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Abstract—The effect of calcination temperature and MgO Calcination not only affects defect production but also
crystallite sizes on the structure and catalytic performance of Tidncreases the crystallite size [7-9]. This increase in crystallite
supported nano-MgO catalyst for thrans-esterification of soybean size makes it difficult to understand the effect of crystallite
oil has been studied. The catalyst has been prepared by deposi§pfe alone on the transesterification reaction. In this study we
precipitation method, characterised by XRD and FTIR and tested jigye investigated the effect of calcination temperature and

an autoclave at 226. The soybean oil conversion after 15 minute%dso the effect of different crystallite sizes of nano-MgO
of the trans-esterification reaction increased when the calcination

temperature was increased from 500 to°60@nd decreased with support(_ed on Ti@ and produced using mo.dlf'Ed Ster
further increase in calcination temperature. Some gcherolys'?é/r't,hes,'S [10]. The Iatter. catalysts were calcined at the same
activity was also detected on catalysts calcined at 600 arfC 70¢°@lcination temperature in order to decouple the effect of
after 45 minutes of reaction. Theans-esterification reaction rate Calcination temperature from the effect of MgO crystallite
increased with the decrease in MgO crystallite size for the first 30zes.
min. To the best of our knowledge no other study on the effect of
calcination temperatures on the structure and catalytic
KeMNor_ds—_CaIcination temperature, crystallite size, MgO/TiO performance of the nano MgO/TiCsystem prepared by
transesterification deposit-precipitation for the soybean oil transesterification has
been reported to date.
|. INTRODUCTION
HE dwindling of oil reserves, as confirmed by the World 1. EXPERIMENTAL PROCEDURE
Energy Forum prediction, suggests that in less than 10 .
decades all current energy supplies will be exhausted [l]_A.Matenals
Coupled with an industrial shift towards processes which areMagnesium ethoxide [Mg(OGiEH;).] (98%), soybean oil
more environmental friendly, the rapid increase in oil demarf§9%) and methanol (99%) were obtained from Sigma-Aldrich
and the instability in the Middle East, the largest oil producehereas ethanol (>98%) was obtained from Prolabo and
have lead to a resurge in the interest in bio fuels. ammonia hydroxide solution (25% NHfrom Acechem. All
Not surprisingly, biodiesel has received most of the interéktagents were used as received.
because 95% of the energy generated from petroleum isg caralyst Synthesis
consumed by the transport sector [2]. The technology of .
biodiesel production has been around for almost a century anc}ft Support Preparation . . . .
transesterification has mainly been utilizing base homogenous, '0,2 (Degussg P25 contalnllng 17% rutile) was .mlx.ed with
catalyst [3]. However, there has been a growing interest ionised water in a mgss ratio of 1:1 and drledlln al.r at. 120
heterogeneous catalysis because of the well know advantag@sfoé 16h [11]. The dried support was then calcined in air at
it presents. These advantages include: elimination of corrosi®fQ C for 2 hours to achieve 78% rutile [12]. After
problems, fewer disposal problems and much easier separa@ifinations the support was crushed and sieved. Particles
of products [4]. However, currently there is only ondeétween 50 and 100 microns were used as catalyst support.
commercial plant utilizing heterogeneous catalyst [3]. This is
probably due to the low activity of solid catalyst compared 2. Catalyst Preparation
with homogenous catalysts which necessitates the use offhe catalyst was prepared by deposition-precipitation using
extreme reaction conditions [5]. Most of the current work imodified Stober synthesis method [10]. A solution of
heterogeneous catalysis is aimed at improving catalysthmonia (12.90 cin25% NH in water) was slowly added to
activity. Previous reports [1, 6-8lave shown that the methoda stirred solution of magnesium ethoxide (0-1.6020 g) and
of catalyst activation can profoundly affect the reactivity angitania in ethanol (25 cfi The quantity of magnesium
surface properties of the catalyst. Calcination of MgO haghoxide was varied to achieve different crystallite sizes while
been reported to result in the restructuring of the metal oxigigania was varied to achieve 20 wt.% metal oxide loading on
thus leading to an increase in defects which are electrgs sypport. The resulting mixture was stirred for 3 h°@t 0
donating G centers, postulated as superbasic sites in sokgye formed solids were recovered through centrifugation,
base catalysis [8]. washed several times with water , dried in air at’CO@r 16
hours and subsequently calcined in air at temperatures
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of 4000-400crit to determine functional groups in catalystabsorbance between 400 and 1000 cm-1 was presfnme be
samples. XRF was used to determine MgO loadinghen tand after calcination and was attributed to th&i-O)
support. The structure of the catalyst system weterchined vibration [15, 17].
using a Philips PW 3040/60 X-ray diffraction appgasawith

CuKa (A = 1.54) radiation. Samples were scanned oved a :

range of 4-130 with a 0.02 step size and a scan speed o

0.04 s/step. The mean crystallite size of MgO imalgat
samples was estimated from the full width at hadéfxima of
the most intense diffraction peak by the Schergeraéon and
the rutile to anatase ratios were determined usiqgation (1)
below

% Rutile = * 100

— €Y)
[(%) 0.884 + 1]

Where, A and R are the peak areas for major ané2ise
25°) and rutile phase (2= 2&), respectively [13].

