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Abstract

A novel and highly efficient NiO-La,O3/DMSN catalyst was synthesized Received: 18 February 2023
through two distinct methods including citrate complex (C) and wet Accepted: 1 May 2023
impregnation (1) techniques. The catalytic activity of both methods was Page Number: 41-52

evaluated for the carbon dioxide methanation  process.
The physicochemical properties of the synthesized compounds were
analyzed in detail by XRD, N, adsorption-desorption, FESEM, EDX, and
Elemental-mapping analyses. XRD analysis revealed that method (C)
produced crystal oxides with a size less than half of that produced by
method (I). The performance of the NiO-La;Os/DMSN(C) was markedly
superior to that of NiO-La,Os/DMSN(I) across the entire investigated
temperature range. Notably, maximum catalytic performance of
NiO-La,03/DMSN(C) was achieved with a CO; conversion of 78.6% and
CHy, selectivity of 96.35% at 400 °C. Method (C) led to the formation of
highly dispersed nanoparticles with smaller crystalline size,
predominantly in the support pores, by strengthening the interaction
between La®** and Ni?*. This considerably improved CO, conversion and
CHy selectivity of the catalyst. Moreover, the loading of NiO-La;O3 on
DMSN by method (C) resulted in an outstanding performance in
comparison to the supports utilized in other studies (like MCF and CeO,)
in similar operational conditions. These outcomes highlight the unique
structural advantages of DMSN and substantial impact of the synthesis
method on the catalyst structure and the subsequent performance.
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1. X-Ray Diffraction Analysis (XRD)
2. Debye-Scherrer Equation
3. N2 Adsorption-Desorption Analysis
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Figure 1. (a) N, adsorption-desorption isotherms, (b) BJH pore size distribution.
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Table 1. Physical and chemical properties of DMSN support and the calcined catalysts.

Total P M
BET surface otal Pore Average Pore egn
Samples area® (m2/gr) Volume? Diameter® (nm) Particle dranio.
g (cm3/gr) SizeP (nm)
DMSN 333.01 1.1722 46,104 146.2 - -

NiO- 200.49 0.638 3.2 148.5 2l 2.8
La203/DMSN(C) : ; ’ ' : '

NiO- 185.87 0.6723 9.2,12 147.8 6.6
La203/DMSN(1) ' ' - ' '

2Physical properties of the samples obtained from N adsorption—desorption isotherms.

® Mean Particle sizes of the catalysts determined by FESEM.

¢ Crystalline sizes of the calcined catalysts calculated by the Scherrer formula according to XRD.
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Figure 2. XRD patterns of calcined samples.
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Figure 4. Catalytic performance of the synthesis catalysts: (a) CO, conversion (%), (b) CH, selectivity (%) and CH, yield (%0)
at H,/CO, = 4/1, P = 1 bar and GHSV=60000 ml.h-1.g.
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Table 2. Comparative representation of the best catalyst used in this survey and other excellent catalysts developed in recent years for
CO, methanation in a fixed-bed reactor and atmospheric pressure.

Catalysts (wt.%) GHSY

(ml.h.g?)

30% NiO-La20/DMSN(C) 60000
30%LaNiOs/MCF 60000
30%LaNiO/CeO2 30000

15%Ni0-3%La:03/Ns-MFI 12000

H2:CO2=4:1
T(°C) Xco2(%6) Y cHa(%0) Reference
400 78.7 97.2 This study
400 76 96 [21]
400 70 70 [22]
400 80 99 [23]
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Figure 5. Lifelong stability tests for the catalysts in CO, methanation reaction (T=450°C« GHSV=60000 ml.h"%.g* and H,/CO,=4/1):
(a) CO; conversion, (b) CH, selectivity and (c) CH, yield.
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