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Effects of biochar and potassium polyacrylate on water

characteristics of coal gangue in alpine mining area

Ma Xiaodong, Li Chuan, Zou Xingchen, Wang Zuoxiao, He Kangning
(School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] The influencing mechanisms of synergistic improvement by biochar and potassium
polyacrylate on the water characteristics of coal gangue in alpine mining areas were investigated, in order to
enhance its water-holding and moisture conservation capacity and inhibit water loss via evaporation. [ Methods] A
laboratory soil column simulation experiment was conducted with different mass fractions of biochar (1.1%,
4.3%) and potassium polyacrylate (0.12%, 0.22%, 0.32%) in combined application (six treatments in total) ,
along with a control (CK). The one-dimensional constant-head vertical infiltration method, continuous weighing
method, and cutting-ring method were employed to determine the infiltration characteristics, evaporation process,
and key water-holding parameters (saturated water content, capillary water-holding capacity, and field capacity)

of the coal gangue matrix. [ Results ] The saturated water content of all treatments increased by 7.88% to 33.35%
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compared with CK. The addition of potassium polyacrylate significantly inhibited the transport distance of the
wetting front, initial infiltration rate, average infiltration rate, and cumulative infiltration volume (p<Z0.01). The
multi-level pore adsorption of biochar, combined with the swelling and resistance-enhancing effect of potassium
polyacrylate, jointly formed a ‘slow infiltration-strong water retention’ mode. This mode effectively inhibited
rapid water infiltration and enhanced the capture and storage efficiency of water (e.g., freeze-thaw water) in the
root zone. The Kostiakov model could accurately characterize the infiltration patterns of the amended matrix (R*>
0.916, RMSE<C0.159). Treatments with high amendment rates (e.g., B,P;) showed significant evaporation
inhibition effectiveness, achieving a maximum reduction of 19.88% in cumulative evaporation loss rate compared
to CK, while maintaining higher residual water content. Under a bulk density of 1.41 g/cm®, considering water-
holding characteristics, infiltration characteristics, and evaporation inhibition performance, the optimal
amendment ratio of the coal gangue matrix was achieved in the B, P;treatment group, with a biochar mass fraction
of 4.3% and a potassium polyacrylate mass fraction of 0.32%. [Conclusion] The B,P; treatment significantly
enhances the water-holding capacity and evaporation inhibition ability of coal gangue in alpine mining areas. The
Kostiakov model demonstrates the best fit for the water infiltration process across all treatment groups.

Keywords: alpine mining area; coal gangue; biochar; potassium polyacrylate; solid waste resource utilization
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Table 1 Basic physicochemical properties of coal gangue
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Table 3 Water characteristic parameters of coal gangue under different treatments and bulk density gradients

ES Ak 2 TR K A/ %% EEKE/ N M T4 7K 4/ % SALBE/ % THEILBE/ %
B,P, 23.264+2.63" 19.95+2.57" 12.42+3.02 41.1344.30" 25.154£5.69"

B,P, 25.00+1.91" 22.23+2.82" 15.26+1.31" 41.7344.30" 27.6443.84"

B,P; 25.99+2.32" 23.0242.74" 17.50+2.15 42.404+4.61° 30.19+4.74°

ik 3 B.,P, 26.19+2.17" 23.21+2.65" 17.00+=1.41° 41.47+4.20" 28.094-3.45°
B,P, 26.98+1.53" 24.76+1.55 18.35+1.80" 42.0044.00" 29.464-4.89°

B,P; 28.75+2.17 26.17+2.37" 19.18+2.29" 43.474+4.81" 29.954+4.74°

CK 21.56+2.41° 18.394+1.90° 11.91+2.91 39.6044.00" 24.96+5.79°

1.41 27.53+2.38" 24.93+2.71° 18.154+2.49 46.0941.50" 33.45+2.44°

HKE/(geem ?) 1.51 25.274+2.47" 22.26+2.99" 15.45+2.96" 41.60+1.08" 27.26+2.48"
1.61 23.38+2.82" 20.40+2.89" 14.2443.51 37.37+1.03° 23.0443.03°

T« DL E B A BE AR i 22, =3 AN [al/ING T REAER AN [] Ak B ] I 35 22 53 (p<20.05) .
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Table 4 Fitting of wetting front transport distance and
time under different treatments

b3 u k REB R LR R RMSE
CK 6.200  0.327  D(£)=6.2007/*"  0.991  0.907
BP, 4984 0341  D()=4.984/" 0999  0.303
B,P, 4.282 0344  D()=4.2827%*  0.999  0.278
B.P, 4173 0333  D(O)=4.173/7% 0998  0.277
B,P; 2805 0.382 D()=2.805/""  0.994 0455
B,P, 3.862 0336 D(1)=3.862/"  0.992  0.571
B.P, 1695 0458  D()=1.695/*"  0.997  0.321
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Fig.4 Changes in cumulative infiltration volume
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Table 5 Two-way ANOVA of infiltration parameters of coal gangue under different treatments

L h 95 R e S S A A VR i K

r P F 2 I3 P r P r P
BC 3.41 0.09 3.93 0.07 3.62 0.08 3.91 0.07 7.90 <0.05
PKA 8.49 <0.01 1.72 0.22 8.68 <<0.01 8.86 <0.01 9.32 <0.01
BC*PKA 0.26 0.77 3.40 0.06 0.24 0.79 0.20 0.82 0.53 0.60
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Fig.5 Changes in infiltration rate of coal gangue

under different treatments
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Table 6 Model fitting and evaluation parameters of infiltration process of coal gangue

Kostiakov A 35 i Philip A 5 & #1

b B

a e R’ RMSE m n R’ RMSE
CK 2.935 0.874 0.966 0.134 5.696 —0.381 0.903 0.223
B,P, 3.644 1.629 0.965 0.157 5.665 —0.508 0.679 0.397
B,P, 3.180 1.678 0.953 0.159 4.887 —0.435 0.665 0.368
B.P, 2.825 1.450 0.965 0.122 4.554 —0.392 0.720 0.347
B,Ps 2.029 1.345 0.940 0.116 3.306 —0.266 0.721 0.251
B,P, 2.508 1.304 0.970 0.101 4.194 —0.349 0.761 0.294
B,P, 1.808 2.909 0.916 0.117 2.418 —0.206 0.530 0.280
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Fig.8 Schematic diagram of synergistic effect of biochar and potassium polyacrylate
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Table 7 Water absorption rate of test materials

P FI Rk

EHETK

0.1 $his W 0.5 $hif W 0.9% #hiE M

R/ (geg ") —
RNIGIRE/(g-g ") 277.06423.43

7.15£0.62
413.42+40.85

179.26+28.43 123.43+27.16 72.12418.76
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