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According to the project proposal, in the stage 1V/2015 of this project the following objec @ W
approached and solved:

O1/ Identification of parameters affecting the physico-chemical properties of non-n I (Co
and Ni) nanoparticles supported on SBA-15mesoporous silica.

Al.1. Preparation of CoNi/SBA-15 materials by MDI method.
Al.2. Preparation of CoNi/SBA-15 samples with various M1:M2 ratios

In this stage, taking into account the previous results, our studies have been extende e deposition of
cobalt and nickel bimetallic nanoparticles on mesoporous silica supports o A-¥5 type with optimized
textural properties. SBA-15 used as support was calcined under controlled te ure then stored under
controlled humidity till preparing supported catalysts by MDI method. The metal lofding degree was 5 wt.
%. In this tage, our studies were directed towards the preparation of m tallic Co/SBA-15 and
Ni/SBA-15 (Activity Al.1), then towards the effect of mass ratiosﬂl:M (M1 = cobalt, M2 = nickel;

M1:M2 = 8:2, 5:5, 2:8; M = 5 wt %) (Activity Al.2) on the phygc emical properties of bimetallic
CoNi/SBA=15 systems.

Cobalt and nickel nitrates were used as metallic precursors. SamMilned by MDI method were dried at
25 °C for 48 h then calcined at 500 °C (heating rate of 1.5 °C/gin, 6 h at¥inal temperature).

02/ Advanced characterization of CoNi/SBA-15 materi
A2.1. Characterization of CoNi/SBA-15 samples in i

A2.1. Characterization of CoNi/SBA-15 sample
composition

After calcination, CoNi/SBA-15 material
texture, bulk and surface chemical composk ptical properties and electronic structure, by various
techniques as: ICP-OES, EDX, DRX (small a

Selection of the most significant result

ir structural and textural properties
sjon to the bulk and surface chemical

Table 1 collects the data obtained from Shemical Binalysis and XRD at small and large angles. According to
the ICP-OES analysis, the mass pergas les of CoNi/SBA-15 type are close to the calculated ones,
both in terms of the amount of mg ative to support, and mass ratios between the two metals. Figure 1
illustrates the diffractograms reg at small angles (Figure 1A, B) from which the degree of ordering of
ith metal oxides, was evaluated.

All the diffractograms sho
materials with cylindrical
of ordering at long rang géod, as it is proved by the presence of (210) and (300) diffraction planes at
2 theta between 2 and@ J
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Fig. 1. XRD patterns at small angles (A,B) and large angles (C) for calcined samples of
CoNi/SBA-15 type.
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On the"pasis of these diffractograms, the values of interplanar distances, dig, and unit cell parameters, ao,
(Table 1) were evaluated, which are in agreement to the previous published data [1]. As general remark, on



observes that the values of these parameters are slightly diminished after loading of SBA-15 support by Co
and Ni nitrate precursors as consequence of the presence of metal oxide particles inside the support
The identification of oxide phases obtained by calcination of the deposited precursors (by MDI g€
SBA-15 surface was realized on the basis of diffractograms registered at high angles, between 20%as
(Figure 1C). The diffractograms for monocomponent samples of Ni/SBA-15 (CoNiOl) a

(CoNi10) type show diffraction peaks corresponding to the oxide phases of NiO type (ICDDRQ4 and
Co030,4 (ICDD 042-1467), respectively. By applying Scherrer’s equation the average size Q llites
were evaluated (Table 1), which is very close of the value of mesopores diameter sugg nement
of NPs inside the pores. In the case of samples containing predominantly Ni or Co Ni28 and
CoNi82, respectively), the identified crystalline phases correspond to the main el or CoNi28

sample, the diffraction peaks correspond to NiO phase, while for CoNi82 sample t
of Co30, type.

Tabel 1. Structural properties and chemical compositions of SBA-15 suppo
CoNi/SBA-15 materials.

