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Preparation of Fe—Cr—Ni—-Mn Black Ceramic Pigment from Stainless Steelmaking Dust

LI Zhigiao"*, ZHANG Xiang'?, MA Guojun', ZHENG Dingli', LIU Mengke*, WANG Qiang®
(1. Key Laboratory for Ferrous Metallurgy and Resources Utilization of Ministry of Education, Wuhan University of Science and
Technology, Wuhan 430081, China; 2. Hubei Provincial Key Laboratory for New Processes of Ironmaking and Steelmaking, Wuhan
University of Science and Technology, Wuhan 430081, China)

Abstract: The rich transition metal elements in stainless steelmaking dust, such as Fe, Cr, Ni, and Mn, can be used to prepare black
ceramic pigments. The stainless steelmaking dust can be ultilized to prepare cobalt-free black ceramic pigments. According to the
color mechanism of Fe—Cr—Ni—Mn black pigment, an appropriate amount of chemical reagents Fe,03, Cr,0;, MnO and NiO was
added into stainless steel making dust in a mixed mass ratio of 6:1:1:1. The chromaticity value vibration rules of black ceramic
pigments prepared under different conditions were investigated, and the coloring mechanism of the pigments was discussed as well.
The results show that a high firing temperature or a long holding time causes the decomposition of Cr-containing spinel phase,
adversely affecting the coloring properties of the pigment. The optimum firing process of the pigment is the firing temperature of 1
175 °C, the holding time of 30 min, and the furnace cooling method. The L*, a* and b* values of the prepared pigment are 37.20, 0.13
and 0.02, respectively, and the main phases in the pigment are Fe,O; and mixed spinels. The absorbance of the pigment to each
visible light wavelength band is basically the same, and the bandgap of the pigment is 0.88 eV. The color of the pigment is black. The
average grain size of spinels is only 26.795 nm, and the pigment has a superior thermal stability at 20—1 100 ‘C. The ceramic has a
good color performance when the pigment is used to prepare the ceramic. It is indicated that the prepared black ceramic pigment with
the superior coloring property has a promising application potential.
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Table 1 Chemical compositions of stainless steelmaking dust and ceramic base body wi%
Component Fe O3 Cr,03 NiO MnO MgO CaO ZnO AlLO3 SiO, TiO, K,O Na,O
Stainless steelmaking dust 58.35 15.19 4.52 2.99 1.73 1.76 4.31 0.71
Ceramic base body 0.55 1.35 1.00 20.29 66.41 0.21 1.01 2.82

w—Mass fraction.
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Fig. 1 XRD patterns of stainless steelmaking dust and ceramic
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Holding time 30 min with furnace cooling.
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Fig. 3 XRD patterns of pigments and enlarged images of
characteristic peak region of spinel phases at different
firing temperatures
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Table 2 Lattice parameters and average crystallite size of
spinel phases in pigments at different firing
temperatures

Temperature/'C ~ 26(°) FWHM Dyy/nm  a=b=c/nm  D/nm

1100 35.82 0.327 0.250 0.830 25.248
1150 35.69 0.312 0.251 0.833 26.452
1175 35.68 0.308 0.251 0.834 26.795
1200 35.81 0.305 0.250 0.831 27.068
1250 35.74 0.304 0.251 0.832 27.152

Holding time 30 min with furnace cooling.
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Table 3 Lattice parameters and average crystallite size of
spinel phases in pigments at different holding
times

Hold time/min ~ 26/(°) FWHM  Djy/nmm  a=b=c/nm D/nm

15 35.71 0.328 0.251 0.833 25.163
30 35.68 0.308 0.251 0.834 26.795
45 35.68 0.291 0.251 0.834 28.360
60 35.78 0.278 0.251 0.831 29.695

Firing temperature is 1 175 “C with furnace cooling.
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Table 4 Lattice parameters and average crystallite size of
samples under different cooling methods

Cooling method 20/(°) FWHM Dyy/mm a=b=c¢/nm  D/nm

Furnace cooling 35.68 0.308 0.251 0.834 26.795
Air cooling 35.72 0.366 0.251 0.833 22.551
Water quenching 3554  0.440 0.252 0.837 18.749

Firing temperature 1 175 ‘C with holding time 30 min.
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Fig. 10 Pigment prepared at firing temperature 1175 ‘C with
holding time 30 min and furnace cooling
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Firing temperature is 1 175 "C with holding time 30 min and furnace cooling.
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Fig. 11 FT-IR spectra of pigment
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Firing temperature is 1 175 ‘C with holding time 30 min and furnace

cooling.
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Fig. 12 TG-DSC curves of pigment
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Table 5 Comparison of chromaticity values of prepared
pigments and different types of black pigments

Raw materials L* a* b* Cc*
Stainless steel dust 3720 0.13 0.02 0.13
Titanium slag!"™ 39.85 056 -0.36 0.67
Cobalt-containing chemical reagent 1** 20.09 -0.41 3.77 3.79
Jarosite precipitates®’ 40.58 -0.15 0.62 0.64
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Firing temperature is 1 150 “C with holding time 30 min and furnace cooling.
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Fig. 13 Morphologies of ceramics at different pigment addition
amounts
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