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Fig. 5 Effect of leaching temperature on leaching rate
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Fig. 7 Effect of leaching time on leaching rate
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Experimental of Microwave-assisted Roasting and
Ammonia Leaching of Spent HDS Catalysts
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Abstract: The hydrodesulfurization (HDS) catalyst plays a critical role in deep desulfurization of crude oil and
the hydro-upgrading of heavy oils by driving hydrodesulfurization reactions through sulfide-active sites. During
prolonged service, the catalytic activity degradation is primarily triggered by heavy metal contaminants (e.g.,
vanadium (V) and nickel (Ni)) adsorbed on the catalyst surface, leading to the generation of substantial amounts
of spent catalysts. Spent HDS catalysts are rich in strategic metals such as V, molybdenum (Mo) and Ni, with
their concentrations significantly exceeding those in conventional mineral ores. Additionally, these spent catalysts
contain substantial heavy metals and harmful elements like carbon and sulfur, leading to their classification as
hazardous waste under the National List of Hazardous Wastes and the need for strict management. Given the critical
strategic value of these metals and the environmental risks posed by improper disposal, the resource recovery
of spent HDS catalysts holds significant importance for sustainable development and ecological protection. In
response to the problems of low efficiency and high energy consumption in the traditional processing, a microwave-
assisted roasting-ammonia leaching process for spent HDS catalysts was proposed. The effects of process factors
such as roasting temperature, roasting time, microwave power, leaching temperature, ammonium ion concentration,
and leaching time on the selective leaching of V and Mo were investigated, and the main influencing factors
were optimized and analyzed. This provides a technical basis for the efficient leaching of V and Mo from spent
HDS catalysts. The experimental results show that the optimized conditions for the microwave roasting-ammonia
leaching process of spent HDS catalysts are as follows: roasting temperature of 500 °C, roasting time of 30 min,
microwave power of 1 000 W, leaching temperature of 60 °C, ammonium ion concentration of 4 mol/L, and leaching
time of 90 min. Under these conditions, the leaching rates of V and Mo reach 90.23% and 90.86% respectively,
while the leaching rate of aluminum (Al) in the carrier is less than 1%. Meanwhile, a comparative experiment
with traditional roasting was carried out. The results indicate that, compared with the traditional roasting method,
microwave roasting can achieve the efficient dissolution of V and Mo in spent HDS catalysts under relatively mild
thermodynamic conditions. Furthermore, morphological characterization of the microwave roasted slag by scanning
electron microscopy (SEM) reveals that the microstructure of the catalyst changes significantly under the action of
the microwave field: the surface shows characteristics of thermal stress cracks, and the phase presents a loose and
porous structure. This unique change in the micro-morphology not only accelerates the oxidation conversion process
of the sulfide phase but also provides an efficient mass-transfer channel for the subsequent leaching reaction.

Key words: spent HDS catalyst; microwave; roasting; vanadium; molybdenum



