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Zinc Ash Recycling and the System of Supercritical
Hydrothermal Synthesis of Nano-Zinc Oxide
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(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In this study, a combination of wet recovery process and supercritical hydrothermal
synthesis technology is employed to produce high-value nano-zinc oxide products from zinc ash,
and an economic analysis of this approach to zinc ash recycling is conducted. A sound system is
established using Aspen Plus, and material costs and energy consumption during system
operation are analyzed. The leaching rate of zinc in the zinc ash exceeds 95%, under the
conditions of sulfuric acid concentration of 2 mol « L', solid-liquid ratio of 1: 8, leaching
temperature of 50 °C, leaching time of 2 h, and stirrer speed of 300 r * min~'. Fe, Al, Ni, Cu and
other impurities are eliminated in the impurity removal process, and the zinc content in the
solution after impurity removal reaches 97%. The leaching solution of zinc ash is used to
synthesize nano-zinc oxide with an average particle size of 26 nm under supercritical conditions of
400 °C and 25 MPa. The resulting zinc oxide exhibits excellent crystallinity and high purity. The
comparison with nano-zinc oxide synthesized from pure materials validates the feasibility of this

technology, which significantly improves the system’s economic viability.
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Table 2 Research results of zinc recovery by acid leaching process

R /(mol « L™ [V  RILWEE/C RIEM/h HFEEE/(re minT') BRINRURESEO /% &% 30K
1.0 1:8 25 0.5 400 96. 00 [2]
2.0 1:4 85 1.0 300 98. 00 [15]
3.0 1:5 21 2.0~3.0 300 95.00~97. 00 [16]
2.5 1:4 60 1.5 89. 25 [17]
1.0 1:8 20 1.0 98. 00 [18]
1.2 1:8 90 2.5 120 99. 10 [19]
1.2 1:8 55 3.0 90. 90 [20]
4.0 1:8 40 2.0 400 82.30 [21]
1.0 1:5 40 1.0 400 89. 30 [22]
1.0 1:10 25 1.0 800 82.00 [23]
1.6 1:8 160 1.5 500 99. 00 [24]
0.1 1:50 50 0.3 900 72.00 [25]
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Fig. 1 Experimental process and methods in supercritical
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Fig. 2 Zinc ash produced by a steel factory in Hebei
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Table 3 Composition and mass fraction of elements

contained in zinc ash

w/ %
Zn O Fe Si Ca Al Ni Cu

62.9 20.9 4.6 4.1 3.3 1.7 1.3 1.2
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Fig. 3 Comparison of solutions with and without filtration
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after leaching zinc ash with sulfuric acid
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Table 4 Components and mass fraction of zinc ash leachate

after filtration

w/ %
Zn Fe Si Ca Al Ni Cu

86.95  6.37 0.16 0.70 2.36 1.80 1. 66
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Fig. 4 Comparison of the impurity-containing solution and the
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filtered solution during the impurity removal process
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Table 5 The composition and mass fraction of the leachate

after impurity removal and purification
w/ %
Zn Fe Si Ca Al Ni Cu

97 1. 95 0.17 0.75 0.1 0.01 0
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Fig. 5 SEM images and particle size distributions of ZnO
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nanoparticles synthesized by zinc ash leaching solution

and pure precursors
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Fig. 6 X-ray diffraction patterns of nano zinc oxide

powder prepared by zinc ash leaching solution
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Fig. 7 Elemental concentration diagram in the water of

liquid-phase reactions
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Fig. 8 Process flow chart of supercritical hydrothermal synthesis nano-zinc oxide system at 480 kg « h™'
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Table 6 The dosage and application of materials in the process

of 480 kg * h™! nano-zinc oxide system
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Table 7 The cost of materials to produce 1 ton of nano zinc
oxide
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Table 8 Changes of energy in each equipment of nano-zinc

oxide system at 480 kg « h™*
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Fig. 9 Process flow chart of supercritical hydrothermal synthesis nano-zinc oxide system simulated by Aspen
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Table 9 Changes of energy in each equipment of supercritical

hydrothermal synthesis nano-zinc oxide system
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