International Journal of Chemical, Materials and Biomolecular Sciences
ISSN: 2415-6620
Vol:6, No:4, 2012

Biodiesel Production over nano-MgO Supported
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Abstract—Nano-MgO was successfully deposited on titania Mixed oxides of TiQ and MgO have been used for the
using deposition-precipitation method. The catalyst produced wpsoduction of biodiesel from waste oil by Wen et al. [14] who
characterised using FTIR, XRD, BET and XRF and its activity wageported that titanium improved the stability of the catalyst
tested on the transesterification reaction of soybean oil to biodiesgh-5se of the defects induced by the substitution of Ti ions

The catalyst activity improved when the reaction temperature w, . - . . . .
increasedfrom 150 and 25%. It was also observed that increasing > Mg ions in the magnesia lattice. These mixed oxides were

the reaction time above 1h had no significant benefit on conversidi€Pared by sol-gel synthesis. To the best of our knowledge no
The stability fixed MgO on Ti@was investigated using XRF and other study using nano-MgO precipitated and deposited on
ICP-OES. It was observed that MgO loss during the reaction wasO,support for use in biodiesel transesterification has been
between 0.5-2.3 percent and that there was no correlation betweenrg]gorted to date. In this study the catalytic behaviour fop TiO
reaction temperature and the MgO loss. supported nano-MgO, prepared by deposition precipitation
method, for the soybean oil transesterification reaction will be
investigated. In particular the effect of reaction temperature,
reaction time, MgO loading on Tiand the catalyst quantity

Keywords—Nano-MgO, TiQ, transesterification

|. INTRODUCTION : .
_ will be studied.
SINCE Walton [1] recommended in 1939 that “to get utmost
alue from vegetable oil as fuel it is academically II. EXPERIMENTAL PROCEDURE

necessary to split off the triglycerides and run on the residual .

fatty acid”, there has been a number of methods employed 1 Materials

achieve this. These methods include pyrolysis, cracking, Magnesium ethoxide [Mg(OCiH;),] (98%), soybean oil
micro-emulsification and transesterification [2, 3]. Among th€99%) and methanol (99%) were obtained from Sigma-Aldrich
many methods available, transesterification has been foundpereas ethanol (>98%) was obtained from Prolabo and

be the most viable process [4]. Base homogenous catalysts@Fénonia hydroxide solution (25% NHfrom Acechem. All
the most commonly used in commercial plants because '§29ents were used as received.

shorter reaction time compared to acid homogenous catalysts

and heterogeneous catalysts. Despite this, they present gl Support preparation - . . .
number of challenges as they cannot be reused; they prod cg'oz (Degussa P25 containing 17% rutile) was mixed with

lonised water in a mass ratio of 1:1 and dried in air at 120
Iirélgu?tm O:Jnntscgi]:rvaa;te Wzﬁgtre?(r)ldelr?:gSgadcea?;)llc;;ol E?fea; g for 16h [15]. The dried support was then calcined in air at
P ' ' 9 Y 650 °C for 2 hours to achieve 78% rutile [16]. After

simplified production and purifica_tion process [5] but Sﬁ”](""‘(:"i‘:alcinations the support was crushed and sieved. Particles
the challenge of slower reaction rates that need t0 By yeen 50 and 100 microns were used as catalyst support.
overcome to make the process more attractive; this can be
done by improved catalyst design. 2. Catalyst Preparation

Various metal oxides such as MgO [4, 6-8], ZnO [9], The catalyst was prepared by deposition-precipitation. The
SnGy[10], CaO[11-13]gtc. have been reported to be active foprecursor Mg(OCHCH), was dispersed in ethanol and
the transesterification reaction of triglycerides. Verziu et asypsequently Ti® was added. A solution of water and
[8] demonstrated that nanostructured MgO can be usgfhmonia was added drop wise to the mixture. After stirring
effectively as a heterogeneous catalyst system for biodies@l 3h, the catalyst was dried at 190 in air for 16 h and then
transesterification and that the facet of MgO exposed has @gicined at 508C for 2h. The reactants were added to achieve
important influence regarding activity and selectivity. Fof0-30 wt.% loading of nano-MgO on TiO
industrial applications nano-MgO would pose serious filtration B. Catalyst Characterisation
problems and catalyst separation would be troublesome. In_ . )
order to exploit the benefit of high catalytic activities for FT'R Spetra were recorded using a Bruker Tensor 27 in the
nano-MgO and avoid potential catalyst separation problerf@19¢ Of 4000-400ciito determine functional groups in

