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Abstract:

condition to observe activity at low temperature.

Our last INS experiments helped us to successfully develop the CeNiHZOY oxyhydride compound, an exceptional catalyst
that totally converts ethanol (biomass) at room temperature and produces H2 in the presence of water and oxygen. H2 is
produced from ethanol in a sustainable way by taking advantage of the chemical energy brought by the reaction between
hydride species from the nano-oxyhydride catalyst and O2. (Angew. Chem. Int. Ed. 50 (2011) 10193)

In the present study we wish to analyze Mg-Al-Ni hydrotalcite type catalysts that present also very high catalytic activities
for the production of hydrogen from ethanol. It is therefore very interesting to study the existence and nature of hydrogen
species that can be inserted into these solids after treating in H2. As a matter of fact the activation in H2 is a prerequisite




Analysis by INS of hydrogen speciesin Mg-Al-Ni based mixed oxides

In our laboratory, it was shown that some matepaésenting very good
catalytic activities such as cerium and nickel basexed oxides are able to
store very high quantities of catalytic hydrogehisiphenomenon was related to
the presence of anionic vacancies allowing hydispecies formation and
storage. Inelastic neutron scattering (INS) wasl isabtain information on the
nature of hydrogen speci&s.H, treatment modifies the peaks related to
hydroxyl groups (H) and generates the emergence of new peaks. ioyart a
large band at about 480 ¢nis observed on the Hreated solids, due to the
insertion of hydride species (lHThese experiments helped us to successfully
develop the CeNikDy oxyhydride compound, an exceptional catalyst that
totally converts ethanol (biomass) at room tempeeaand produces Hn the
presence of water and oxygerMg,AlNixOy catalysts present also high
catalytic activities for the production of hydrogéom ethanol. It is therefore
very interesting to study the existence and natfireydrogen species that can
be inserted into these solids after treating inA$ a matter of fact the activation
in Hy is a prerequisite condition to observe activitjoat temperature.

Experimental

The MgAINixOy mixed oxides were prepared by co-precipitatiomedir
and calcined in air at 500 °C during 5h. For eagteament, 36 g of solid were
placed inside inox steel container, and the treatrapplied in H (10 h) was
performed using high purity gas. INS-experimentseaearried out at 10 K at
the IN1 Lagrange.

Results and discussion

The MgAINixOy compounds have been analysed after treatment in
vacuum (200 °C, 2h) and after treatment ip &l 450 °C. Some hydroxyl
groups are present in the compounds after calomaind pumping in vacuum,
as shown Fig. 1 presenting the INS spectra of tggANNi Oy compounds after
treatment in vacuum at 200 °C. The spectrum leeeltehses with the increase
of Ni content. It appears that in the oxidizedest#he concentration of hydrogen
decreases when Ni content increases. When x = §;AlIMi ;Oy compound) the
spectrum is complex, broad and large with main gpestkabout 645 chand
822 cni, while when x= 3 the peaks are found at 423 @md 641 c. When
x= 12, peaks at 419 ¢m560 cnt and 640 cil can be reported. It is clearly
seen that the broad peak at about 822 detreases drastically when Ni content
increases. Therefore, it appears that two peakbait 420 ci and about 640
cm™* are present on all the compounds but the peaRGatdi' seems to increase
with Ni content, while the peak at about 640 teeems to decrease when Ni
content decreases.
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Figure 1: INS spectra of M4INixOy treated in Figure 2: INS spectra of M4INixOy treated in
vacuum at 200 °C. x = 1 (blue), x= 3 (green), andL.R H, at 450 °C. x = 0 (black), x = 1 (blue), x= 3
(red). (green), and x= 12 (red).

After treatment in Kl at 450 °C, the INS spectra of the MNix Oy
compounds vary, showing modification of the commsinExceptionally, the
spectrum level of the M@INi;Oy compound decreases showing that the solid
contains less hydrogen after treatment mn(Fg. 3), certainly due to a loss of
hydroxyl groups at 450 °C. The spectrum presenis m@aks at 420 ch and
640 cnt, while when x= 3 the peaks are observed at 418, &4d 927 ciand
when x= 12, peaks at 419, 641 tman be reported. For comparison the
Mg.AlOy presents two peaks at 423 tand 645 cii. Therefore, all compounds

present common peaks at about 420" amd 645 criirelated to the presence of
MngIOY
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Figure 3: INS spectra of M4INi;Oy treated in Figure 4: INS spectra of M§INixOy treated in

vacuum at 200 °C (2h) (black) and treated aH450 H, at 450 °C. x = 3 (green), and x = 12 (red). (INS

°C (red). spectrum of the solid treated in vacuum at 200 °C
is subtracted).

For better visualisation of the new type of hydmogpecies inserted into
the solids in H at 450 °C, the spectrum obtained with the corredpm
compound in the oxidized state is subtracted tosgrertrum obtained over the
H, treated solid (Fig. 4). The MAINi ;Oy solid presents clearly two new peaks
at about 927 cih and 1140 cm related to newhydrogen species. The



Mg.AINi 1,0y compound presents a very broad peak at aboutm80Itseems
also that there is a small common new peak at abe0tcm’ for the two
compounds.

Finally, INS experiments allow to clearly evidertbat the MgAINi xOy
mixed oxides contain hydrogen species after caionandin situ treatment in
vacuum at 200 °C. These hydrogen species corresfmrg/droxyl groups
present in the nano-compounds. Moreover, the teatim H at 450 °C leads
to an insertion of new hydrogen species into tHels@nd the MgAINi Oy
nano-compounds (with x > 1) are transformed intaorexyhydrides. These
nano-oxyhydrides contain hydrogen species of hgdndhture as well as
hydrogen species related to hydroxyl groups.
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