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Transport of single La—modified biochar in a sand column and its co—transport with Cr( VI )

GU Xinfeng, PAN Hui, ZHANG Lianyi, DING Zhuhong"

(School of Environmental Science & Engineering, Nanjing Tech University, Nanjing 211816, China)

Abstract: In order to investigate the transport of rare earth metal-modified biochar in soil-groundwater, lanthanum, a common rare earth
element, was used to prepare modified biochar in this study. The lanthanum—modified biochar was then ball-milled to obtain fine biochar
particles (La—BC). The transport and retention of La—BC alone (single—transport ), and together with Cr( VI ) (co—transport), in a saturated
quartz sand column were studied at different conditions of flow rate, pH, ionic strength, and humic acid concentration. The results showed
that the mass recovery of La—BC in the effluent increased from 58.0% to 73.4% in single—transport and ranged from 78.7% to 80.1% in co—

"to 1.5 mL -+ min™". The peak relative concentration (C,/Cy) values of La—BC

transport when flow rate was increased from 1.0 mL - min”
breakthrough curves in single—transport and co—transport increased from 0.66 to 0.93 and from 0.80 to 0.85 when pH increased from 5 to 7.
The peak C/Cy values of La—BC breakthrough curves were reduced to 0.05 in single—transport when ionic strength increased to 5 mmol - L™,
and to 0.81-0.75 in co—transport. The mass recovery in the effluent was reduced by about 13 percentage points and about 3 percentage
points in single—transport and co—transport when humic acid concentration increased from 0 to 10 mg+L™". Compared with single—transport,
the existence of Cr( VI ) in co—transport inhibited transport of La—BC under neutral conditions in a saturated medium and promoted its
transport under other experimental conditions. Therefore, appropriately low flow rate, low pH, a certain ionic strength, and humic acid
concentration contribute to the retention and stabilization of the modified biochar.

Keywords : La—modified biochar; Cr( VI ); quartz sand media; co—transport; retention; soil; groundwater
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Table 1 Column experiment conditions

S G bz BT AL JE AL TR e
Experiment  Flow rate/  pH  lonic strength/ Humic acid

number  (mL-min™) (mmol-L") concentration/(mg-L™")
D1 1.0 5 0 0
D2 1.5 5 0 0
D3 2.5 5 0 0
D4 1.5 7 0 0
D5 1.5 5 1.0 0
D6 1.5 5 5.0 0
D7 1.5 7 0 5.0
D8 1.5 7 0 10.0
Gl 1.0 5 0 0
G2 1.5 5 0 0
G3 2.5 5 0 0
G4 1.5 7 0 0
G5 1.5 5 1.0 0
G6 1.5 5 5.0 0
G7 1.5 7 0 5.0
G8 1.5 7 10.0
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Ri=1+pK,/0 (3)
B=(0+fpK.)/(6+pK,) (4)
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w=a(1-B)R, Ll (8)
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Figure 1 Adsorption of Cr( VI) by La—-BC at different initial pH
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Figure 2 Breakthrough curves of La—BC at different flow rates ,pH, IS and HA concentrations
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Figure 3 Effects of flow rate,pH, IS and HA concentration in La-BC with Cr( VI) co—transport
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Experimental ~ Average linear (Rd). (I.CI.) ® (@) . (a) . Equilibrium R
. . .,y Retardation  Partition Instantaneous Mass transfer  Primary kinetic rate . .
nber ellodipflanamr) factor factor  adsorption site fraction coefficient constant/min”" exchange site fraction
D1 0.45 1.01 0.003 0.999 0.038 1.360 0.899 0.989
D2 0.68 1.60 0.179 0.624 0.019 0.002 — 0.965
D3 1.10 1.69 0.206 0.593 0.023 0.003 0.003 0.989
D4 0.69 1.01 0.003 0.999 0.028 0.153 0.099 0.973
D5 0.68 3.11 0.635 0.322 0.169 0.004 0.001 0.915
D6 0.69 21.5 6.200 0.046 0.140 0.001 — 0.976
D7 0.67 1.44 0.133 0.695 0.017 0.002 0.002 0.979
D8 0.66 1.52 0.156 0.659 0.018 0.002 0.003 0.983
Gl 0.46 1.04 0.012 0.961 0.009 0.008 — 0.997
G2 0.69 1.86 0.262 0.539 0.029 0.002 0.003 0.990
G3 0.96 1.77 0.229 0.564 0.016 0.001 — 0.935
G4 0.69 1.26 0.075 0.792 0.024 0.005 — 0.994
G5 0.68 1.80 0.238 0.556 0.001 0.001 0.001 0.987
G6 0.69 1.24 0.072 0.809 0.015 0.004 0.013 0.985
G7 0.65 1.18 0.055 0.845 0.015 0.004 — 0.970
G8 0.68 1.68 0.204 0.596 0.007 0.001 0.002 0.953
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Figure 4 Distribution of La—BC in sand column
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