for industrial applications, we have dispersed nano-MgO talyst samples. XRF was u_sed to determine MgO Ioad_lng on
TiO, support. e support. The BET analysis was performed to determine the

surface area (SA) and pores distribution hyadsorption at
the temperature of 77 K using a Micromeritics ASAP 2000.
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CuK, (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 hadixima of
the diffraction peak by the Scherrer equation drerutile to
anatase ratios were determined using equatiope{byv.

% Rutile = ———————+100 €))
[(%)0.884+1]

Where, A and R are the peak areas for major angpise
25°) and rutile phase @= 28), respectively [17].

C.Catalyst Testing

A 300 cnf stainless steel batch reactor (PARR 4842 serie '

reactor) was charged with soybean oil (6&)¢mmethanol (52

cn) and varying mass of catalyst. The reactor tenipera

was maintained at a desired value by a temperatoméol
loop consisting of a K-type thermocouple in contaih the
reacting medium, a PID temperature controller and
cylindrical heating mantle around the reactor viess&he
stirring rate was set at 1100 rpm. After 30 min 6- H of
reaction, the products were left to cool to roomperature.
The catalyst was removed from the products
centrifugation. The remaining product was heate@54tC in
a vacuum evaporator to remove methanol. The predinett
remained after drying were glycerol, unreacted asid the
methyl esters. These products separate to two ghglseerol
as the bottom phase and oil and methyl estersea®hphase.
The top phase was used to determine the oil coiovets
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Fig. 1 FTIR spectra for (a) dried catalyst anda@alyst calcined at
500°C

2. XRF analysis

bY The MgO loadings in the catalyst as determined BRFX
analysis are summarized in table 1 below. Theseltses
suggest that the TiQdid provide a surface for nucleation of
nano-MgO during the deposition- precipitation psxaince
there is little difference between the target (20, and 30
wt.% MgO) and the achieved (8.7, 20.7 and 31.2 Ww§6©)
loadings.XRF analyses after the reaction gave 3013 and

methyl esters using NMR analysis on a Bruker 400zMHgq 5 vt 0 MgO and further suggest that the nano-Mg®,

NMR apparatus. The following formula (2) was used t

determine the oil conversion from NMR data:

2AyE
%Conversion =

X 100 2
Ac—cH, @

Where Aseis the integration value of the protons of the mketh
esters

catalyst system is stable with insignificant cagtlyloss
through leaching or any other means under the iceact

conditions used. This was further confirmed by I&PS
results discussed in section A4.

TABLE |
XRF RESULTS FOR FRESH AND USED CATALYSTS

A,.ch2is the integration value of the methylene protdr@j.[

Nano-MgO loading [wt.%)]

Ill. RESULTS ANDDISCUSSION
A. Catalyst characterisation
1. FTIRanalysis

Target loading

10.0 20.0 30
Achieved loading 8.7 20.7 31.2
After reaction (225'C) 8.1 20.3 30.2

The FTIR results for the dried and the calcinedpsuied
catalyst samples are presented in fig. 1 belowirigrat 100

3. BET analysis

°C removed most of the adsorbed water, with the gel Surface area and pore sizes for the blank, Bi@pport and
remaining as Mg(OH) shown by the sharp absorption at 369310, supported nano-MgO catalyst samples with 10 and 30
cm® with an absorption at 1394 ¢nattributed to O-H bonded Wt.% MgO loadings are reported in table Il below.

to Mg. After calcining at 508C and above, these absorptions

were no longer observed suggesting complete coioves
Mg(OH), to MgO.

