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Li/MgO shows promise as catalyst for oxidative cracking of hexane. However, it suffers from low catalyst
activity and slight deactivation. Aiming at higher yields of C,-C, olefins during the oxidative cracking of
hexane, modification of sol-gel Li/MgO with MoOQs is reported. The influence of varying loadings of MoO3
on performance of Li/MgO during the oxidative cracking of hexane has been studied. Catalyst with
minimum MoOs3 loading (0.5 wt%) shows best yields to C,—-C4 olefins. Promotion by MoO3; maintains
higher surface area upon calcination at T> 500 °C and improves catalyst stability significantly by
minimizing surface carbonate formation.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Catalytic oxidative cracking of naphtha is conceptually an
alternative process to steam cracking. Co-feeding oxygen and
presence of catalyst facilitate cracking to occur at lower
temperatures, thus making the overall process less energy
consuming. The development of an efficient catalyst, however,
remains a challenge. The right catalyst should be able to selectively
activate the paraffin in the presence of the very reactive olefins,
thus inhibiting the consecutive deep oxidation of the product
olefins. Very little information is reported in literature regarding
catalytic oxidative cracking of naphtha range hydrocarbons. From
this information available, typically three classes of catalysts have
been tested for catalytic cracking of naphtha range hydrocarbons;
acidic catalysts (Ag-mordenite/Al,03, Cu/HZSM-5, steamed HZSM-
5), basic catalysts (CaO-SrO-Al,03, W03-K,;0-Al;,05, KVOs/corun-
dum) and transition metal oxide catalysts (Cr,03/Al,03, V-oxides)
[1]. Modification of rare earth oxide catalysts (CeO, PrgO11, Tb407)
by alkali metals such as Li and K minimized the CO, formation
during oxidative cracking [1]. Recently, we reported [2] on the
performance of Li/MgO catalyst for the oxidative cracking of
hexane. The catalyst showed reasonable activity and very good
selectivity to C,—C4 olefins (~60 mol%) at a temperature as low as
575 °C, which is much lower than temperatures used in steam
crackers (T > 800 °C). Similar to what is reported in literature for
oxidative conversion of lower paraffins (methane, ethane, pro-
pane) [3-9], in the case of hexane we proposed hexane activation
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on the Li*O~ sites of Li/MgO. The hexyl radical formed then
undergoes complex radical chemistry in gas phase in presence of
molecular oxygen, forming the product mixture of C;-Cs products,
including paraffins, olefins and combustion products.

A disadvantage of the Li/MgO is that the active sites of the
catalyst are susceptible for deactivation during reaction upon
interaction with product CO,. Stability test of Li/MgO catalyst
during oxidative cracking of hexane showed that it suffers from
partial deactivation during the first hour of time on stream [2]. This
poisoning effect of CO, on Li*O~ active sites of Li/MgO has been
repeatedly reported in literature [5,10-11]. During the oxidative
coupling of methane Lunsford and coworkers [10] reported that
reaction of product CO, with Li*O~ results with formation of
Li*CO3s~ which is most likely converted into the more stable Li,CO3
with time. In situ FTIR spectra of Li/MgO during the oxidative
coupling of methane indicated the presence of adsorbed CO,
(07-CO,) in addition to the presence of stable Li,CO5 phase [11].
Similar observations were also made by Galuszka [12]. Li,COs is
not only formed during reaction but is also an inherent property of
the catalyst as a result of interaction of ambient CO, with Li,O
during the preparation of Li/MgO catalyst [7]. FTIR spectra of
freshly prepared Li/MgO catalyst and calcined at 600 °C, showed
bands attributed to presence of Li,COs in the catalyst [13].

Unlike in the case of oxidic catalysts with redox properties [6],
sequential combustion of olefins over Li/MgO is less of a problem.
This is due to the non red-ox nature of the catalyst and its lower
oxidation capacity. Hence, olefin selectivity over Li/MgO is almost
invariant with the hexane conversion levels [2]. Lower oxidation
activity also implies that hexane conversions are lower. Therefore,
we recently investigated the modification of Li/MgO with small
amounts of red-ox promoters [2]. Our objective was to increase
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catalyst activity by possibly enhancing C-H bond scission in hexane,
which is the rate-limiting step. Three promoters were investigated:
V05, Bi03 and MoOs. Both MoOs and Bi, 03 resulted in considerable
improvements in the yields of C;—C,4 olefins, while V,05 resulted in
formation of more combustion products [2]. Promotion of Li/MgO
with Bi, 03 and MoOs oxides resulted in an increase in initial hexane
conversions as expected and a significant improvement in the yields
of olefins. Moreover, the promoted catalysts were stable probably
due to lower carbonate formation [2].