The difractogram of sample with similar content of

Sample ICP XRD small angles XRD lar
Co Ni dioo® a’ Dcosos” | Dnio” ;
wt. % | wt. % | (nm) (nm) (nm) (nm)/ (hm)
SBA-15 - - 9.9 114 - - -
CoNi0l | - 494 | 93 10.7 - N -
CoNi28 | 0.98 4.63 9.4 10.8 - 7.9 -
CoNi55 | 272 | 309 | 94 108 R 10.4
CoNi82 | 5.29 1.66 9.4 10.8 1.1 - -
CoNil10 | 5.21 - 9.7 11 3.7 - -

%y interplanar distances; Pa; = 2dy0/V3. ‘crystallite siz

K(MB)cosb.

shifted towards small values, by comparison to pure
crystalline phase. On the basis of quantitative analysis,
NiCo0,0,4 type (see also ICDD 20-0781). Th
migration of Ni atoms in the octahedral sit
distributed between the octahedral and tetrahe

The porosity of these materials was

y se was identified as belonging to the spinel of
i could be asserted that such mass ratio favors the

luate
could

itrogen physisorption. The registered isotherms are

collected in Figure 2A. As first remark,

H1 type, typically for SBA-15 mesg

having maximum at 8.0 nm. It is
the samples containing metallic

associated with the formation of ne
pores are formed by partial blocki

i

noted that the isotherms are of type IV with hysteresis of

aterials. Size pores distribution (Figure 2B) is narrow

ing to observe the fact that the desorption branch corresponding to
shows a slight delay in closing the loop, phenomenon generally
aesopores of ink-bottle type. As previously shown [3, 4], such type of

of“the main pores with nanoparticles having similar diameter to the

onfinement” of nanoparticles. As consequence of such blocking, a new
and 6.7 nm (for the rest) appeared. This maximum is becoming sharper
n the sample.
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. Nitrogen adsorption-desorption isotherms (A), pores size distribution curves based on NL-DFT method (B), CPV (C) and t-plot (D) for
calcined samples of type CoNi/SBA-15 and SBA-15 support.

By apptying of the specific algorithms, the values of textural properties were evaluated and collected in
Table 2. As expected, the values corresponding to the samples loaded by metallic oxides are lower than



those corresponding to SBA-15 support. Another interesting aspect consists of the modification of the values
of pores volume and surface. Mainly, this is attributed to the additional porosity developed in silica walls
during synthesis of SBA-5, when the polyethyleneoxide branch of P123 located outside of £
micelles will be surrounded by silica network and captured within silica structure. By calcina
organic moieties are destroyed and such a secondary micro- and mesoporosity will form [5]. secty
porosity can be evaluated both by t-plot representation (Figure 1D) and by means of cuniul lume
(cumulativ pore volume-CPV, Figure 1C).

Table 2. Textural properties of SBA 15 support and calcmed CoNi/SBA-15 materials.
SBET Smezo S ¢ f V ¢ Dp
(m’.g?) | (Mg | (m?g?) | em’g?) | emig? | (m)

SBA-15 858 194 195 1.34 0.090 8.0

CoNi01 616 530 103 0.91 0.043 7. 3 8.0
CoNi28 608 533 91 0.93 0.035
CoNi55 619 546 106 0.93 0.042
CoNi82 720 638 140 1.07 0.059

CoNi10 760 676 186 1.08 0.082
3Sger = specific surface evaluated by BET equation (P/Po = 0.1-0.25). "Spezo = meso
evaluated by t-plot; °S, si °V, = pore surface and volume evaluated by t-plot; %k = pore

volume evaluated at P/Po 0 97 Dp = pores diameter evaluated by NLQRFT met pplied for
cylindrical pores. N
Comparing the results obtained by the two methods, it observes g certain inC@agruity among them (Table 3).

metallic oxides are greater than those

Sample

attributed to the forming of supplementary porosity in oxific @gstallites resulted by calcination of nitrate
precursors. It is interesting to mention that this suppleme
of Co304 than in the case of NiO. This aspect is veryg certain applications, e.g. catalytic and

S V
Sample prt]r’;eoretlcal m;24 NPi
SBA-15 ( 19% ! ( 0g :
CoNi01 86 0.007
CoNi28 75 0.007
CoNib55 73 0.012
CoNi82 82 0.022
CoNil0 0.044

The morphology of oxide NPs, as vigh
of bicomponent samples, TEM was

chemical composition of thage a%articles. TEM images show the localization of polycrystalline oxide
particles as nanorods insiie o es. Though nor external localization was observed for all the samples,
however it could be ol ved a Mlecrease of particles distribution inside of pores as the cobalt content
ons can be identified. The first one belongs to the sample containing only

increases. Thus two efgemeNtu
nickel, when the oxide artcles are rather uniformly distributed within support porosity, whereas the
second extreme ,belongspto the sample containing only cobalt, when relatively large patches could be

identified (Figur , Confirming thus the results from previous stages of this project. In the first case, the
stabilization i0 particles is due to both the confinement effect, and chemical interaction between
nickel precursor arsilica support when nickel phyllosilicates like-phases are formed [4-8]. For cobalt, the
phyllosiligates cglild be also formed, but in smaller amount, fact favoring the migration inside the pores of