The broad absorbance attributable to #®-H) between

TABLE I
BET ANALYSIS RESULTS FOR SAMPLES CALCINED AB00°C

Support 10 wt.% 30 wt.%
2953 and 3512 cih) with the concomitans(O-H) at 1401 ) i} .
and1637crl persisted in both solids Mg(OMJiO, and  Suracearea(’o) 2L 146 203
MgO/TiO,. These absorptions were attributed to surfa¢ _Pore size (nm) 30.2 27.5 24.7
hydroxyl species resulting from a fast reactionween the

atmospheric moisture and the solids researched®]6, The deposition of ca. 10% of MgO decreased theasarf

area from 21.7 (for the blank support) to 14.&gn This
surface area was further increased for MgO loadimigsa.
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30%. A possible explanation is that the resultimgessible
surface area on MgO loaded catalyst was deterniiyethe
proportion of MgO obstructing the pores of the supmnd
that deposited on the outer surface of the suppoappears
that for the 10% loaded catalyst; the loss of agibés surface
area due to pores obstruction was significant coetp#o the
gain in surface area due to additional particlesthen outer
surface of the support. More MgO particles possit@posited
on the outer surface of the support in the cas&0®6 loading
were leading to a higher measured surface area am@thgo
10% loaded catalyst.

4. ICP-AESanalysis

The amounts of catalyst lost during the transdatation
reaction at various reaction temperatures werermated by
ICP-AES and the results are presented in table d&trisind
showing the loss of catalyst as function of thectiea
temperature was evident. The Mg loss only varigd/een 0.5
and 2.3%. The titania loss at this temperature eangs
insignificant.

TABLE Il
ICP-AESRESULTS ON EFFECT OF REACTION TEMPERATURE ON AND MG
LOSS

Reaction

Ti Mg
temperature
*loss *loss
[oC] Conc.[ppm] [%] Conc.[ppm] [%]
150 0.7 trace 17.9 0.5
175 2.0 trace 38.8 1.0
200 0.8 trace 89.9 2.3
225 0.3 trace 17.2 0.5

* amount lost is calculated from ICP-AES resultgiditd by amount of nano-
MgO or titania charged into the reactor

5. XRD analysis

X Rutile
¥ ® Anatase
m MgO

Supported nano—(b)gO(b)

Count

45 65 85
Position [28] (Cu)

Fig. 2 XRD data for nano-MgO, Tig&upport and Ti@supported
nano-MgO

After calcination at 650C the TiQ support was found to
contain 78% rutile. This rutile proportion did rddtange in the
TiO, supported catalyst calcined at 5@0suggesting good
thermal stability of the support at this calcinati@mperature.
The diffraction peaks for the TiOsupported nano-MgO
system were a combination of the blank F#&hd nano-MgO
diffractions and no new peaks in addition to thesere
observed. The absence of new peaks on the suppuatent
MgO suggests that the interaction between nano-igdDthe
support was purely physical [14].

B. Catalyst testing

1. Effect of reaction temperature and MgO loading
Fig. 3 below shows the conversion of soybean oih&shyl
esters for various nano-MgO loadings on Ji&hd different

XRD analysis for the Ti® supported nano-MgO was reaction temperatures for a fixed reaction timelbf It was

performed and the data are reported in fig. 2 beldw
facilitate the identification of peaks at differediffraction
angles, XRD data for the blank TiGupport and for nano-
MgO were also generated and reported.

observed that, for the same MgO loading, increasing
reaction temperature had a favourable influence tio&
conversion. For example 15% oil conversion was nreasat
150°C for the catalyst containing 10 wt.% MgO and reath
ca. 84% at 22%. To avoid reaching the critical temperature
for methanol (239°C) the reaction temperatures were limited
to a maximum of 225°C. This increase of conversion with
temperature is consistent with previous studies 7}4,and
might be due to the following factors: i) a deceasviscosity

of reactants with temperature thus reducing maasster
limitations and ii) an increase in the energy sigzpto the
system at high temperatures causing more partiolesllide
and have energy greater than the activation erardyeact.
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Fig. 3 Effect of MgO loading and reaction temperatuiiet(o
methanol molar ratio 1:6; catalyst amount: 5wt.éhwespect to o,
1h)

When conpared at the same reaction temperature,
catalyst activity was found to increase with theipading.
For example conversions of 15, 35 and 42 were medsat
15¢°C for 10, 20 and 30 wt.91gO loadings respectivel
Within an experimental error, these conversions e\
increasing almost by the same factor as the ineraa$1gO
loading. However, as the reaction temperature weaseased
the effect of MgO loading on the catalyst activdgtreased.

