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Abstract: A series of Ni/y-Al,O5 catalysts were prepared by the conventional calcination and thermal reduction method (C), conventional
calcination and atmospheric high frequency cold plasma jet reduction method (PR), and atmospheric high frequency cold plasma jet calcina-
tion and reduction method (PC&R). CO, reforming of CH4 was adopted to evaluate the performance of the Ni/y-Al,Os catalysts. The results
showed that the catalyst prepared by PC&R exhibited better low-temperature activity for CO, reforming of CH,4. At the same conversions of
CH, and CO,, the reaction temperature of the catalyst prepared by PC&R was 50 °C lower than that of the catalyst by the conventional
method. The samples were analyzed by X-ray powder diffraction, temperature-programmed desorption with H, and CO,, N, adsorp-
tion-desorption, transmission electron microscopy, and thermogravimetric analysis. Compared with the conventional catalyst, the nickel
dispersion of the Ni/y-Al,O3 catalyst prepared by PC&R was enhanced by 100%, Ni particle size about 5 nm on catalyst surface was de-
creased by 70%, and coking resistance was also improved significantly. The excellent low-temperature activity and structure of the catalysts
by PC&R were attributed to short treatment time during the plasma process instead of several hours in conventional calcination for decom-
posing and reducing the catalyst precursor of Ni(NOs),/y-ALO3, which effectively avoided sintering and plugging.
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Fig. 1. CO, reforming of CH, over different Ni/y-ALO; catalysts. (1)
Ni/y-ALO;(C); (2) Ni/y-ALO;(PR); (3) Ni/y-ALO;(PC&R). Reaction
conditions: catalyst 200 mg, GHSV = 30 L/(g-h), n(CH4)/n(CO,) =
4/6. C: conventional calcination and thermal reduction method; PR:
conventional calcination and atmospheric high frequency cold plasma
jet reduction method; PC&R: atmospheric high frequency cold plasma

jet calcination and reduction method.
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Fig. 2. XRD patterns of the Ni/y-Al,O5 catalysts prepared by different
methods. (1) Ni/y-ALO;(C); (2) Ni/y-ALOs(PR); (3) Ni/y-ALO;
(PC&R).
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Fig. 3. H,-TPD profiles of the Ni/y-Al,O; samples prepared by dif-
ferent methods. (1) Ni/y-ALO;(C); (2) Ni/y-ALOs(PR); (3)
Ni/y-ALO3;(PC&R).
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Table 1 H,-TPD results of Ni/y-Al,O; samples prepared by different

methods
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Fig. 4. CO,-TPD profiles of the Ni/y-Al,O; catalysts prepared by
different methods. (1) Ni/y-ALO;(C); (2) Ni/y-ALOs(PR); (3)
Ni/y-ALO;(PC&R).
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Table 2 CO, desorption peak area over different Ni/y-Al,O5 samples

CO, desorption peak area (a.u.)

. . Sample
Sample H, desorbed (umol/g) Dispersion (%) Peak A Peak B
Ni/y-ALO;(C) 150.7 14.7 Ni/y-Al0;(C) 7.98 6.06
Ni/y-Al,O3(PR) 225.8 22.1 Ni/p-ALO;(PR) 11.84 9.66
Ni/y-ALOy(PC&R) 312.5 30.6 Ni/y-ALOs(PC&R) 13.66 16.10
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Fig. 5. N, adsorption-desorption isotherms (a) and pore size distribution (b) of y-AL,O; support and different Ni/y-AL,O; catalysts. (1) pure y-ALO;

support; (2) Ni/p-ALO3(C); (3) Ni/y-ALOs(PR); (4) Ni/y-ALO3(PC&R).
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Table 3 Texture of pure y-Al,O; support and different Ni/y-Al,Os
catalysts

Average pore Specific surface

Sample . )
diameter (nm) area (m’/g)
7-ALOs 5.8 299.3
Ni/y-ALO5(C) 9.8 131.6
Ni/y-AlLOs(PR) 8.0 153.4
Ni/y-ALO3(PC&R) 6.9 173.6
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Table 4 The carbon amount on used Ni/y-ALO; catalysts

Carbon amount (%) Total coke
Used catalyst ]

C, Cy C, formation (%)
Ni/y-ALO;(C) 3.87 13.53 0 17.40
Ni/y-ALO;(PR) 4.08 3.92 0 8.00
Ni/y-ALO;(PC&R) 4.95 0.89 0 5.84
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Bl 6 Nily-AlL,Os LTI TEM B &

TEM images of Ni/y-ALO; catalysts. (a) and (b) y-ALOs; (c¢) and (d) Ni/y-ALO;(C); (e) and (f) Ni/y-ALO;(PR); (g) and (h)
Ni/y-ALO;(PC&R).
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Fig. 7. The stability test results of Ni/y-ALO; catalysts. (1) Ni/p-ALOs(C); (2) Ni/y-ALO;(PC&R). Reaction conditions: catalyst 100 mg, 800 °C,

GHSV = 60 L/(g'h), n(CH,)/n(CO,) = 4:6
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