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Effect of process parameters on the carbonation performance and
microstructure of steel slag-based CO, sequestered fiber sheet
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Abstract: The effects of process parameters on the carbonation performance and microstructure of steel slag-
based CO, sequestered fiber sheet (CSFS) were investigated. An orthogonal experimental design was employed
to investigate the effects of forming pressure, carbonation curing time, CO, pressure, and curing temperature

on the CO, uptake, saturated flexural strength, and water absorption of CSFS. The optimal process parameters
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for mechanical performance were determined as follows: forming pressure of 30 MPa, CO, pressure of 0.3
MPa, curing temperature of 20 °C, and carbonation curing time of 24 h. Range analysis indicated that curing
temperature had the most significant effect on all measured properties, followed by carbonation curing time,
while CO, pressure and forming pressure exhibited comparatively minor effects. Microscopic analysis shows that
the carbonation reaction of steel slag generates calcite-dominated calcium carbonate crystals, which fill pores
and deposit on the surface and interior of pulp fibers, thereby enhancing the interfacial bonding between fibers
and the matrix. Pore structure tests indicate that the optimized process parameters can effectively reduce
porosity and refine the pore size distribution. The production cost of CSFS is lower than that of traditional fiber
cement flat sheets, while offering comprehensive benefits including solid waste resource utilization, CO,
sequestration, and low-carbon building material applications.
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Table 1 Chemical composition of the steel slag
Bz %
CaO  Si0, MgO ALO, Fe,0, SO, Na,O other
44.16  8.68  3.07 1.56  33.90 0.17 0.33 8.13

1.C,;S  6:Ca(OH),
2 2c,5  T:CaFe0s

7 3:Fe,0;  8:(Mg0)g 435(F0)g 564
4:FeO  9:CaCO,

10 20 30 40 50 60 70

E1 $RiEHR XRD EE
Fig. 1 XRD pattern of steel slag
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Fig. 2 Particle size distribution of steel slag
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Table 2 Physical properties of pulp fibers

UK /mm ARE/CSR)  WE/g R/ % WIE/Y
1.81 25 11.32 7.41 4.5
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Table 3 Orthogonal test design

KT BOEE T/ BAFE CO 1/ FI R
MPa [a] /h MPa BE/C
1 25 6 0.1 20
2 27.5 12 0.2 50
3 30 24 0.3 80
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Table 4 Orthogonal test results of CSFS

ETRE A/MPa B/h C/MPa D/C CO, IR /% TR BT 58 B /M Pa WK/ %%
NO. 1 25 6 0.1 20 6.11 7.68 15.73
NO. 2 25 12 0.2 50 4.90 7.30 16.18
NO. 3 25 24 0.3 80 4.85 6.82 16. 25
NO. 4 27.5 6 0.2 80 4.34 4.69 16. 88
NO. 5 27.5 12 0.3 20 8.26 9.25 15. 31
NO. 6 27.5 24 0.1 50 6.77 7.92 15. 86
NO. 7 30 6 0.3 50 4.75 7.29 15.78
NO. 8 30 12 0.1 80 3.84 5.32 16.76
NO. 9 30 24 0.2 20 7.51 10. 12 15.16
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Table 5 Analysis table of range of various indicator factors
A Ef=RaN A B C D AR R

K1 5.29 5.07 5. 57 7.29
A K2 6.46 5.67 5.58 5.47

CO, W=/ % D>B>A>C
K3 5.37 6.38 5.95 4.34
R 1.17 1.31 0.38 2.95
K1 7.27 6.55 6.97 9.02
K2 7.29 7.29 7.37 7.53

MK B30 B /MPa D>B>C>A
K3 7.58 8.29 7.79 5.61
R 0.31 1.74 0.82 3.41
K1 16. 05 16.13 16.12 15.40
K2 16.02 16. 08 16. 07 15.94

WK 2/ % D>B>C>A
K3 15.9 15.76 15.78 16.63
R 0.15 0.37 0.34 1.23
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Fig.3 Effect of each factor on CO, uptake ratio
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Fig. 4 Effect of each factor on water-saturated flexural
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Fig. 5 Effect of each factor on Water absorption
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Fig. 11 Pore volume fraction and porosity of CSFS
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