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Sealing ring

Quartz tube

Dolomite 7| — Catalyst
| Silicon carbide
Quartz
orifice plate

(b) Catalyst bed specification

1—Hydrogen cylinder; 2—Nitrogen cylinder; 3—Methane cylinder; 4—Electromagnetic flow valve; 5—Check valve; 6—Ball valve;

7—Pressure gauge; 8—Reaction tube; 9—High-temperature tube furnace; 10—Catalyst bed; 11—Type K thermocouple; 12—U-tube condenser;

13—Desiccant silica gel; 14—Gas collection bag

F1 ERIT N R E

Fig. 1 Catalyst evaluation device
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Fig. 2  Effect of catalysts on the pyrolysis of dolomite: (a) Without catalyst; (b) With catalyst
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Fig. 3 Effect of Mn elements in catalysts on gaseous products: (a) Ni, ,Al catalyst, (b) Ni, ,Mn, ,Al catalyst, (c) Changes in CH, conversion
before and after doping with Mn elements, (d) Changes in composition of carbon-containing gas-phase products before and after doping

with Mn elements
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Fig. 4 XRD spectra of Niy Al and Niy ;,Mn,, Al fresh catalyst
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DTG curve before and after Mn doping
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Fig. 6 Effect of Mn element in catalyst on gas products at 750 °C: (a) Ni, ,Al catalyst; (b): Niy ,,Mn, ,Al catalyst
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Reaction Mechanism of Mn-Mediated Synergistic Modulation of
Anti-Coking Properties and Syngas Optimization in NiAl Catalysts

DU Jinbiao, HU Zhaoyi, GAO Yunfei, WANG Fuchen
(School of Resources and Environmental Engineering, Institute of Clean Coal Technology, East China University of
Science and Technology, Shanghai 200237, China)

Abstract: Aiming at the problem of high carbon emissions during carbonate pyrolysis under the dual-carbon
strategy, Mn-doped modified NiMnAl catalysts were prepared via the sol-gel method in this work. The as-prepared
NiMnAl catalysts exhibited remarkable performance improvement at 750 °C. Compared with pristine NiAl catalysts,
the CH, conversion rate increased from 11% to 16%, the H,/CO volume ratio approached 1, and the carbon deposition
decreased by more than 20%. Characterization results revealed that Mn doping enhanced lattice oxygen mobility
through electronic structure rearrangement and the in-situ formation of MnO, active phases. Meanwhile, the specific
surface area increased from 63.215 m*/g of the NiAl catalyst to 82.087 m?/g of the NiMnAl catalyst, accompanied by an
optimized pore structure. The synergistic mechanism endows the catalyst with high catalytic activity and excellent
carbon deposition resistance. Thermogravimetric analysis showed that the initial oxidation temperature of carbon
deposits decreased, and the carbon deposition was further reduced by introducing a small amount of O,. X-ray
diffraction (XRD) and BET(Brunauer-Emmett-Teller) specific surface area measurements indicated that oxygen-
introducing conditions can effectively alleviate the damage of pore structure caused by carbon deposition. This study
provides a theoretical basis for the development and industrial application of high-efficiency anti-carbon-deposition
catalysts.

Key words: carbonate pyrolysis; catalytic reduction; NiMnAl catalyst; Mn doping; carbon deposition inhibition;

dry reforming of methane
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