Conversions of 84, 91 and 95% were measured &°C
compared 15, 35 and 42% at 36@espectively for 10, 20 ar
30 wt.% MgO catalyst. This could suggest that theasurec
rate of reaction was more determined by the ratematerial
transfer toand from the catalyst than the reaction on cati
surface. A20 wt.% MgO loading showed tthighest activity
at 225C.

2. FEffect of reaction time
The effect of reaction time was investigated ararisults

100 - Al

60 -

Conversion %

40 - —— 10% nano-mgO/titania
—#— 20% nano-MgO/titania

30% nano-MgO/titania

0 T T T T T T
0 100 200 300 400 500 600 700

Reaction time (min)

Fig. 4 Effect of raction time on soytan conversion over catalyst
with various MgO loadings (oil to methanol molatioal:18;
temperature: 22& catalyst ament: 5wt.% with respect to oil)

3. Effect of catalyst amount

The effect of thecatalyst amount on the soybean conver
has beerstudied by running the reaction with 0, 0.1, 15!
and 7% catalyst loaded in the reacFig. 5 shows the effect
of the amount of catalyst in the reactor on soyl=mversior
with time. No significant effects of catalysts amtaifrom 1
to 7% were note under the conditions used for these r
Some conversion was still measured the catalyst-free run
and a value of ca. 68% soybean conversion was\athiafter
60 minutes of reaction. 8.10% cataly: loading also resulted

in a lower conversion of 15% af 20 minutes of reaction as
compared to ca. 782% for the 1- 7% catalyst amounts. The
effect of catalyst amountsn the reactor decreased with

reaction time. After 60 minutes of reaction almasb
difference in conversio could be noted for the vario
amounts (0.1 to 7%) of catalyst used. For a readiioe of 6C
minutes, an amount of ca. 0.1% catalyst in thctor would

be optimum as it would natignificantly affect the reactants

viscosity and will still lead to gcd conversion levels resulting

are summarised in figd. Reactions haveeen conducted at in a more economical proce

225°C for 15, 30, 45, 60 and 600 minutes. The resuits:
that increasing the reaction time above 1 h hadigoificant
benefit. This might be because the equilibrium dioms
were almost achieved within 1 h of reaction. It @so b
noted that the increase in conversions with timeé dot
significantly change with the MgO loadinof the catalyst.
This was because of the high reaction temperatunere
material transfer to and from the catalyst has egmoved a:
discussed in section 1Babove. 20% nai-MgO/TiO, again
resulted in a slightly higher conversion as comgae the
other catalysts. 20 wt.% MgO loading and maximuactien
time of 1 h were selected for the rest of the itigasion

100 7%
80 ——5%
60 ——3%

40 ——1%

Conversion %

20 =3#=0.10%

0:. T T T T T T

0 15 30 45 60 75 90
Reaction time (min)

Fig. 5Effect of catalyst amount in the reactor on soyhbah
conversion ( oil: methanol molar ratio: 1:18, 2°C) selected

IV. CONCLUSION

The nano-MgO/Ti@ system has shown good activity ¢
stability in the transesterification reaction unttex condition:
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investigated. There was an increase in conversidtih w[18] G. Knothe, “Analyzing Biodiesel: Standards and @thiethods"J.Am.

; ; : : Qil Chem. Soc., vol. 83, no. 10, pp. 823-833, Sept 2006.
increasing reaction temperature. The effect oflgsttdoading [19] C. Li, G. Li and Q.Xin, “FT-IR Spectroscopic Stusief Methane

diminished with long reaction time at high reaction ~ agsorption on Magnesium Oxidd,Phys. Chem., vol. 98, pp. 1933-
temperature of 228C. The determination of MgO contents in 1938, 1994.

the used catalyst revealed that nano-MgO losses betwveen

0.5-2.3wt.% and had no correlation with the reacti

temperature.

ACKNOWLEDGMENT

We are grateful for the financial support given the
University of Johannesburg and technical suppornfMeta —
Catalysis.

