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Coal Gasification Fine Slag (CGFS) is a solid residue generated at 1100—1700 °C during coal gasification,
with abundant mesopores, high specific surface area and excellent structural stability (Yan, et al., 2023). These
characteristics make it highly promising for agricultural applications, especially when combined with
superabsorbent polymers (SAPs). Such a combination enables large-scale resource utilization of CGFS and
effectively overcomes several performance limitations of conventional SAPs, which is the focus of this
systematic study.

We developed three integrated strategies to fabricate CGFS-based composite SAPs. CGFS was directly
incorporated into a polymerization system of carboxymethyl cellulose, acrylic acid and humic acid to produce a
dual- function SAP with water retention and slow-release fertilizer properties, where CGFS improved pore
connectivity and water absorption. It was also combined with Sapindus mukorossi pericarp particles to
co-stabilize a Pickering foam template, forming hierarchically porous SAPs with enhanced salt tolerance and
swelling kinetics (Liu, et al., 2024). In addition, low- temperature activation of CGFS at 300 °C under nitrogen
removed adsorbed water while preserving mesostructures, increasing active sites for stronger interfacial bonding
between the inorganic filler and organic polymer matrix (Yu, et al., 2026).

Performance evaluations confirmed the excellent comprehensive properties of the composite SAPs: water
absorbency up to 910 g/g in distilled water and 126 g/g in 0.9 wt% NacCl solution. When applied to saline- alkali
soil, the water retention period was extended from 23 to 36 days, with controlled staged release of humic acid
and other nutrients. Pot experiments showed that cabbage seedlings achieved a 45.0% increase in plant height
and 37.5% increase in total biomass. This high-value utilization of CGFS provides a new pathway for solid
waste resource recovery and supports the development of low- cost, salt- tolerant SAP materials suitable for arid
and saline- alkali regions.
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Figure 1. (A) Slow-release SAP prepared by direct incorporation of CGFS; (B) Porous SAP constructed using a
Pickering foam template stabilized by CGFS particles; (C) High-performance SAP synthesized via
polymerization regulated by the mesoporous activity of CGFS; and (D) Planting performance of a typical SAP
sample.

Reference
1. S. Yan, W. Xuan, C. Cao, J. Zhang, Environ. Res. 2023, 238, 117186.
2.Y.Liu, Y. Zhu, F. Duan, B. Mu, X. Wang, A. Wang, Mater. Today Sustain., 2024, 27, 100859.
3.Y.Yu, Y. Liu, Y. Zhu, B. Mu, X. Wang, A. Wang, Mater. Today Sustain.,2026, 33, 10.



