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slag in engineering materials, a multi-source solid waste flowable solidified soil is prepared by using
red mud, carbide slag, metakaolin, and magnesium slag as main constituents. [Methods] Carbonat-
ed and non—carbonated specimens were produced and subjected to freeze—thaw cycles and wet=dry cy-
cles, separtately. Changes in macroscopic appearance, mass loss rate, linear shrinkage, unconfined
compressive strength, pH value, and electrical resistivity were examined, and the associated structur-
al evolutions were analyzed with SEM and FTIR. [Results] The results indicate that both freeze—
thaw cycling and wet=dry cycling lead to deterioration of the flowable solidified soil. During freeze-
thaw cycles, the strength decreases continuously, whereas during wet—=dry cycles it increases first and
then declines. Carbonation improves the initial structure of the specimens. At the early stage of freeze—
thaw cycling, mass loss and shrinkage reduce while early strength increases; however, this beneficial
effect becomes less evident with increasing cycle number. During wet=dry cycles, the carbonated spec-
imens show comparatively larger mass loss and shrinkage at later stages. Among different mixtures,
the specimen containing 30% magnesium slag shows better stability with both environmental condi-
tions. In both cases, the pH value decreases overall, and electrical resistivity shows a positive correla-
tion with unconfined compressive strength. Microscopic observations further show that gel products
gradually decrease during cyclic exposures, while pores and microcracks continue to develop, leading
to progressive degradation of cementitious structure.

Keywords:red mud; flowable solidified soil; carbonation; durability; deterioration mechanism
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Fig. 1 Morphology of raw materials: (a) cement; (b) red mud;
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(c) carbide slag; (d) metakaolin; (¢) magnesium slag
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Table 1 Major chemical compositions of raw materials
XRF, wt.%

FRE  CaO  SiO, ALO, Fe,0, MgO Na,0

Kk 44.63 37.06 5.01 2.43 1.65 0.11
ke 18.26  20.17 24.34 9.40 1.26  9.61
WA 64.52 3.05  1.15 — — 0.25
B 57.51  29.43 0.52  2.49  3.78 —
W+ 0.07  54.83 42.15 0.37  0.02  0.24
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Fig.2 Mineral compositions and microstructures of raw materials
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Fig. 3 Particle size distribution curves of raw materials
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Fig.4 Macroscopic morphology of specimens duing freeze—thaw
cycles (Mixture I, II, and III correspond to magnesium slag contents
of 20%, 30%, and 40% , respectively; N denotes non-carbonated
specimens, C denotes carbonated specimens; the numbers indicate
cycle numbers)
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Fig. 5 Macroscopic morphology of specimens during wet-dry
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Fig. 7 Variations in linear shrinkage of specimens during freeze—thaw cycles
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Fig.8 Variations in mass loss rate of specimens during wet—dry cycles
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Fig. 10 Variations in unconfined compressive strength of specimens during freeze—thaw cycles
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Fig. 11 Variations in unconfined compressive strength of specimens during wet—dry cycles
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Fig. 12 Variations in pH value of flowable solidified soil during freeze-thaw cycles
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Fig. 13 Variations in pH value of flowable solidified soil during wet-dry cycles
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Fig. 14 Variations in electrical resistivity of flowable solidified soil during freeze—thaw cycles
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Variations in electrical resistivity of flowable solidified soil during wet=dry cycles
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Fig. 16 Relationships between electrical resistivity and unconfined compressive strength of specimens during freeze—thaw cycles
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