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= XRD % NH;-TPD 0% 545 WAt Al 7K 545 A8k & MoOy7F 7P 32 84S Hoj3le
], Wkl AL FHule] ko] 7% w) vlo] rAlZ o] o] 71 ot e, whS-Ee] A7k B2 ol or]
AR AgHgo] FAaE St Mo0;9}F SnO,7F £31 FHlel|AE Sn0,9F Mo0,°] £3H]&o] 5:5¢ wf 7P w2 &
S Jergiglon, Ce0,7F A7k o] 79 H7HE Ce0,2] 7K 20% 4wl 7 =S B4IS Lehith
B3k o] 5] B FuliE2] AMRle Wt dRAlE BolFlth. At EE o] 88 WESelA= oF 30% o vie]
QriARe] HgHgo] Fhaslqltt.

Abstract — The production of biodiesel by transesterification of soybean oil was performed on MoO;, SnO, and CeO,
mixed oxides. The catalysts were characterized using XRD and NH;-TPD. MoO; showed the highest activity among the
three metal oxides. When 7 wt% of catalysts was introduced into the reactants, the highest activity was obtained and the
water added to reactant decreased the catalytic activity. MoO; and SnO, mixed with 50:50 showed the highest activity
and CeO, added with 20% on the MoO;-SnO, mixed oxide also showed the highest activity. The catalytic activity
showed to have a good relationship with the amount of acid site of catalysts. When the waste soybean oil was used as a
reactant, the conversion was decreased about 30%.
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Fig. 1. X-ray diffraction patterns of MnO,-SnO, oxides(a) and MnO,-
Sn0,-CeO, oxides (b).
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Fig. 2. Ammnia-TPD profiles of single metal oxides.
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Fig. 3. Ammnia-TPD profiles of MnO,-SnO, oxides (a) and MnO,-
Sn0,-CeO, oxides (b).
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Table 1. Activity of metal oxides as heterogeneous catalysts for biodiesel

production
Catalyst Catalyst weight Reaction Conversion (%)
- %) temperature (°C) 2 hr 4hr
MoO; 3 125 474 784
> 125 65.5 97.8
’ 125 787 978
10 125 715 _
SnO, 7 125 16
CeO, 7 125 0.75
801 water(x)
Water (0.5%)
60 - Water (0.75%)
< Water (1%)
=}
g Water (2%)
% ® Water (4%)
© Water (6%)
20 -
0

Input water ratio (3% MoO3, Reaction for 4hr)

Fig. 4. Conversion to biodiesel with different water amount of the feed
on MoOj catalyst(reaction temperature=125 °C, reaction time=4
h, catalysts amount=3 wt%).
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Table 2. Activity of MoO;+SnO, materials as heterogeneous catalysts
for biodiesel production

Catalyst ~ Mole ratio temiiifﬁlr?(oq Con+:n(/)
MoO;+8n0, 100:0 125 787
75:25 125 88.0
50:50 125 999
60:40 125 943
40:60 125 747
2575 125 66
0:100 125 16
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Fig. 5. Conversion to biodiesel with different calcination condition
on MoO;+Sn0, (50:50) catalyst a) without calcination, b) mixed
at first and then calcined at different temperature and c)
calcined at first and then mixed (reaction temperature=125 °C,
reaction time=1 h).
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Fig. 6. FT-IR spectra of used MoO;+SnQO, (50:50) catalyst after 1 h
reaction; a) mixed at first and then calcined at different
temperature and b)calcined at first and then mixed(reac-
tion temperature=125 °C).
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Table 3. Activity of MoO;+Sn0O,+CeO, materials as heterogeneous
catalysts for biodiesel production

Catalyst Mole ratio tem]l;;z(t:ttllr(::n(" ) W
Mo0O;+Sn0,+CeO,  50:50:0 100 36.2
45:45:10 100 40.2
40:40:20 100 428
35:35:30 100 39.9
30:30:40 100 374
25:25:50 100 35.7
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Fig. 7. Conversion to biodiesel from soybean oil and used oil on var-
ious catalysts a) MoOj catalyst, reaction at 125 °C for 4 h, b)
Mo0O;+Sn0, (50:50) catalyst, reaction at 125 °C for 2 h, and c)
MoO;+Sn0,+CeO, (40:40:20) catalyst, reaction at 100 °C
for 4 h.
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