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ABSTRACT

The activity of several materials as heterogeneous catalysts for biodiesel
production by sunflower oil transesterification reaction at low temperature
was studied. Zeolites, natural materials as volcanic ashes, oxides as La,0,
and hydrotalcite were evaluated as catalyst. These potentially catalytic
materials were subjected to different chemical treatments with the aim to
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increase their catalytic activity. Transesterification reactions were carried
outinaslurry reactor at 60°C, 12:1 methanol/oil molar ratio, 6 wt% catalyst

amount and 4 h reaction time.

INTRODUCTION

Currently, foss| fuesareused indiesdl enginesand
they areessential inindustrialized nation’s economy.
However, petroleum-based diesel fuel sincrease envi-
ronmentd pollution. In order to solvethis problem, the
useof fatty acid methyl esters(FAMES) derived from
vegetable oilsand animal fatsasdiesd fuel extenders
(biodiesdl) hasreceived cons derable attention because
of itsmany environmenta benefitg.

Transesterification reactionisthe processby which
the glycerides molecules present in fats or oilsreact
with an acohol in the presence of acatalyst to form
estersand glycerol?3. Biodiesdl (FAMES) isusually
produced by reacting methanol and vegetableoil ina
batch stirred tank reactor using aliquid akaline cata-
lyst. The catalyst cannot be recovered from the reac-
tion productsand it must be neutralized and disposed
asawastewater stream from biodiesd product wash-
ing. A heterogeneoudy-catalyzed processinstead of a
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homogeneous catal yzed process offers a number of
advantagesover conventiond current technology, smpli-
fying and economizing the catalyst removal from
biodiesdl product step“®. The devel opment and use of
effective heterogeneous catal yst can significantly sm-
plify thedownstream purification processby removing
the neutrdi zation and washing steps®.

Various heterogeneous catdystshave been designed
for transesterification reaction®. However, most of the
tested catal ystsrequirelong reaction timewhile some
of them need high reaction temperature conditions.
Therefore, it isimportant to continue searching an ef-
fectivetransesterificationreaction catdyst for biodiesd
production under moderate reaction conditions, espe-
cidly at low temperature.

Inthispaper, different materia swith potentia cata-
lyst activity for transesterification reaction werestudied
using them asheterogeneous catdystsin vegetableoils
transesterification reaction to produce biodiesd at low
temperatures.
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Catalyst preparation

Severa materialswere proven as heterogeneous
catalyststo carry out the transesterification reaction:
(a) Zeolite X (microspheres, 400-800 um); (b) Zeo-
liteY (Akzo Nobel) ; (c) natura vol canic ashes (par-
ticles, 1.40-1.80 mm) from volcanic zone soil in
Tenerife (Canary Islands); (d) La,O, supplied by
Panreac; (€) Hydrotalcite[Mg Al (OH) ] (CO,).4H,0
supplied by Aldrich. In order toincreasetheir cata-
Iytic activity, the potentially catalytic materialswere
subjected to different treatmentsrelated to their indi-
vidual natureand structure.

In order toincreasethebasic sites, the zeolitic ma-
terias(Zeolite X and ZeoliteY)) wereionic exchanged
with aK OH agueous solution. Thesemodified materi-
aswerenamed K-ZX and K-ZY respectively). Previ-
ously, zeoliteswere dried in an oven at 120°C for 2
hours to remove the absorbed water on the surface.
lonic exchangewascarried out with 0.5M KOH ague-
oussolutionfor 24 hours. After ionic exchange, solids
wereonly dried at 120°C for 3 hours. Xie et al.[¥ have
used asmilar trestment to preparemodified NaX zeo-
litewith different KOH loadings. Inorder to generate
acid sitesin zeolitic material s studied, Zeolite X and
ZeoliteY wereexchanged with 1M HCI agueous solu-
tion (H-ZX and H-ZY respectively) for 5 hours. After
acid treatment, sampleswerewashed with deionised
water until neutraity. Findly, thesamplesweredriedin
anovenat 120° C for 5 hours.

Natural materials asvol canic ashes have demon-
strated to be good catalysts or catalyst supports for
different kindsof reactiong’®*3, Black vol canic ashes
(VA) particlesintherange 1.40-1.80 mmwere evalu-
ated ascatayst for sunflower oil transesterification re-
action. Natural vol canic ashes modification was car-
ried out by TiO,impregnation using a hydrothermal
method. TiO, (5 g) and natural black volcanic ashes
(25 g) were added to aNaOH agueous solution (1.0
M). Theresulting suspension was heated at 140°C for
22 hoursin ateflon contai ner which wasbacked up by
adainlesssted pressurized vessd. After hydrothermal
trestment, theimpregnated vol canic ash particles(TVA)
werewashed withaHCI solution (0.1 M) and ditilled
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water until pH 7. Theimpregnated material wasthen
driedinair at 100 °C for 15 min and heated at 140 °C
for 22 hoursinan oven3,

