
tory amounts of biofuels from the post-fiing raw materials. Howeseer, the obtained esters do not
toeet the quality reuirernents as stated by the standard EX-14214 for plant biofuels, because of the
rodrdrorn allowed arount of esters in FAWE (96.5% miy). Therefore, to nprowve the efficiency
of biofuels production from used oils, this rawr material should be fivst adequately prepared, 1e. the
excess of water shonld be evaporated and free fatty acids nentralized. Technologies used by farrn-
ers in Poland usually do not allow obtaining an adequate arnount of biofuels of required gualits;
therefore greatly excesstve quantifies of methanol and catalyser are used. In such situations one
should remernber about the fuel nentralization, to the pH walue 7-2. Otherwise methanol contained
In esters, heing a strong base, would cause a corrosion of metal elerents of the injec ion apparatus
and destroy other elerents ineluding all types of saling, which ray finally imrachilize the engine.

Inforraation and promotional carnpaizn wonld be nece ssaty to irgrowve the awareness of the
principle of good cquality biofuels marnfactiring. Beter awareness conceming the principles of
biofue] produs o would contribute to the developrment of & market for biofuels produced in siall
refineries or agri-re fineries [Bozbas 2008, Fogulska ef f, 2006, Janaun ef @f, 20107,
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WY KORZY STANIE ZUZY TYCH OLEJOW [ TEUSZECZU
DO PRODUECI BIOPALIW TYPU FAME

Stresreende, Celem badan bydo claeslere slnecmod o trasestyiikacyi magyteh alejdw 1 this o, Jako
e dr uEvto mirheh olejder: palowrego (fiyhim), repakosrego, stomecmikowezo oraz thiszem arie-
repeego. Jako katadhizator mstosoarano wodorotlernek potosu. Do metanobi=y zastocsowano alkohol metyoary.
Proces proarad=ono jedno 1 dwnastoprioars, Wzalesnodei od mod=aps suoenca po plerarszyrn etapie proaradmaria
procen barsestvikach umskano od 62 do 21%: (v stoplen korwres)y, covll prmereagoar arta olejder 1 iszom
w FAME. Zastosoararne dmgiego etapu trarses hdfikac) pomrolhlo na snammg, popraere efekbprmoicl prowa-
dmerma procent tramsestyhloam.

Siowa khwerowe: biodiese]l, tars estervhkacia, katalimatory masadowe 1 boarasowre