In this paper we try to understand the role of MoOs in
improving the yields of light olefins during oxidative cracking of
hexane. Our objective is to verify whether MoOs enhances C-H
bond scission in hexane and to investigate role of MoOs in
minimizing the concentration of surface carbonates. Optimization
of MoOs levels is reported.

2. Experimental
2.1. Materials

Commercially available Mg(OCH3), solution in methanol
(Aldrich, 6-8 wt% in methanol), methanol (Merck) and LiNOs
(Aldrich, assay >99.99%) were used for preparation of MgO and Li/
MgO catalysts. Ammonium molybdate (Aldrich, 99.98%) was used
as precursor for MoOs. Pure hexane (Fluka, GC assay >99.0%) was
used for catalytic experiments. MoO3 (Aldrich, assay 99.99%) was
used for TPD experiment.

2.2. Catalyst preparation

Sol-gel synthesized MgO and Li/MgO catalysts used in this
study were prepared according to the method described in [7]. A
methanol solution containing Mg(OCHs), (0.4 M) was mixed at
room temperature with another methanol solution containing
water (0.8 M) to form a sol. For Li/MgO the required amount of
LiNO3 was added to the solution to obtain ~1 wt% Li. The solution
was allowed to stay for gelation for 24 h. The gel formed was dried
at 50 °C in vacuum for 7 h, and calcined at 500 °C in air for 1 h.
Modified MoOs-Li/MgO catalysts were prepared by wet impreg-
nation of the sol-gel synthesized Li/MgO using aqueous solution of
the ammonium molybdate. The modified catalysts were then dried
at 50 °C in vacuum for 7 h and calcined at 600 °C for 5 h with a
heating rate of 5 °C/min. Under the conditions used for calcination
(600 °C) ammonium molybdate completely decomposes to MoOs,
Similarly, Mo0O3-MgO catalysts were prepared by the wet
impregnation of the sol-gel synthesized MgO.

2.3. Sample characterization

BET surface area of the catalyst was determined with nitrogen
physisorption using a Micro-metrics Tristar instrument. The
samples were out-gassed in vacuum at 250 °C for 24 h prior to
the analysis. X-ray diffraction patterns were recorded by a Philips
PW 1830 diffractometer using Cu Ko radiation, A = 0.1544 nm.
XRD patterns were measured in reflection geometry in the 260 range
between 35° and 50°. Elemental composition of Li was determined
with atomic absorption spectroscopy (AAS). MoOs loadings were
determined with X-ray fluorescence spectroscopy (XRF, Phillips
PW 1480 spectrometer). Results are presented in Table 1. MoO3
promoted samples are denoted as xMo-Li and xMo-MgO, where x is
wt% of MoOs.

2.4. Catalytic tests

The catalytic tests were carried out at atmospheric pressure
and isothermal conditions in a fixed-bed reactor. An alumina

Table 1

BET and XRF data of catalysts.

Catalyst® BET surface area (m?/g) MoO3 (wt%) 0 (%)
Li/MgO® 106

0.2Mo-Li 36 0.23 5.21
0.5Mo-Li 70 0.51 6.13
3.6Mo-Li 76 3.58 41.03
7.1Mo-Li 82 7.11 78.28
MgOP 195

0.5Mo-MgO 144 0.52 3.04
3.3Mo-MgO 178 3.26 15.82
7.9Mo-MgO 189 7.94 38.16

2 Li content in all samples is ~ 0.86 wt%.
b Calcined at 500°C.
¢ Theoretical surface coverage of Li/MgO by MoO3 assuming monolayer.

tube reactor of 4 mm internal diameter was used. The catalyst
bed (10 mm length) was packed between two quartz-wool plugs
in the alumina reactor. Powder catalyst was pressed, crushed
and sieved to particle size of 0.4-0.6 mm before use. An alumina
rod of 3 mm internal diameter was placed right below the
catalytic bed to reduce the post catalytic volume in order to
minimize homogenous gas phase reactions. A Chromel-Alumel
thermocouple inside a quartz tube was inserted above the
catalytic bed to record reaction temperature. The temperature of
the furnace was controlled by a second thermocouple placed
outside the reactor tube within the isothermal zone of the
tubular furnace.

