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_ ABSTRACT. .

Sulphated zirconia was synthesized using different volume of sulphating agent in order i
optimise its catalytic property: (1) in the first case the “conventional” 15 ml H2504 to 1g of
Zr(OH)4 for impregnation was used in wet-precipitation method and the catalyst
designated ‘wp’ and (2) same procedure but with modification in volume of acid; 2 mi of
H2504 was used for 1g of Zr{OH)4, ‘mwp’. The properties of the uncalcined and caicined
catalysts were examined by various techniques: EDX, XPS, XRDP. Py-DRIFTS and BET nitrogen
adsorption techniques. The sulphur content in the uncalcined (‘mwp’ and ‘wp’) catalysis
was the same; 0.07 mol each whereas the calcined catalysts were 0.07 miel and 0.05 miol
for ‘'mwp’ and ‘wp’ respectively. BET surface area was determined to be 65.0 m2/g for wp
and 101m2/g for ‘mwyp’. The effect of the variation of sulphating ageni on the catalyst
activity was investigatéd in catalytic cracking of triglycerides for fatty acid methyl esters.
Sulphated zirconia from the modified conventional method was found to perform better
than the conventional wet-precipitated sulphated zirconia. Furthermore, ‘mwp’ retczines!;‘!
approximately 74 % of its sulphur conient after 3 h reaction whereas ‘wp’ catalyst ic-)'sf.l OO%
during the reaction as indicated by SEM-EDX. Interesting the resulis show variation in
characterization and in their selectivity to different types of fatly acid meihy! esters unders#hg
same reaction conditions. The ‘mwp’ catalyst showed higher catalytic activity for methyl
sster yield of 40 % as well as higher selectivity for saturated methyl esters

Keyweords: Conventional method; Sulphated zirconia; Characterization; Saturated
Catalytic cracking; ‘ .
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a. Results and discussion

The XRD ‘Measurement revegled the phase composition of the two sulphated zirc_onios
{'mwp’ and ‘'wp') as crystalling; the wet-precipitated sulphoted zirconia (’.wp’) was
tetragonal in nature, inieresﬁngiy the maodified wet-precipitated sulphoted zirconia (‘mwp’)

exhibited not only the characteristic peaks of tetragonal phase but in addition, monoclinic
ZrO2 phase as shown in Figure 1.

‘nterestingly, the XRDP diffrcxc'rogrcl"ns of uncalcined
mwp’ and ‘wp’ catalysts were amorphous. This shows the effect of calcinations temper C;*:JP: :
on the catalysts as earlier observed by Farcas iu et al. (1997.)- The qppearanC:{of; and !
monoclinic phase in ‘mwp’ which is absent in ‘wp' is obviously an important ObST?I:YOM'mS also F‘
is due to the difference in the volume of sulphate used during the Pfepﬂmi':;“} - ':2 L
reported by Farcas iu et al. {(1997). Their crystallite size was 17.51‘ Eiho!

‘mwp’ and ‘wp’ respectively.
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of oxide ':A-xygi.—“:n'cs showrn in Figure 7. 7]

[phur content in bath uncalcined Folrivn

had 0.07 mol and 0.05 mel of SU!phUr');:i
A

it the pe 3
ccen that the peak at 532 4 ey showing 1

eV and 530.4 av

respectively. This ind
i ‘v pectively. This indicaies 50%

had 42 % sulobe
ie EDX alsg | r,-)L 1 % sulphate oxygen ond 58
5C Indgicate equal of
('mwp’ and ‘wy' quai omount of 0.67 mol
w ‘f‘ : W,p)whereus the calcined catalysts
-ed to : he supl hori il respe.divdy' From Figure 2, it is
surtace p cata i ' Y ot m
has not been repoﬁec},si:’; - ;(_E’O’rure exhibited in ‘mwp’ is an :mporfi;;ef igffrfglfzioont;hi
spectra are similar with Cllny terature to the best of our knowledge. However fhenS 20
il ograa i Wit:?_!c. h other and showed that the sulphate species are 56+ of 5042-p.
both catalysts e R ino etal. (2 006). The infrared specira of the adsorbed pyridine on
and 1450 cm:'l fy ed. ands characteristics of Brénsted and Lewis acid sites at 1540 cm-1
otalyeriie spectively. .ﬂowever the ‘wp’ has more Lewis acid site as revealed on the
le)’ ’r’ o) C}nd less :)f Brénsted acid sites (25%). The reverse is the case with the ‘mwp’
C Sk ) ~fRps T .
% ﬂ']y d, ap(;)roxuma’reiy 54% of Bronsted acidity wos observed, despite lesser amount, same
ethod and same source of acid used for impregnation.
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Figure 2 XPS specira of O 1s of 'mwp' and 'wp' catalysts

