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RESULTS & DISCUSSION 

Catalysts characterization

Inductively Coupled Plasma Atomic Emission Spectroscopy

Elemental analysis (ICP-AES), carried out on the calcined catalysts showed that the desired Ni 

loading was achieved for both as it was found equal to 7.83 wt.% for the Ni/Al and 7.92 wt.% 

for the Ni/LaAl. Moreover, ICP measurements on the spent catalysts obtained after the long 

time-on-stream tests (experimental protocol #2) showed no significant difference between 

calcined and spent samples as the Ni loading recorded for the latter catalysts was found to be 

equal to 7.80 wt.% (Ni/Al) and 7.90 wt.% (Ni/LaAl). It is noted that the methodology followed 

and instrument used has been described in detail previously [1].

N2 Adsorption-Desorption Isotherms and Pore Size Distribution

Figure S1a,b presents the N2 adsorption-desorption isotherms obtained for the calcined Ni/Al 

and Ni/LaAl catalysts. According to the International Union of Pure and Applied Chemistry 

(IUPAC) classification, the Ni/Al catalyst presents a type IV isotherm with an H2 hysteresis 

loop, which indicates the presence of non uniform size or shape. However, the Ni/LaAl catalyst 

presents a type III isotherm with an H3 hysteresis loop, which indicates the presence of particles 

agglomerates forming non uniform slit shaped pores [2,3]. The BJH adsorption data (insets in 

Figure S1a,b), for both catalytic materials, show that the majority of the population of pores is 

in the meso-range and has a bimodal distribution in the range of 10-75 nm.

X-ray Diffraction Analysis

Figure S1c presents the X-ray diffractograms of the calcined Ni/Al and Ni/LaAl catalysts. For 

both materials, characteristic peaks assigned to γ-Al2O3 (2θ = 35.2o, 47.2o and 67.6o) and the 

spinel nickel aluminate phase (NiAl2O4, 2θ = 19.0o, 32.0o, 37.0o, 45.0o, 60.2o and 65.9o) can be 

observed. However, no peaks corresponding to the nickel oxide (NiO) structure were detected, 

which indicates that that these crystalline phases would be quite small and well dispersed [4]. 

It is noteworthy that the peaks corresponding to the spinel phase are somehow suppressed, in 

the case of the Ni/LaAl catalyst, suggesting that a finer dispersion was achieved as a result of 

the competitive growth of the La2O3 and NiAl2O4, where the one phase hinders the growth of 

the other [5]. Moreover, for the Ni/LaAl catalyst, no diffraction peaks corresponding to the 

La2O3 phase were detected, indicating that either the structure is amorphous or that the La2O3 

was highly dispersed in the support [6,7].



Fig. S1 (a) N2 adsorption-desorption isotherms and pore size distribution (inset) of the Ni/Al 

catalyst, (b) N2 adsorption-desorption isotherms and pore size distribution (inset) of the 

Ni/LaAl catalyst, and (c) XRD patterns of the Ni/Al and Ni/LaAl catalysts.

H2 Temperature Programmed Desorption

The results from H2-TPD experiments are depicted in Figure S2. It is observed that the Ni/Al 

catalyst shows H2 desorption peaks at 70, 490 and 720oC, while the Ni/LaAl catalyst at 40, 160, 

480, 750 and 810oC. In regards to the mean Ni particle size, it is obvious that the results obtained 

differ from those obtained via electron microscopy however this discrepancy can be explained 

on the basis of the techniques used. As an example, it is well known that particle shape has an 

important effect in the investigation of its chemical/physical properties [8,9], but the 

chemisorption technique is linked with spherical shapes, which have the lowest surface area 

per volume ratio of all the geometric shapes [10]. It is noted however that the potential error in 

the calculation of the particle size by chemisorption does not affect the adsorption strength of 

the probe molecules (such as hydrogen) to the different exposed facets [11]. The adsorption 

conditions of probe molecules are also important and one may find reports in the literature 

demonstrating the need of even cryogenic conditions, to achieve saturation of the metal surfaces 

with the probe molecule, for a variety of geometries, shapes and sizes [12].



Fig. S2 H2-TPD profiles obtained over the Ni/Al and Ni/LaAl catalysts.

X-ray Photoelectron Spectroscopy

The high resolution XPS Ni 2p spectra for the reduced Ni/Al and Ni/LaAl catalysts are 

presented in Figure S3. Firstly, it is noted that the catalysts have been exposed to atmospheric 

conditions prior to XPS analysis. Secondly, some uncertainty arises in regards to the Ni/LaAl 

catalyst, as the Ni 2p3/2 and La 3d3/2 peaks overlap. Nevertheless, through peak fitting the Ni 2p 

and La 3d peaks and satellites, based upon experimentally determined peak positions and 

degeneracy ratios for the respective metal oxides/hydroxides [13,14], approximate elemental 

compositions are given in Table 3. Lastly, small concentrations of carbon (< 5 at.%) were 

observed on all surfaces and to provide comparative values, the elemental concentrations shown 

in Table 3 have been normalized after removal of the carbon contribution.
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Fig. S3 XPS Ni 2p for the reduced Ni/Al and Ni/LaAl catalysts.

Catalytic activity
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Fig. S4 Palm oil conversion and paraffin yield for the Ni/Al and Ni/LaAl catalysts during 6 

h time-on-stream experiments (experimental protocol #1). Reaction conditions: Τ = 375oC, 

P = 30 bar, LHSV = 1.2 h-1, H2/oil = 1000 cm3/cm3.



Table S1 Liquid product analysis of non-catalytic experiment (blank experiment). Reaction 

conditions: Τ = 375oC, P = 30 bar, LHSV = 1.2 h-1, H2/oil = 1000 cm3/cm3.

Compound (wt.%) 0 h 1 h 2 h 3 h 4 h 5 h 6 h

Total Hydrocarbons 23.35 23.18 22.92 23.05 23.06 22.98 22.97

Octane (n-C8) 1.82 1.86 1.82 1.83 1.85 1.94 1.89

Nonane (n-C9) 1.17 1.15 1.09 1.06 1.11 1.15 1.18

Decane (n-C10) 4.74 4.92 4.89 4.95 5.04 4.94 4.89

Undecane (n-C11) 9.60 9.46 9.28 9.31 9.37 9.40 9.50

Pentadecane (n-C15) 2.19 2.17 2.16 2.20 2.13 2.07 2.13

Heptadecane (n-C17) 3.83 3.62 3.68 3.70 3.56 3.48 3.38

Total Fatty Acids 76.65 76.82 77.08 76.95 76.94 77.02 77.03

Stearic Acid (C18:0) 69.42 71.83 70.76 72.18 72.97 73.18 72.85

Oleic Acid (C18:1) 2.41 0.84 1.86 0.84 3.62 3.84 4.18

Palmitic Acid (C16:0) 4.82 4.15 4.46 3.93 0.35 0.00 0.00
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Fig. S5 Repeat experiments for the Ni/Al catalyst tested herein; (left hand side) Conversion 

(right hand side) Yield of C8-C18 paraffins (black color: C8-C14; red: C15; blue: C16, green: C17, 

yellow: C18).
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