Reactions were studied in the temperature range between 475
and 575 °C. Feed (100 ml/min) consisted of 10 mol% of hexane
vapor, 8 mol% of O, and balance helium. Before each catalytic test,
the catalysts were pretreated in 50% O,/He (60 ml/min) for 1 h ata
temperature of 625 °C. For analysis of the product, samples were
injected into two micro GCs every 5 min during a period of 5 h. A
detailed description of the experimental setup is given elsewhere
[2].

Hexane conversions were calculated on carbon mol basis; i.e.
(Cein moles — Cgoue Moles)/Cgi, moles x 100%. The carbon balance
closed between 100 and 105%. Selectivity to individual products
was also calculated based on the number of moles of carbon
contained in the products, divided by the total number of moles of
carbon in the product mixture excluding unconverted feed; i.e.
(niCi/ZniCi) x 100%.

2.5. Temperature programmed desorption (TPD)

TPD experiments were performed in the same experimental
setup used for testing the catalyst. 100 mg of samples were used.
Three sets of TPD experiments were conducted. (i) Fresh Li/MgO
and MoOs promoted catalysts; the fresh catalysts were pretreated
in O,/He at 600 °C for 1 h to decompose any MgCO; present. After
cooling the catalysts to 100 °C in He, TPD was conducted. (ii) Li/
MgO; sample was pretreated in O,/He at 600 °C for 1 h. It was then
cooled to 575 °C and exposed to 50 ml/min of 10% CO,/He for 1 h.
After purging the catalyst in He and cooling down to 100 °C, TPD
was conducted. (iii) MgO and MoOs; samples were pretreated in
0,/He at 600 °C for 1 h. They were then exposed to 50 ml/min of
10% CO,/He and simultaneously allowed to cool down to 100 °C.
After purging the samples in He, TPD was conducted. In all
experiments TPD was conducted from 100 to 950 °C (except with
MoOs from 100 to 800 °C), with an increment of 10 °C/min, with He
flow of 10 ml/min as a carrier gas. The catalyst sample was allowed
to stay at the final temperature for half an hour. The concentration
of desorbed CO, was determined with the quad micro GC (PPQ
column) every 2 min.
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3. Results
3.1. Effect of MoOs on BET surface area of the catalyst

Characteristics of the catalysts used in this study are shown in
Table 1. 0.5 wt% MoOs; promoted Li/MgO maintained higher
surface area (70 m?/g) upon calcination at 600 °C, than the
unpromoted one (15 m?/g). As shown in Fig. 1, Li/MgO undergoes
a dramatic decrease in surface area upon calcination at tempera-
tures above 500 °C. This detrimental effect of temperature on
surface area is not observed in the case of MgO. The effect of MoO3
on surface area of Li/MgO was more pronounced for 0.5 wt% and
higher MoOs loadings, as also shown in Table 1. In the presence of
MoOs the high surface areas were retained after the high
temperature heat treatment. In order to confirm the role of
MoOs in maintaining higher surface area, we impregnated the sol-
synthesized Li/MgO with water only and then calcined at 600 °C,
mimicking the procedure of MoO; impregnation. The catalyst
exhibited very low surface area (8 m?/g).

Fig. 2 presents XRD of Li/MgO and MoOs promoted catalysts. All
catalysts exhibited peaks attributing to MgO. XRD of Mo containing
samples did not show any additional peaks to indicate formation of
new crystalline phases. Hence, we assume that Mo is present as
MoOs. However, the observed shift in the peak positions in the
MoOs containing samples compared to Li/MgO, might indicate
formation of solid solutions between MoO3 and Li-MgO support.

