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Heat Treatment Process Optimization of Microcrystalline Cast Stone from Silico-manganese
Slag by One-Step Preparation

XIN Xin, TAN Zexin, ZHAO Junxue, HU Ailin, WANG Ze, KANG Yi, WANG He, ZHANG Zhenkai
(School of Metallurgical Engineering, Xi'an University of Architecture and Technology, Xi'an 710055, China)

Abstract: Silico-manganese slag is a main solid waste produced from production of silicon-manganese alloy, which affects the
environment. It is thus necessary to explore the corresponding disposal methods since the exsiting processing technology restricts the
absorbing capacity. A microcrystalline cast stone was fabricated by the Petrurgic firing method with silico-manganese slag as a raw
material. The bulk density, microhardness, flexural and compressive strength of the samples were determined. The influences of
crystallization temperature and time on the phase structure and properties of the finished product were invesigated. The results show
that a hot molten slag is cooled to 950 ‘C for 60 min and then annealed at 760 ‘C, obtaing a microcrystalline cast stone with the
superior properties. The microcrystalline cast stone has a compact structure, and the precipitated crystal phases are mainly
clinopyroxene, diopside and aluminum diopside, as well as anorthite and wollastonite. The bulk density of the cast stone can reach
3.11x10° kg'm >, the microhardness is 8.77x10° MPa, and the flexural strength and the compressive strength are 86 MPa and
222.9 MPa, respectively.
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Fig. 1 Preparation steps of microcrystalline cast stone from silico-manganese slag
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Table 1 Chemical composition of silico-manganese slag
wi%

CaO MgO AL O3 MnO Fe)03 SiO, Other
25.34 5.39 18.03 6.34 0.68 38.37 5.85
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Fig. 2 XRD pattern of the raw slag
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Fig. 4 Theoretical phase structure of silico-manganese slag in
thermodynamic equilibrium
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Fig. 5 Measurement of the hemispherical point of the raw slag
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Fig. 6 DSC analysis of silico-manganese slag
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Table 2 Heat treatment system of silico-manganese slag

Sample N Melting Crystallization Annealing Cooli
. 1

ampie o Temperature/ C Time/min Temperature/ C Time/min Temperature/ C Time/min O0lng system
A(Blank) 1300 30 760 60 With furnace

B 1300 30 850 60 760 60 With furnace

C 1300 30 850 120 760 60 With furnace

D 1300 30 900 60 760 60 With furnace

E 1300 30 900 120 760 60 With furnace

F 1300 30 950 60 760 60 With furnace

G 1300 30 950 120 760 60 With furnace
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Fig. 7 Temperature system for preparing microcrystalline cast

stone from silico-manganese slag
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Table 3 Sample appearance results

Crystallization

Appearance results

Sample No. - - 3
Temperature/ C  Time/min Color Section Stoma
A Mahogany, translucence under light Smooth With stomata
B 850 60 Mahogany and atrovirens stripes alternate Smooth With stomata
C 850 120 Mahogany and viridis cascading Smooth With stomata
D 900 60 Mahogany and atrovirens cascading With cracks With few stomata
E 900 120 Mahogany and atrovirens stripes alternate With impurities  With a lot of stomata
F 950 60 Mahogany and viridis cascading Smooth No stomata
G 950 120 Mahogany and atrovirens stripes alternate, translucence under light Smooth With stomata
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M e T
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Fig. 8 Photo of sample appearance results
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Fig. 9 XRD patterns of products at different crystallization
temperatures
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Table 4 Comparison of the performance required by the sample and the national standard
Type Standard bulk density x10*/(kg-m™) Anti-bending strength/MPa Anti-compression strength/MPa
Products 3.02-3.21 86 222.9
Granite GB/T 18601—2009 2.56 8-8.3 =100
Marble GB/T 18601—2009 2.30 =7 =50-90
Glass-ceramics JCT 872—2000 =30
Microcrystalline cast stone Related research'* ! 2.74-3.23 =372 =110.28

4 Hp
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i 55 A o

3) Al & IR A CUB A KA RIS
AN A, T RS S O A7 R f A o TE 850~
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