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Preparation of clinker-free concrete by using soda residue composite
cementitious material
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Abstract: Soda residue is the solid waste generated during the ammonia-soda process for soda ash, while there is
no effective treatment and utilization disposal method. In order to maximize residue utilization, soda residue, blast
furnace slag, steel slag, and desulfurization gypsum were used as composite cementitious material, and iron tailing
sand and waste rock were used as aggregate to prepare clinker-free concrete. Results show that by mixing 30% soda
residue, 45% blast furnace slag, 15% steel slag, and 10% desulfurization gypsum, the 28-day compressive
strength of the clinker-free concrete could reach up to 38.33 MPa. Hydration products and hydration process of the
composite cementitious material were studied through XRD, SEM-EDS, TG-DSC, and IR, and results show that
the hydration products of the composite cementitious material were mainly C =S — H gel, ettringite ( AFt), and
Friedel’ s salt (FS). The synergistic reaction mechanism between the raw materials was analyzed to further
understand the formation process of the hydration products. Moreover, durability analysis of all-solid waste concrete
demonstrates that the concrete had good frost and carbonation resistance, while its dry shrinkage resistance and
sulfate attack resistance were poor. Finally, the preparation conditions, application scope, and application
prospects of the soda residue clinker-free concrete were analyzed, which provides an in-depth scientific basis for the
harmless and resource utilization of soda residue.

Keywords: soda residue; blast furnace slag; all-solid waste concrete; hydration mechanism; synergistic

utilization ; solid waste recycling
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Tab.1 Chemical composition of raw materials %
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Fig. 1 XRD patterns of raw materials
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Tab.2 Mix proportions of concrete cementitious materials %

9 5% Wk & IR A
R20 20 55 15 10
R25 25 50 15 10
R30 30 45 15 10
R35 35 40 15 10
R40 40 35 15 10
*3 RBRELEAL
Tab.3 Mix proportions of concrete kg/m’
ERe PeEEREE AR diERt ok KGR
CR20 ~ CR40 490 935 765 205.8 3.92
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Fig.7 SEM images and EDS spectra of 28-day soda residue composite cementitious material pastes
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