3.2. Temperature programmed desorption

Temperature programmed desorption was performed for Li/
MgO and MoOs promoted Li/MgO catalysts. Fig. 3 presents results
of these experiments. TPD of Li/MgO exhibited a CO, desorption
peak at 860 °C which is typical for Li,CO3 [10]. The presence of
Li,CO5 (formed with CO, from ambient) is an inherent property of
Li/MgO [7,14]. TPD of the MoOs; promoted catalysts exhibited
similar Li,CO3; peak, however with lower intensity. This peak
continued to decrease with increasing MoOs; loadings. This
confirms the gradual decrease in the amount of Li,COs5 in Li/
MgO with increasing MoOs loadings. The small desorption peak
observed at around 700 °C in both 0.2Mo-Li and 0.5Mo-Li catalysts,
is attributed to desorption of adsorbed CO, from ambient on Li*O~
active sites (Li*COs ™) of Li/MgO. Li/MgO (see insert) also exhibited
similar CO, desorption peak at around 650 °C. During TPD of CO,
from Li/MgO, Lunsford and coworkers [10] attributed the CO,
desorption peak at around 630 °C to CO; adsorbed on Li*O~ sites. In
the high MoO; loaded sample (7.1Mo-Li), this was absent
indicating the influence of MoOs on suppressing all types of
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Fig. 1. BET surface area of Li/MgO and MgO at different calcination temperatures
before and after promotion with MoOs.
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Fig. 2. XRD of Li/MgO and MoOs3-Li/MgO catalysts.

carbonates. TPD of CO, of MoOs showed no significant CO,
desorption peak, while TPD of MgO showed a broad desorption
peak (MgCO3; decomposition) of CO, between 100 and 600 °C with
a maximum at 275 °C (see the insert).

3.3. Catalytic tests

The influence of varying loadings of MoOs on the performance
of Li/MgO during the oxidative cracking of hexane was investigated
in the temperature range between 475 and 575 °C. These results
are summarized in Table 2. Hexane conversions, both initial and
after 5 h of time on stream, are reported for each catalyst. Li/MgO
showed deactivation at almost all temperatures, however this was
less significant in the case of the promoted catalysts.

The addition of 0.5 wt% MoOs resulted in higher initial hexane
conversions than Li/MgO at almost all temperatures. This was less
significant at 575 °C due to complete oxygen consumption. In
addition, both at 475 and 525 °C, the catalyst exhibited higher
selectivities to C,—-C4 olefins than the unpromoted Li/MgO. Both
3.6Mo-Li and 7.1Mo-Li catalysts exhibited higher initial conver-
sions than Li/MgO at 475 °C. However, at 525 and 575 °C these
catalysts showed high activity for oxygen conversion but not for
hexane. As compared to 0.5Mo-Li, catalysts with higher MoO3
loadings, 3.6Mo-Li and 7.1Mo-Li, resulted in low selectivity to Co—
C4 olefins. This was mainly due to formation of more of combustion
products, in addition to the formation of significant amounts of Cg
products in the case of 7.1Mo-Li catalyst. Thus at all temperatures,
best yields were observed with 0.5Mo-Li catalyst. 0.2Mo-Li
showed almost similar initial hexane conversions as Li/MgO,
however, exhibiting better stability during time on stream.

Fig. 4 shows the selectivities to different products at 575 °C for
the catalysts Li/MgO, 0.5Mo-Li, 3.6Mo-Li and 7.1Mo-Li, at a similar
hexane conversion of 10 mol%. Hexane conversions were main-
tained by varying WHSV. Both 3.6Mo-Li and 7.1Mo-Li catalysts
resulted in formation of more of combustion products, while
0.5Mo-Li showed similar selectivities as Li/MgO. Significant
formation of Cg products was observed in the case of 7.1Mo-Li
catalyst. The formation of Cg products, although not clearly
identified by the micro GCs, suggests the occurrence of dehydro-
genation reactions in the case of 7.1Mo-Li catalyst.

In order to investigate further the role of MoOs on activity and
to explore the ability of MoOs in C-H bond scission, we compared
rates of hexane conversions of MoOs-Li/MgO catalysts to those of
Mo0O5-MgO. Fig. 5 shows rates of hexane conversion normalized to
the surface area of each catalyst. Promotion of MgO with MoOs did
not result in any improvement in rates of hexane conversion.
Moreover, in the case of Li/MgO we observed a decrease in rates of
conversion with increasing MoOs loadings.
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Table 2

Performance of Li/MgO and MoOs-Li/MgO catalysts during oxidative cracking of hexane (Reaction conditions: 100 ml/min, 10% hexane, 8% oxygen and balance He.

WHSV=15.4h"").