La,0, catalyst was prepared by animpregnation
method with aNaOH agueoussolutionusingLa,0, as
support. Prior to impregnation, 30 g of La,0, were
dried at 120°C for 10 hours. Then, a NaOH aqueous
solution (2 M) was added to the lanthanum oxide
(La,0,); theresulting mixturewas subjected to stirring
for 2 h. After impregnation, the overlying water was
removed andthecatalyst (Na-La,0,) wasdried at 120
©C for 12 hours. Part of this catalyst was calcined at
560° C for 5 hours (Na-La,O, calcined). Xieand Yang
(2007)* haveused asimilar treatment to impregnate
barium onacommercia zinc oxide.

Catalyticmaterial characterization

Thecrystalinestructure of the catalystswas char-
acterized by X-ray diffraction (XRD). Measurements
were performed with aX’ Pert Pro diffractometer of
Pandytical, usng X Celerator detector and CuKo ra-
diation. BET surface areaand structural propertiesof
sampleswere evaluated by nitrogen adsorption-des-
orptionisothermsrecorded on asurface poresizeana
lyzer (Gemini V, Micromeritics) and by mercury
porosimetry (Autopore IV mercury porosimeter,
Micromeritics).

Catalyticactivity evaluation

Transesterification reaction wasperformedina250
ml jacketed glassd urry reactor equipped with areflux
condenser and amechanical stirring (Figure1). Com-
mercia edible-grade sunflower oil purchased fromthe
market was used as feedstock. Properties of this oil
areshown in TABLE 1. Before reaction the system
was heated and oil was added. When the oil reached
the selected temperature (60°C), methanol (methanol/
oil molar ratio 12:1) and solid catalyst (powder,
microspheresor particles) (6%owt respect to oil weight)
were added with continuous stirring. After 4 hours of
reaction, thesolid was separated fromthereaction mix-
tureby filtration. Theliquid product obtained wasro-
tary evaporated to remove methanol inexcess, andthen
settled in aseparating funnel. The upper phase con-
sisted of fatty acid methyl esters (biodiesel) and the
lower phase contained the glyceral. Viscosity and den-
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sity of the obtained biodiesel product was measured
using arotational viscometer Visco Star PlusL and a
pycnometer, respectively. Moreover, FAME contentin
thebiodiesd product was quantitatively determined by
'H Nuclear Magnetic Resonance (NMR) in order to
estimatetheyield of fatty acid methyl ester obtained
from transesterification reactionl*®.
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Figurel: Schemeof thereaction system.
TABLE 1: Sunflower oil characteristics

Property Sunflower ail
Density at 15°C (g/cm®) 0.924
Kinematic viscosity at 40°C (cSt) 29.4
Acid value (mg KOH/g) 0.17
lodineindex (g lodine/100 g sample) 138.8
Turbidity (NTU) 2.24

RESULTSAND DISCUSSION

Inafirst step, asabasisfor the catalytic activity
eval uation, transesterification reaction was performed
using severd materia swithout modification (zeolite X,
zeolite Y, natural volcanic ashes, La,0, and
hydrotalcite). Resultsshow that alow decreasein sun-
flower oil viscosity was achieved (from 3.7 to 14.9%
related to initial sunflower oil viscosity) and alow
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transesterification reaction conversion was obtained
(TABLE 2), Asthe conversion of triglyceridesto me-
thyl estersachieved wasvery low, potential cataytic
materialswere subjected to different treatmentsin or-
der toincreasethelr cataytic activity.

TABLE 2: Transesterification reaction conver son obtained
using different unmodified materialsasheter ogeneouscata-
lysts. (Kinematicinitial sunflower oil viscosity: 29.4 cSt)

Catalyst Prs?;gglgqggz;tlc FAI\/(I(E))yleId
Zeolite X 26.9 4.1
Zeolite Y 26.5 4.4
Volcanic ashes 25.0 54
La,0s 28.3 35
Hydrotalcite 26.7 4.2

Theincrease of basic siteson thezeolite X enhance
itscataytic activity for thetransesterification reaction
and thematerid subjected toionicexchangewith KOH
(K-ZX) ismoreactivethan untreated materid reaching
areaction product viscosity decrease of 57.5% and a
FAME yield of 30.1%. However, the creation of acid
stesonthesamezeolitic materia doesnot increasethe
cadyticactivity for thetransesterification reaction (Fig-
ure 2). In addition, material exchanged with the HCI
solution (H-ZX) islessactivethan unmodified materia
reaching only areaction product viscosity decrease of
3.0% and a FAME yidld of 3.6%.. The same trend
was observed withthe zeolite Y.
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Figure 2 : Reaction product viscosity using zeolite X and
zeoliteY ascatalyst for sunflower oil transesterification re-
action ( commer cial sunflower oil viscosity).
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Fgure 3 showsthat themodification of natura vol-
canicmaterial withTiO, (TVA) favorsitsactivity for
thetransesterification reaction, achieving asignificant
reduction in biodiesel product viscosity (66.1%) and
reachingaFAME yield of about 42%in biodiesd prod-
uct obtained. However, further studieswiththeaim of
reactor operation conditionsoptimization could be per-
formed to achieve higher decrease of the viscosity of
the reaction products getting better FAME yieldsand
specificationvauesfor commercia biodiesd.
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Figure3: Catalytic activity of volcanicashesand lanthanum
oxide, FAM E yield of thereaction product.