REFERENCES

[1] J. Walton, “The Fuel Possibilities of VegetablesQibas Oil Power,Vol
33,pp. 167-168,1939

[2] G. Knothe, J. Van Gerpen, and J.Kr@hé Biodiesel Handbook.
Champaign lllinois: AOCS Press. 2005, ch. 1.

[3] AW. Schwab, M.O. Bagby and B. Freedman, “Prepamnatand
properties of diesel fuels from vegetable offsigl, vol. 66, no. 10 pp.
1372-1378, Oct 1987.

[4] C. Xu, D. I. Enache, R. Lloyd, D. W. Knight, J. Rartley and G. J.
Hutchings, “MgOCatalysed Triglyceride Transestedfion for
Biodiesel SynthesisCatal.Lett., vol. 138, pp. 1-7, May 2010.

[5] J-S. Lee and S. Saka, “Biodiesel production byrogeneous catalysts
and supercritical technologieBipres.Techn., vol. 101, no. 19 pp. 7191-
7200, Oct 2010.

[6] A. R. Yacob, M. K. A. AMustajab and N. S.SamadGalcination
Temperature of Nano MgO Effect on Base Transeitatifn of Palm
Oil”, World Academy of Science, Engineering and Technology., vol. 56,
pp. 408-412, 2009.

[7] L. Wang and J. Yang, “Transesterification of soybedl with nano-
MgO or not in supercritical and subcritical meth&yfeuel, vol. 86, no.
3, pp. 328-333, Feb 2007.

[8] M. Verziu, B. Cojocaru, J. Hu, R. Richards, C. Qilescu, P. Filipc and
V. I. Parvulescu, “Sunflower and rapeseed oil testerification to
biodiesel over different nanocrystallineMgO cattdy'&reen Chem.,,
vol. 10, no. 4, pp. 373-381, Dec 2008.

[9] J. Jitputti, B. Kitiyanan, P. Rangsunvigit, K. Buakjat, L.Attanatho and
P.Jenvanitpanjakul, “Transesterification of crudanp kernel oil and
crude coconut oil by different solid catalys@fiem. Eng. J., vol. 116,
no. 1, pp. 61-66, Feb 2006.

[10] M. K. Lam and K. T. Lee, “Application of Sulfatedntoxide in
Transesterification of Waste Cooking oil: An Optaaiion Study,in
Second International Conference on Bioenvironment, Biodiversity and
Renewable Energiesltaly, May 2011,pp. 17-20.

[11] B. Yoosuk, P. Udomsap, B. Puttasawat, P.Krasae,proming
transesterificationacitvity of CaO with hydration
technique™Biores.Techn., vol. 101, no.10,pp. 3784-3786, May 2010.

[12] M. L. Granados, D. M. Alonso, A. C. Alba-Rubio, Rlariscal, M.
Ojeda and P. Brettes, “Transesterification of Tigrides by CaO:
Increase of the Reaction Rate by Biodiesel Additienergy Fuel, vol.
23, no. 4, pp. 2259-2263, March 2009.

[13] D. j. Vujicic, D. Comic, A. Zarubica, R. Micic an&. Boskovic,
“Kinetics of biodiesel synthesis from sunflower odver CaO
heterogeneous catalyst’Fuel., vol. 89, no. 8, pp. 2054-2061,
August2010.

[14] Z. Wen, X. Yu, S-T. Tu, J. Yan and E.Dahlquist, dBiesel production
from waste cooking oil catalyzed by TiO-MgO mixed
oxides”Biores.Techn., vol. 101, no. 24, pp. 9570-9576, Dec 2010.

[15] K. Jalama, N. J.Coville, D. Hildebrandt, L.L. JelyeD. Glasser,
“Fischer-Tropsch synthesis over Co/TiGffect of ethanol addition”,
Fuel., vol. 86, no. 1-2,pp. 73-80, Jan 2007.

[16] R. Zennaro, M. Tagliabue and C. H. Bartholomew,rtics of fischer-
Tropsch synthesis on titania-supported cob@étal. Today., vol. 58,
no. 4, pp. 309-319, May 2000.

[17] B.Jongsomijit, T.Wongsalee and P.Praserthdam, “StoflyCobalt
dispersion on titania consisting various rutile;atmse ratiosMat.
Chem. Phys,, vol 92, no. 2-3,pp. 572-578, August 2005.

370