T (°C) Conversion (mol%) Selectivity based on C (mol%)? Yields (mol%)
CeH14 0, COx -G G-CG Ce G -G
Initial After 5h After 5h
Li/MgO 475 4.26 419 38.80 82.47 2.80 14.77 - 0.62
525 20.29 11.80 42.67 52.07 7.31 40.62 - 4.79
575 40.01 28.35 65.19 24.55 14.77 60.66 - 17.20
0.2Mo-Li 475 6.36 5.60 38.82 82.77 2.45 14.78 - 0.83
525 19.70 16.78 77.52 54.91 6.35 38.74 - 6.11
575 40.67 39.69 99.56 28.21 12.88 58.90 - 23.38
0.5Mo-Li 475 10.72 10.65 56.04 64.17 5.43 30.40 - 3.24
525 23.21 22.05 76.29 46.95 5.93 47.12 - 8.98
575 40.40 38.51 99.72 28.09 11.69 60.22 - 23.19
3.6Mo-Li 475 12.12 11.17 91.70 84.38 417 11.45 - 1.28
525 16.64 16.53 99.57 63.79 3.35 32.86 - 5.43
575 24.03 23.12 99.59 47.29 6.97 4574 - 10.57
7.1Mo-Li 475 12.51 12.02 96.42 58.96 21.58 542 17.18 0.65
525 13.45 13.02 99.58 61.22 5.87 11.69 21.22 1.52
575 20.38 19.07 99.60 48.43 6.73 24.60 20.16 4.69

2 Selectivities after 5h of reaction.
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Fig. 4. Selectivity to products based on C at hexane conversion of 10 mol%. Oxygen
conversions = 35 mol% (Li/Mg0O), 36 mol% (0.5Mo-Li), 43 mol% (3.6Mo-Li) and
53 mol% (7.1Mo-Li). Reaction conditions: 100 ml/min total flow, 10% hexane, 8%
oxygen and He balance, T =575 °C. WHSV = 154-385 h~1.

4. Discussion

Oxidative cracking of hexane over Li/MgO, similar to oxidative
coupling of methane [3] and oxidative dehydrogenation of lower
paraffins over the same catalyst [4-8], is a heterogeneously
initiated homogeneous reaction. We have proposed earlier [2] that
hexane activation occurs on the catalyst surface via the Li*fO~
defect sites, where O~ abstracts hydrogen from a secondary carbon
atom. However, we have also shown that active sites of the catalyst
are susceptible for partial deactivation as result of interaction with
product CO,. We have reported earlier [2] that promotion of Li/
MgO with small amounts of MoOs brings considerable improve-
ment in the yield of C,-C4 olefins.

In order to further understand the function of MoOs in
improving yields of olefins during the oxidative cracking of
hexane, we investigated the influence of varying loadings of MoO3
on the performance of Li/MgO. Amongst all catalysts, only 0.5Mo-Li
brought considerable improvements. Li/MgO promoted with
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0.5 wt% MoOs exhibited higher initial hexane conversions than the
unpromoted catalyst. This led to better selectivities to Co-C4
olefins, especially at 475 and 525 °C, mainly due to increasing the
ratio of homogeneous gas phase to heterogeneous surface
reactions. We reported earlier that gas phase reactions are more
selective while interaction of intermediate radicals with surface
02~ sites of the catalyst leads to complete oxidation and CO,
formation [2]. However, increasing MoOs loadings, i.e. above
0.5 wt%, influenced the performance of Li/MgO negatively, as result
of unselective combustion reactions which competitively con-
sumed the oxygen in the reactant mixture, limiting hexane
conversions. We have reported earlier on the significance of
oxygen in increasing rates of hexane conversions [2]. In addition to
combustion reactions, in the case of 7.1Mo-Li activity for
dehydrogenation reactions has been as well observed. Generally,
molybdenum based catalysts are extensively studied in literature
for the oxidative dehydrogenation of C,—C,4 paraffins [15-17]. Mo-
MgO catalysts are reported as selective catalysts for dehydrogena-
tion of propane and butane [18-19]. We suggest in the case of
7.1Mo-Li catalyst, the subsequent interaction of hexyl radicals
with MoOs, where the later abstracts a second hydrogen atom
resulting in dehydrogenation.

