
CONCLUSION 
This study has demonstrated that it is possible to use aluminum saline slags

to synthesize materials with a hexaaluminate type structure as support for Ni

catalysts. The trace metals resulting from acid extraction of Al from the slag

contribute positively to synthesis of the hexaaluminates since they allow an

La-HA structure with an La:Al stoichiometric ratio of 1:11 to be obtained.

The hexaaluminates obtained from valorization of the aluminum saline slags

and modified with Ni have been found to be active in the dry reforming of

methane (DRM), with an effect of their textural properties, dispersion of the

metallic phase and metal-support interaction on the performance of the

catalyst in the reaction being observed. S4 was found to be the catalyst,

exhibiting the best stability and catalytic performance during the 20 h of

reaction, followed by S3, S2, and S1.

Another important aspect highlighted in this work is that the purity and

crystallinity of the hexaaluminate affects the interaction between the support

and the metal, thus resulting in low dispersion and a very large metal grain

size, which influences the performance of the reaction as fewer active sites

are generated in the catalyst. It is therefore advisable to maintain a

compound phase that allows a greater metal-support interaction in the case

of hexaaluminate-based catalysts.
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Composition Na2O MgO Al2O3 SiO2 P2O5 SO3 Cl K2O CaO 

wt.% 0.77  6.49  55.23 4.23 0.07  0.41 0.47 0.50  2.12 

 

Composition TiO2 Cr MnO  Fe2O3 Ba Cu F Zn  

wt.% 0.65  0.07 0.26  1.25  0.07 0.51 0.41 0.17  
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This work describes the
procedures followed to obtain
four hibonite-type La-
hexaaluminates (La-HA) using
aluminum saline slag waste as
the aluminum source. Briefly, an
acid-extracted aluminum
solution (8.9 gAl/L) was used to
synthesize the hexaaluminate
by mixing with a stoichiometric
amount of lanthanum nitrate
and 2-propanol/polyethylene
glycol/methanol/1-
hexanol/glucose depending on
the hydrothermal conditions of
the synthesis. transmission
electron microscopy (HR-TEM)..

The results showed the
formation of pure-phase
hexaaluminate at 1473 K in all
cases, with differences in the
textural properties between
the materials. The solids
obtained were used as
supports for nickel catalysts
(10 wt.%) for the dry reforming
of methane (DRM) at 973 K.
The supports and catalysts
were characterized by X-ray
diffraction (XRD), N2

adsorption at 77 K, X-ray
fluorescence (XRF),
temperature-programmed
reduction (TPR), scanning
electron microscopy (SEM)
and transmission electron
microscopy (HR-TEM).

(Ca0.54Na0.67La1.08)(Si1.32Mg0.

83Fe0.18Mn0.02Ti0.03)Al9.06O19-δ
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RESULTS

Table 2: Parameters obtained from the experimental and 
simulated TPR curves at different heating rates for S1.

Sample Method 

Tα,m(K); Peak Area fraction (%) 

α β1 β2 γ 

S4 RMAD 629 62.5 710 37.5 - - - - 

S3 MAD+PegMn 672 45.1 723 35.7 - - 1093 19.2 

S2 MAD 561;663 55.3 720 37.4 - - 1036 7.3 

S1 AD 622 99.9 -  - - - - 

 

Table 1: Maximum peak temperatures and area fraction of 
the reduction stages for the different cats.
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Table 4: Comparison of the kinetic parameters between 
the different methods.
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β  

(K/min) 

kRef 
b) 

A,CC-(s-

1*10-2) 
B(s-1*10-3) 

Ea
b) 

(KJ/mol) 

mb) 

 

Tp (K) αp*10-2 Ap a) R2 

(%) 

χ2 

*10-7 
a) b) a) b) 

Peak-A 

10* 10.7+ 1.61 63.5 1.78 626.59 629.24 7.386 9.197 9.05 - - 

60 62.8 2.86 60.0 1.71 677.24 672.64 5.967 7.065 42.84 - - 

100 98.3 3.17 59.4 2.00 697.04 693.01 6.470 7.913 54.79 - - 

Peak-B 

10 10.7 4.09 71.0 1.09 706.09 704.11 4.003 3.806 5.79 - - 

60 62.8 4.82 70.0 1.10 787.09 782.31 3.280 3.270 28.20 - - 

100 98.3 5.69 69.0 1.20 806.72 808.43 3.419 3.220 37.75 - - 

Cumulatived Curve (CC) 

10 10.7 2.02 134.5 (1.78:1.09) (626.59:706.09) (629.24:704.11) (9.11:4.03) (9.20:3.81) 14.84 97.69 1.20 

60 62.8 3,34 130.0 (1.71:1.10) (677.24:787.09) (672.64:782.31) (6.98:3.28) (7.07:3.27) 71.04 98.64 0.91 

100 98.3 3,74 128.4 (2.00:1.20) (697.04:806.04) (693.01:808.43) (7.50:3.42) (7.91:3.22 92.54 98.56 1.05 

 R=0.0083144 kJ/mol K ; TRef=729 K ; k0A=570 s-1, k0B=500 s-1 , *Set Value +Real, a)Experimental , b)Simulated, n=2. 

Table 3: Parameters obtained from the experimental and 
simulated TPR curves at different heating rates for S4.
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(Top) XRD pattern of the Ni/hexaaluminate synthesized using La and Al
extracted from saline slags (the hibonite, NiO and spinel patterns are
included for comparison). (Bottom) Comparison between support and
catalyst. Symbols: � Spinel pattern #00-021-1152, � Hibonite pattern
#00-007-0785,│NiO pattern #01-073-1523.
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Stability of the catalysts at 973 k for 20 h. a) H2/CO 
selectivity. b) CO2 conversion. c) CH4 conversion

a) b)

c) d) f)

images and distribution of grain areas for S4 after calcination
. a)-b) SEM images and magnification of surface grains of

10% Ni/LaHA. c) Microstructure and NiO particles
dispersed in 10% Ni/LaHA. c) d) Image analysis for identification

grains in 10% NiO/LaHA. e) Distribution of the grain area
images c) d).

TEM images and EDS mapping for S1
after DRM for 20 h. Metallic nickel grains
on the hexaaluminate microstructure [a),
b), c), d)]. Nickel cluster with coke
deposits [e) f) g) h)]. TEM-EDS mapping
for nickel cluster [i), j), k), l), m)].
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TEM images and EDS mapping for S4
after DRM for 20 h. Metallic nickel grains
on the microstructure of hexaaluminates
[a), b), c), d)]. Nickel cluster with coke
deposits [e) f) g) h)]. TEM-EDS mapping
for nickel cluster [i), j), k), l), m)].
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SEM images for S1 after calcination at 673 K. a) SEM cluster 2D image of NiO species
in 10% Ni/LaHA. b) Microstructure and NiO particles dispersed in 10% Ni/LaHA. c)
Image of isolated clusters in a) using low-pass filters. d) Application and filtering of the
box in b) to identify nickel particles dispersed on the hexaaluminate microstructure. e)
Segmentation of the particles on the hexaaluminate microstructure to determine areas. f)
Area distribution for clusters and free NiO particles.
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• S1-AD, 
• S2-MAD,
• S3-MAD+PegMn
• S4-RMAD
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