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Mineralization maintenance of steel slag-fly ash solid waste composite

alkali-inspired cementitious materials

SONG Xia, ZHAO Chuanwen, SONG Yujia, GUO Yafei, KONG Xiao
(School of Energy and Mechanical Engineering, Nanjing Normal University, Nanjing 210023, China)
Abstract: Aiming at the problems of steel slag solid waste occupying resources and polluting the environment, the combination of steel
slag and CO, mineralisation and sequestration technology can achieve the resourceful use of industrial solid waste and CO,. Through the
study of steel slag-fly ash composite alkali-inspired cementitious materials in the natural and mineralisation maintenance conditions,
different CaO and water glass dosing, water glass modulus, mineralisation maintenance pressure and length of time on the samples of the
carbon sequestration rate and compressive strength of the samples, under the condition that the mass fraction of CaO and the modulus of
the water glass of 2.2 are 15% and 4% respectively, it is found that the samples of carbon sequestration and compressive strength of the
carbon sequestration rate and compressive strength of the samples are up to 7.86% and 158 MPa, respectively, with the best overall
performance. Among them, CaO doping and the carbon sequestration rate of the samples are positively proportional to each other, when
the doping mass fraction of CaO was 0, the carbon sequestration rate was only 0.35%. When the doping mass fraction of CaO was
increased to 15 %, the carbon sequestration rate was up to 7.86%, which shows that CaO plays a decisive role in the enhancement of
carbon sequestration rate. With the increase of mineralisation maintenance pressure, the carbon sequestration rate increases from 4.82%
to 7.86%. When the duration of mineralisation conditioning was increased from 0.25 h to 1.5 h, the increase of carbon sequestration rate

was 124%. XRD results show that after 28 d of mineralisation maintenance, the diffraction peak of Ca(OH), disappeared and the calcite
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content increased significantly, which shows that Ca(OH), carbonates with CO,, generating a large amount of calcite with better stability

and effectively realizing CO, sequestration. The results of SEM test show that a large amount of calcite generated from the samples after

mineralisation conditioning is closely attached with C-S—H gel and fly ash vitreous body, which is conducive to the improvement of

compressive strength. The pore distribution before and after conditioning is determine mercury compression test. Compare
pressive strength. The pore distribution bef d after CO, conditioning is determined by ry pression test. Compared

with natural conditioning, the pore space of the samples after mineralisation conditioning decreases dramatically, and the mineralisation

products play a good role in filling up, so the strength of the samples is significantly improved. Combined with the economic analysis, it is

found that the mineralised steel slag-fly ash alkali-inspired cementitious material has good comprehensive performance and economic

benefits.
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Table1 Chemical composition mass fractions of raw materials %
R Ca0O SO; MgO P,0; Fe,0, Si0, ALO; FAtb
SFALES OB 98.000 — — — — — — 2.000
B 5.665 2.103 15.339 — 0.856 45.106 24.221 6.710
LRI 53.749 0.498 3.368 0.776 23.379 11.940 1.249 5.041

R2 BB R

Table 2 Ingredients for alkali-activated cementitious materials

S /g
FE TR L HEARAR KK L
it IR AALES IR Y5 7K
Y-1 180 420 0 0 130 2.2 0.216
Y-2 180 306 90 24 185 2.2 0.308
Y-3 180 396 0 24 135 2.2 0.225
Y-4 180 366 30 24 130 2.2 0.216
Y-5 180 336 60 24 160 2.2 0.266
Y-6 180 330 920 0 135 2.2 0.225
Y-7 180 282 920 48 160 2.2 0.266
Y-8 180 258 920 72 160 2.2 0.266
Y-9 180 330 90 24 135 1.0 0.225
Y-10 180 306 20 24 130 1.4 0.216
Y-11 180 282 90 24 160 1.8 0.266
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Fig.1 Preparation process of blocks
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Fig.2 Experimental setup of mineralization reaction
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Fig. 3 Carbon sequestration rate and compressive strength after

natural and mineralized curing with different CaO dosages
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Table 3 Comparison of performance effects of similar systematic methods and processes for preparation of alkali-inspired

cementitious materials

B R Bl & ) B /% FI AR FRAP PR SR 3/ MPa WAL IR YU SR /M Pa WA
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Wit Na,$i0;. NaOHAHICa(OH), — 26.5 — SCHR[17]
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Fig. 4 Carbon sequestration rate and compressive strength after

natural and mineralized curing with different water glass moduli
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Fig. 5 Carbon sequestration rate and compressive strength after

natural and mineralized curing with different water glass dosages
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Fig. 6 Carbon sequestration rate and compressive strength at different mineralization conservation pressures
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Fig. 7 Carbon sequestration rate and compressive strength at different mineralization conservation durations
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Fig. 11 Reaction mechanism diagram of hydration and mineralization processes
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