Since promotion of MgO with comparable MoOs3 loadings as in
Li/MgO, did not bring any considerable improvements in rates of
hexane conversions (Fig. 5), we suggest that in our catalysts MoO3
does not enhance C-H bond scission in hexane. Yoon et al. [20]
reported that catalyst with excess Mo on MgO exhibited
reasonable activity during oxidative dehydrogenation of propane.
Similarly, Oganowski et al. [21] reported for dehydrogenation of
ethylbenzene to styrene over Mo-MgO catalysts, that catalysts
containing excess of MoO3; on MgMoO, are most active. Vrieland et
al. [22] reported that optimum catalyst for non-oxidative
dehydrogenation of butane to butadiene consists of 15-25% of
MoOs3. Most probably the MoOs3 loadings in our catalysts were too
low for effective C-H bond scission in hexane.

In comparison to Li/MgO the improved initial hexane conver-
sions with all catalysts at 475 °C, and at 525 °C with the 0.5Mo-Li
catalyst (Table 2) is explained mainly by the higher surface area of
the promoted catalyst. As shown in Fig. 1, Li/MgO undergoes a
detrimental decrease in surface area upon calcination at tempera-
tures above 500 °C. Since this is not observed in MgO, we believe
that sintering of Li/MgO is enhanced by the presence of Li,COs.
Li,CO5; makes the catalyst susceptible for sintering at calcination
temperatures above 500 °C [23]. It was reported by Trionfetti et al.
[7], that during the sol-gel synthesis of Li/MgO only 40% of Li
incorporates into MgO and the rest stays behind as Li,O which

interacts with ambient CO, to form Li,COs. BET N, physisorption
results in Table 1 show that an optimum MoOs loading of 0.5 wt¥% is
sufficient to maintain high surface area upon calcination at
temperatures above 500 °C. The higher surface area of the MoOs3
promoted catalyst most likely is attributed to the role of MoOs in
minimizing these carbonates. The gradual decrease in CO,
desorption peak area due to Li,CO3; with the increase in MoO;
loadings, as observed from TPD experiments (Fig. 3), confirm the
presence of less Li;CO3 in MoOs promoted catalysts. These results
suggest the possible interaction of MoO3 with Li,CO3. XRD (Fig. 2)
of MoOs promoted Li/MgO showed a shift in the peak positions
compared to Li/MgO, which might indicate the formation of solid
solutions between MoOs; and Li-MgO support. However, no
additional peaks indicating the presence of new phases were
present. Raman spectroscopy and temperature programmed
techniques will be useful to identify, as function of Mo loadings,
the nature of interaction of Mo with the support, thus the phases
present. These studies are currently in progress.

Further as reported earlier by us [2], the significantly higher
yields of olefins after longer time on stream in the case of 0.5Mo-Li
catalyst is result of the better stability of the catalyst in comparison
to Li/MgO. This illustrates the role of MoOs3 in minimizing the
adsorption of product CO, during reaction on Li*O~ sites of Li/MgO,
thus preventing the poisoning of the active sites.

Our results indicate that during the oxidative cracking of
hexane, a minimum loading of MoO3; (~0.5 wt%) on Li/MgO is
sufficient to modify the catalyst, maintaining both higher surface
area and better stability, hence leading to improved yields of C;-Cy4
olefins. Despite of the improvement of Li/MgO catalyst by
promotion with MoOs, we speculate that MoOs blocks some of
the Li*O™~ active sites in Li/MgO. This suggestion is based on the
observed decrease in rates of hexane conversion normalized to
surface area in the promoted catalyst as compared to the
unpromoted one. This is currently under study.

5. Conclusion

The influence of varying loadings of MoOs on the performance
of Li/MgO in oxidative cracking of hexane has been studied.
Catalyst with 0.5 wt% MoOs loading exhibits optimal yields of Co—
C,4 olefins. This is a result of improved hexane conversions both
initially as well as after time on stream, and of improved
selectivities to olefins. Increasing MoOs loadings influences yields
of olefins negatively as result of increasing combustion, as well as
increasing yields of Cg products in the case of 7 wt% MoOs. The
results also indicate that, during oxidative cracking of hexane,
promotion of Li/MgO with 0.7 wt% and lower MoOs loadings does
not enhance C-H bond scission in hexane. Apparently these
loadings are too low for the catalyst to act as an effective
dehydrogenation catalyst.

We conclude that promotion of Li/MgO with a minimum
loading of M0oOs of around 0.5% is sufficient to bring the following
advantages; (i) minimize the amount of Li,CO5 originally present
in Li/MgO, thus promoting the catalyst to maintain higher surface
area upon calcination at 600 °C, and (ii) prevent the poisoning of
the Li*O~ by product CO, during reaction, improving the stability
of the catalyst.
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