SBA-15 sG with larger aggregates formation. Moreover, our recent published data show that the
: SWbalt-based NPs by MDI (IWI MD) method using water as solvent leads to small quantities



Fig. 3. TEM images for mono-component samples Ni/SBA-5 (A) a
Co/SBA-15 (E) and for bi-component CoNi28 (B), CoNi 55(C) and CoNi82 (D,

samples together the EDX spectra. !
Electronic structure, state of oxidation and degree of coordination o metallic cations at the surface of
nanoparticles prepared in this stage of the project were evaluated by¥di reflectance UV spectroscopy

gap energy was correlated with adsorption coefficient from Tau§’s Wation, (¢hv)" = A(hw-Eg), where a =
adsorption coefficient, A = constant, hv = energy of photons
from Y2, 3/2, 2 or 3 depending on the electronic transitic
transitions n = %. Since reflectance spectrum is usually

(DRUV-Vis). In this aim, both the adsorption bands and the ban&?riergy were analyzed [10]. The band

. = gap vand energy and n = index ranging

ible for adsorption. For allowed direct

e coefficient a is substituted in Tauc’s

ransformation. Graphical representation

ich corresponds to the band gap energy

(evaluated by the interception of tangent to this point vw. 1s). Figure 4 collects UV-vis spectra (A) and
shoyfi in Table 4.
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V-Vis spectra (A) and Tauc curves, (F(R)*hv)2 vs. (hv) (B) for
samples of CoNi/SBA-15 type.

As first remark, all C ow an adsorption band at ~250 nm, which is attributed to the charge
transfer of type LMCT, C§ " Taking into account the adsorption bands from Figure 4A, the sample
containing only gickel, #oNiU1, shows only a band at ~ 320 nm which is attributed to Ni** in octahedral
coordination, Mmple containing only cobalt show more adsorption bans, with maxima at 235, 410
and 720 nm. dsOomggion bands from VIS range are broad, thus indicating the superposition of different
bands attributm+ and Co®" species with octahedral and tetrahedral coordination in CosO, spinel. For
i t sagiples, the registered spectra show the adsorption bands corresponding to both cations.
sly, two or three values of band gap are calculated from UV-vis spectra, the “true” energy of
orresponding to the value Eg, i.e. at higher wavelengths, usually between 600-800 nm,
m electronic transitions d-d from Co 3d-t,g to Co 3d-eq4 (or Ni 3d-toq to Ni 3d-eg) [13, 17, 20].

ies showed that the particle size and morphology have a major influence on the energy value of
tronic transitions due to the change of network defects [12, 21, 22].




Table 4. Band gap energy calculated on the basis of Tauc curves.

Eg (eV)
[by this project] Eg (eV)
Sample "[ow energy | High energy [reported values] Reference
Eg; Eg, | EQs
CoNio1 - 1.57 | 3.55 3.6-4.3 11
CoNi28 1.10 - 3.80
2.10; 4.30 12
CoNi55 - 1.50 | 4.40 1.97; 3.40
2.6; 2.63 13
CoNi82 1.05 1.82 | 4.30
2.38; 2.52; 3.44 2
1.50-2.50 14 Q
2.22;3.55 15
1.48; 2.19 16
CoNi10 1.18 1.91 | 435 1.50; 2.00 ,
1.77; 3.15
1.70; 2.85 9
1.75-1.92; 3.15-3.4
1.43-1.51;1.5-1.9 20,

Thus, as the particle size is smaller, the electron excitation occurs ighe? energy. Analysing data from
Table 4, it could be observed that the energy of band gap (Eg.) |ncr S ith increasing oxide crystallite,
contrary to literature data. Anyway, the range of crystallites sizegis rather smadll (7.9-13.7 nm) to observe an
influence of the crystallite size on the value of band gap. An incr in this energy with increasing of cobalt
amount is also observed. If the TEM images are considered,_showing agglomeration of particles as the
amount of cobalt increases, it could be affirmed that th tion of nanoparticles as patches would
require higher energy as the electronic excitation to take wever, our results are in line with the
most part of the published data, and they recommen ased materials, prepared as described in
this project, to be use also in other applications th Iytic ones, like: optical and gas sensors,

communications at international symposiums.
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