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Mechanisms of Transport and Retention of Ball-milled Nano-biochar in Saturated Porous

Media
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Abstract: Ball-milled nano-biochar was used to simulate the nano-biochar produced in aging process in this study, and
one-dimensional column transport experiments were carried out to investigate the effects of ionic strengths (IS), pH and flow
velocity of different background solutions on the transport and retention characteristics of ball-milled nano-biochar in quartz sand
porous media. The convective dispersion model and DLVO theory were used to fit the breakthrough and retention curves, and the
transport parameters such as deposition rate coefficients were obtained. The results showed that the transport rate of ball-milled
nano-biochar was significantly increased under low IS, high pH and high flow velocity conditions. Due to the negative increases
of Zeta potentials of both ball-milled nano-biochar and quartz sand under low IS and alkaline environments, which enhanced the
electrostatic repulsion between them. In addition, the high dispersion of ball-milled nano-biochar in alkaline environment
enhanced the migration of ball-milled nano-biochar. Moreover, the residence time of ball-milled nano-biochar in quartz sand
column was decreased with the increase of water flow velocity due to advection diffusion. Meanwhile, the increase of shear force
took a disadvantage on the sorption of nanoparticles on quartz sand.
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Fig. 1 Schematic diagram of column transport experimental setup
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Table 1 Experimental conditions and fitted parameters of two-site kinetic retention models of ball-milled nano-biochars in column test

RN gs =2 i IS pH J i [mCR (%) K, Kig Sinaxi R?
(mL/min) (mmol/L) A W B (min") (min") (mg/g
1 2 1 7 88.31 14.19 102.50 0.001 2 0.000 11 0.077 3 0.943 9
2 2 10 7 66.48 25.03 91.51 0.0189 0.000 14 0.203 8 0.9332
3 2 50 7 41.53 69.61 111.14 0.058 8 0.000 22 0.498 9 0.902 2
4 2 1 4 63.89 27.79 91.68 0.0189 0.000 13 0.2322 0.9153
5 2 1 7 88.31 14.19 102.50 0.001 2 0.000 12 0.077 4 0.943 9
6 2 1 10 99.69 7.20 106.90 0.000 03 0.004 33 0.041 2 09752
7 0.5 1 7 72.64 19.96 92.61 0.002 7 0.000 13 0.139 1 0914 6
8 1 1 7 80.37 16.60 96.97 0.003 7 0.000 13 0.083 4 0.988 6
9 2 1 7 88.31 14.19 102.50 0.001 2 0.000 11 0.077 2 0.943 9
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Table 2 Physicochemical properties of ball-milled nano-biochars

T H BRI AN AW s
BET LI (m”/g) 257.68
2 A FL R AR B (cm®/g) 0.14
TEM V-4 5i 1% (nm) 3+1
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C(%) 66.56

H(%) 227
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1 2 3 4 5 6 7
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El2 RENKREVRKN TEMQFREZESHE (B)
Fig.2 TEM image (A) and particle size distribution (B) of ball-milled nano-biochar
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Table 3 Zeta potentials of ball-milled nano-biochars and quartz sands and DLVO parameters under different background solutions
5P Zeta HL AL (mV) KITERE Dinax Drnin H
T T (m) (D (D o
1 -33.0 —48.1 325.7 587.376 -0.023 1 122
2 -25.5 -47.5 331.1 347.647 -0.3456 28
3 -20.8 —44.9 460.2 257.433 —2.8554 10
4 -28.7 —46.6 301.5 431.979 —0.0221 118
5 -33.0 —48.1 325.7 587.376 —0.023 1 122
6 -36.3 -55.3 303.9 685.969 —0.020 7 123
7 -33.0 —48.1 325.7 587.376 -0.023 1 122
8 -33.0 —48.1 325.7 587.376 -0.023 1 122
9 -33.0 —48.1 325.7 587.376 —0.023 1 122
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Fig.3 Observed and fitted breakthrough curves(A)and retention profiles(B)for ball-milled nano-biochars at varying IS conditions
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Fig. 4 Observed and fitted breakthrough curves(A)and retention profiles(B)for ball-milled nano-biochars at varying pH conditions
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Fig. 5 Observed and fitted breakthrough curves and retention profiles for ball-milled nano-biochars at varying flow velocity conditions
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