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Scanning Electron Microscopy (SEM), Transmission Electron Microscopy (TEM),
Thermogravimetric Analysis (TGA), and acid—base titration. These analyses confirmed

Keywords: the successful incorporation of sulfonic acid groups onto the surface of ZrC. The catalyst
Solid Acid Carbide Catalyst, was subsequently applied to the esterification of acetic acid with ethanol under mild
Sulfonated Zirconium, conditions, yielding ethyl acetate. The results demonstrated that the catalyst exhibited high
Esterification, activity in the esterification reaction. Under optimized conditions, ethyl acetate was

Ethyl Acetate. obtained within 5 hours with a yield of 91%. The effects of key parameters, including

catalyst loading, initial alcohol-to-acid molar ratio, reaction time, and reaction
temperature, on the conversion of acetic acid were systematically investigated. The highest
conversion was achieved with a catalyst loading of 5 wt%, an ethanol-to-acetic acid molar
ratio of 3.5:1, a reaction time of 5 hours, and a reaction temperature of 80 °C. These
findings suggest that ZrC@SOsH can serve as an effective alternative to conventional
sulfuric acid, thereby mitigating the drawbacks associated with traditional homogeneous
acids. Moreover, the catalyst was successfully recycled five times without any significant
loss of activity, confirming its excellent stability and consistent performance.
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