D.Catalyst Testing

A 300 cnf stainless steel batch reactor (PARR 4842 series

reactor) was charged with soybean oil (68-96)cmethanol

Transmittance %
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Fig. 1 FTIR spectra for (a) dried catalyst; (b)atgst calcined at
500°C; (c) catalyst calcined at 68D, (d) catalyst calcined at 7D
and (d) catalyst calcined at 8@

(52-24 cni) and varying mass of catalyst. The reactor 1. XRD analysis

temperature was maintained at a desired value by
temperature control loop consisting of a K-typerthecouple
in contact with the reacting medium, a PID tempemat
controller and a cylindrical heating mantle arouhd reactor
vessel. The stirring rate was set at 1100 rpmtaagroducts
were sampled from the reactor between 15 to 60 tesnaf
reaction. The catalyst was removed from the pradumt
centrifugation. The remaining product was heate@5tC in
a vacuum evaporator to remove methanol. The predinett
remained after evaporating methanol were glycenoteacted
oil and the methyl esters. These products sepatateud/o
phases: glycerol as the bottom phase and oil aridyinesters
as the top phase. The top phase was used to deteth@ oil
conversion to methyl esters using NMR analysis d@ruker
400 MHz NMR apparatus using the method reported
Gelbardet al. [14].

.
A. Catalyst characterization

RESULTS AND DISCUSSION

1. FTIRanalysis

The FTIR results for the dried and the calcinedpsuied
catalyst samples are presented in fig. 1 below. hars
absorption due to Mg(OHlat 3693 crit was observed in the
dried catalyst sample (figure 1a) and almost disapgd in the
calcined catalyst (figure 1b-e) suggesting thatdbeversion

axXRD data for catalyst samples calcined at 500, 60D
and 806C are shown in fig. 2 below. The diffraction peaits
25.3, 48.1, 54.0, 55.1 and 62.8vere due to the anatase phase
of TiO, and those at 27.4, 36.1, 41.3, 54.3 and 83®rutile.
MgO was detected at diffraction angles of 42.926G#hd 78.7
©. The ratio of rutile to anatase did not signifitgrchange
and no new diffraction peaks were observed for lysts
calcined at 500 and 680. However, some of the rutile phase
(TiO,) began to transform to give kb O, in the sample
calcined at 60 and above as that was indicated by slight
shift of some rutile peaks i.e 35.84, 41.028 and 53 to 36.1,
41.26 and 54.341 respectively. This could indicateinitial
loss of titania to the magnesia structure as algmested by
previous studies [18, 19] that indicated that" ransfers to

lile magnesia structure at this temperature ran§es80°C

and above. When the calcination temperature wasased to
700°C a new phase MgTiQat a diffraction angle of 33.05
became evident. On further increase of the cdioina
temperature to 800°C the intensity of the peaks due to
MgTiO; intensified. It can also be observed that as the
calcination temperature was raised to 700 the anatase
phase peaks reduced and finally disappeared a800he
change in titania phase from anatase to rutile besn
reported by a number of researchers [20-22] but the
temperature causing all the anatase to disappehisirstudy
was lower than those reported. This might be duehto

of Mg(OH), to MgO during calcination was almost completepresence of MgO.

The broad absorbance attributable tow{@-H) between 2953
and 3512 crl, with the concomitant(O-H) absorption at

1637cm’ persisted in both the dried and the calcined sesapl
These absorptions were attributed to surface hydlispecies,

resulting from a fast reaction between the atmasphe
moisture and the solids.
previously reported in several studies [1, 15, 18h

These absorptions were als
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different yields. No correlation could be estabdidhbetween

¥ ¥ Rutile the yields and the MgO particles sizes. The in@eéasyield
o Anatase with the calcination temperature from 500 to ®@ould be
v MgTio related to the T transfer to the magnesia structure as
¥ a 3 discussed in section A2 leading to more defectbéncatalyst
¥ Mg0 | [17]. On the other hand the decrease in yield lier ¢atalysts
. ¥ .iT. | 800 C | calcined at 700 and 80D could be explained by the
5 = formation of MgTiQ detected in these samples. The lowest
8 oil conversion was measured on the catalyst calcate806C
g L - 700°C which had the most intense MgTiQeak (fig. 2). The catalyst
calcined at 601 still showed higher yield after 30 min of
o reaction (fig. 4b), however no trend could be aledi after 45
LI&__L_,‘_ A " 600 C | and 60 minutes of reaction as shown in figure 4d ad
respectively. This could be due to a possible sidetion that
500 Oc took place as the reaction time was increased.méasured
__ll, AV ‘ A " ‘ | conversions for the catalysts calcined at 600 0@ after
6 16 26 36 46 56 66 76 86 96 106 116 126 45 minutes of reaction were respectively 96 and in_g’o4c:)
and were respectively decreased to 94 and 92 &0teminutes
Position [2Theta] (Cu) of reaction (fig. 4d). This finding suggests thirt of the
Fig. 2Effect of calcination temperature on supported Mgalyst ~ formed methyl esters were consumed in a glycerslysi
calcined at 508C, 600°C, 700°C and 806°C reaction reported to take place during extended