esult: the ‘mwp’ not only has Brénsted acid sites but about 8% more
cid site. We also observed that despite the large difference in L
d used during preparation; approximately 1:8 for ‘wp’ and va o
‘mwp’ respectively, the same mole of sulphur was retained on the surface of the gel before -
calcinations. interestingly, the ‘mwp’ retained its sulphur content after calcination, but il
lost 29%. Apparently, iherefore, there was no reduction of sulphate during
treatment (i. e. calcination) of the ‘mwp’. This goes further to confirm Inic

modification in preparation.

This is an interesting
than its counterpart, Lewis @
the amount of sulphuric aci

‘The BET surface areas were 65m2/g, and 101m2/g, for ‘Wi
sulphate on the surface of the uncalcined catalysts was mo
-analysis (TGA). The ‘mwp’ experienced a greater sulphate.
(0.11mol). This no doubt confirmed the presence of mo
formed on the surface of ‘mwp’ catalyst during
des with a conversion of 59 % and 47 % after 3
was ‘mwp’ conversions greater, it exhibited
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Figure 3 FA_\MEs pr9fi|e showing saturated, mono and poly unsaturated methyl ester
‘We found interestingly the fatty acid methyl esters profile was more selective for saturated

methyl esters compared to unsaturated as seen in Figure 3. In addition there was. higher
d acid sites in both

yield of the saturated methyl esters with ‘mwp’ the presence of Bronste
catalysts enhanced its catalytic activity and much more is the ‘mwp’ catalyst which obviously
is attributed to the reduced amount of sulphate used during preparation compared to other

authors (Yadav and Nair, 1999; Davis et al., 1994; AYamag.UCh‘i.-,»v»‘-]?‘??O)‘- Who.ﬁépgﬁed” i
sulphated sirconia catalyst as

having only Lewis acid sites. Furthermore, the ‘wp’ was: .

observed fo suffer severe leaching during testing of their catalytic activity. Anqusis;,f?sh‘ow:,;
‘wp' lost 1 00% of its sulphur content aofter 3 h of reaction whereas ‘mwp’ l‘oéf'bh!y ] A

Lt )R weight percent of sulphur on the regenerated ‘wp’ catalyst was 0 wi%,

2.6%“:17’ E
whilethat
of ‘mwp’ catalystwas 3 29 wi% as indicated by EDX e

1. CONCLUSIONS - s ; AT

g |

ent used during preparation led to ;
that exhibited different properties in terms of specific surface areas, acid
sites thermal stability and surface sulphate. Both catalysts were.catalyﬁcally active lfor
- erides cracking for fatty acid methyl esters in a catalytic reaction. The ‘mwp’ cata yst
1 L ' des and higher FAMEs yield,

was more active with higher conversion of triglyceri s yie
approximotely 40% dfter 21/4 h, as compared to the conventionally wet-precipitation -

method (27%)- The selectivity towards saturated esters could only be explained by the
higher activity of ‘mwp’ which is as a result of the presence of higher sulphate on "fhe surfafe
of the catalyst as revealed by the XPS and EDX studies as well as the creased Bronsted acid.
site. The activity and selectivity of both catalysts for caturated esters is an advantage an
could be of interest. We can safely conclude that the conventional wet-precipitation method

if modified by reducing the “conventional” volume'(lﬁ ml) of sulphating acid could be n
to synthesized active sulphated sirconia catalyst with improved surface area and increased
Bronsted acid site for higher catalytic activity. importantly we pbserved in th
consequently agree with katada et al. (Z 000) that excess sulphating agen anic

acidity. Therefore, the conventional wet-precipitation method is s

'{i'ne variation in the volume of the sulphating ag
sulphated zirconias
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