When lanthanum oxidewas used as heterogeneous
catalysts better conversion was obtained for the
transesterification reaction of sunflower oil. It can be
observed that theimpregnati on of |anthanum oxidewith
NaOH isan effectivetrestment achievingaviscosty of
product obtained into required standardsfor biodiesel
(4.2 and 4.4 cSt for NarLa,0, and Na-La,0O, cal-
cined, respectively) and FAME yieldsabove 90%. In
addition, fromtheseresultswe can concludethat calci-
nation stage is not necessary, because using the cal-
cined catalyst thebiodiesel product viscosity increased
dlightly. Some authors have obtained similar results
studying NaOH exchanged alumina as catalyst for
transesterification reaction (cal cined and unca cined)2€,

TABLE 3 summarizesthetextura propertiesof the
best materid sfound ascatdystsfor thetransesterification
reaction. Thetextura parametersincluded inthistable
are: valuesfor the macropore and micropore surface
area, poresize (D) and porosity. These datashow that

theimpregnation of lanthanum oxidewith NaOH causes
adecrease of BET specific surfacearea; however, itis
observed adight increase of macro and mesoporearea
and porosity. From aqualitative point of view, the de-
creaseof S, arenot surprising sincein heterogeneous
catalysisthereduction of specific surfaceareaof the
support isawell documented consequence of the pro-
motion of acatdyst withadkai meta ¢, Thetextura
propertiesfor Na-La,0O, used arevery similar to those
totheNa-La,O,, soit could carry out thereuse of the
catalytic materid after thetransesterification reaction.

TABLE 3: Textural propertiesof samples

N, adsorption  Mercury porosimetry

Surface

Sample Sger D Tp, Porosity D
2.1
m nm . % nm
(m'g") (m) (o (%) (hm)
La,Os 0.687 7.163 13.715 55.19 3755.4
Na-La,Os 0.304 3.732 16.447 5551 11358.2

Na-La,Osused 0.311 4.389 16.122 44.12 10992.2

Figure 4 presents the XRD patterns of these
samples. It can be noticed that XRD patterns of Na-

x: NaOH.H,O

¢: Na,0,.8H,0

Intensity (a.u.)

Na-La,O; used
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20(°)
Figure4: XRD patternsof La,O,, Na-La,O,and Na-La,0,
used.
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La,O,isamost thesameasthetypicd patternof La,0,,
thiscan beattributed to good dispersion of NaOH on
theLa,0, support intheform of amonolayer at alow
loading of NaOH. Thisjustification hasbeen provided
by other authors™ whenimpregnated KOH onALO,.
After thetransesterification reaction occur dight modi-
ficationsof the crystallinestructure of the catalyst; this
could beattributed to the presence of triglyceridesand
esterstracksonthe catalyst surface.

CONCLUSIONS

Inthe present study the transesterificationreaction
of sunflower oil with different heterogeneouscatdystsat
low temperaurewasinvestigated. Zeoliticmaterid sprac-
ticdly don't show an acceptable activity for reaction stud-
ied. Good convers onswereobta ned for |anthanum ox-
idesand vol canic ashes. Both modified materidscan be
used asheterogeneouscatayst for transesterification re-
action of vegetableoilsat |ow temperature.

Nainterchanged La,O,wasthe solid that showed
higher catalytic activity. Biodiesal product obtainedis
withinthelimitsestablished by ASTM D6751 and EN
14214 standards. Using this catayst (powder form),
biodiesal can be obtained inadurry discontinuousre-
actor at ardatively low temperature (60°C) when com-
pared with conventiondly usedinthetransesterification
reaction by heterogeneous catalysis.

The use of titanated vol canic ashes as heteroge-
neous catal yst in the transesterification reaction could
present great advantages, becauseit isanatural and
inexpensivematerial. Moreover, thisparticulated cata-
lyst could be used with the possibility of acontinuous
catalytic processfor biodiesel production developing
using cataytic fixed bed reactors. Therefore, fixed bed
reactor operating conditions study could be performed
inorder toimprovethetransesterification reaction con-
version obtaining better FAME yields.
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