) o transesterification reaction times [23-26]. This latroduced
Fig. 3 shows the nano-MgO crystallite sizes asnatfan of  sjgnificant errors on the measurement of oil cosicer to
calcination temperature. These sizes did not smmifly methyl esters at extended transesterification i@adimes.
change for calcination temperatures from 500 ari@@ A powever the data at extended reaction times weeulias
significant increase in size from ca. 35 nm to 80 was they revealed that only the catalysts samples readcat 600

observed in the catalyst calcined at 8@ This could be due and 706C were also active for the glycerolysis reaction.
to sintering of nano MgO at this high temperature.
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Fig. 3 Effect of calcination temperature on nanoéMgystallite size
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B. Catalyst testing 500 600 700 800
. . . Calcination temperature [°C]
The soybean oil conversion to methyl esters astibmof o cj‘;’wr’jsﬂ’:ien""‘” ©
catalyst calcination temperature are reported gn 4i a - d. e e o
The effect of the calcination temperature has les=essed at s . .

different reaction times, i.e. after 15, 30, 45 &0ddminutes of
reaction. The data after 15 minutes of reactiom 4&) show a
clear trend where the oil conversion first incresaséth the
calcination temperature, passes by a maximum ceioreof
88% for the catalyst calcined at 8a0and then decreases for
the catalysts samples calcined at temperatureseab0¢C. [ po — o=
This trend cannot be explained by the nano-MgOtatijte Calcination temperature [°C]
sizes resulting from different calcination temperas

presented in fig. 3 above. Catalyst samples calcate500,

600 and 700C had comparable MgO crystallite sizes but
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00 g ) After 60 min. and the MgO at calcination temperatures above’G0fas
o | o % beneficial in eliminating carbon deposition durinte
E = transesterification reaction.
§ . ¥ Rutile
g ¥ ® Anatase
5 " x ¥ v,
MgO
7 500 600 700 800 a Carbon
Calcination temperature [°C] ]
Fig. 4 Effect of calcination temperature of catalys soybean oil i ¥ o
conversion (methanol to oil molar ratio 1:18, tenapere: 225°C) § l ’\¥ ﬂ 800 C
%)
The effects of MgO crystallite size on the soybea 700
transesterification reaction are presented in édua and b. It
was observed that the rate of reaction after 1%utam(fig. 5a)
and 30 minutes (fig. 5b) increased with the de@aeasvigO i A ' 600
crystallite size produced by varying the precurgaantity. —
These catalysts were calcined at the same temperat600 M s00°C
©C. This increase in the rate of reaction can héated to an U_/U_J/\_
increase in surface area of active metal oxide aanid' the ’ ol
increase in low coordination atoms (defects). 20 % 40 0 60 70 80
2 Theta [26] (Cu)
3l After 15 min Fig. 6 Effect of calcination temperature (500- @) on carbon
100 deposition

90 -+

70 | * . IV. CONCLUSION

60 -
50 -

The calcination temperature of MgO/Ti@atalyst system

Conversion %

20 had an effect on its structure and catalytic penforce for the
30 4 soybean oil transesterification reaction. No sigaifit effect
20 - of calcination temperature on the resulting nandaMg
10 crystallites was detected in the range from 500706°C.

0 T T T T 1
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Crystallite size (nm)

However a significant increase in nano-MgO crygtalizes
was observed for the catalyst sample calcined @tG0This
was explained by possible MgO particles sinteritigthas
higher temperature. The soybean oil conversionr afte
100 - minutes of the transesterification reaction incegawhen the
90 - .\\A calcination temperature was increased from 50006 and
80 1 decreased with further increase in calcination tnatore.
70 1 This was explained in terms of changes in the ygsital
60 1 structure. The catalysts calcined at 600 andQ@@&so showed

Zg: some glycerolysis activities at extended reactiomes.

b) After 30 min

L

v

Conversion %

20 | Finally, the MgO crystallite size obtained by a rified
% | Stilber method showed an effect on the transesteiditat
10 | reaction rate. When calcined at the same tempexathe
0 ‘ . ‘ ‘ . catalyst with small MgO particle size showed thghleist
10 15 20 25 30 35 activity.
Crystallite size (nm)
Fig. 5 Effect of crystallite size on soybean oiheersion (methanol ACKNOWLEDGMENT
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