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Characterization

A physisorption analyzer (Autosorb 1Q., Quantachrome) was used to determine the
pore structures of ABL biochars. An elemental analyzer (EA, Elementar UNICUBE)
was utilized to analyze the element composition. The scanning electronic microscopy
(SEM, Zeiss Gemini 300) coupled with energy dispersive spectroscopy (EDS, Zeiss
Gemini 300) was used to examine the surface morphology and chemical composition
of biochar samples. A Fourier transform infrared spectrometer (FTIR, Nicolet iS5,
Thermo Scientific) was used to determine the surface functional groups, while an X-
ray photoelectron spectroscopy (XPS, Thermo-Scientific K-Alpha) was utilized to
investigate their chemical compositions. By using an X-ray diffractometer (XRD,
Bruker D8), the crystal structure was investigated. Finally, a thermogravimetric

analyzer (TGA, TA550) was used to determine the thermal stability.
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FIGURE CAPTIONS

Figure S1
Figure S2
Figure S3
Figure S4
Figure S5
Figure S6
Figure S7

Figure S8

Effect of pH on the adsorption capacity of NOR.

TGA curve of ABL biochar samples.

NOR adsorption effect comparison of ABLB4 and commercial biochar.
Response surface method (RSM) regression analysis.

Full-wavelength scan of NOR.

SEM-EDX microphotographs of ABLB4.

Temkin isotherm of ABLB4.

UV full-wavelength scanning spectra of NOR with time. (b) UV full-

wavelength scanning spectra of NOR at different concentration.

S3



TABLE CAPTIONS

Table S1 Detailed information of involved formulas and models.
Table S2 Kinetic constants of pseudo-first-order and pseudo-second-order
models.

Table S3 Kinetic constants for the IPD model.
Table S4 Lists of maximum NOR adsorption capacity on various biochar and

other adsorption materials.

Table S5 Thermodynamic parameters for NOR adsorption.

Table S6 Energy consumption of biochar used in industrial wastewater
production ($/t).

Table S7 Elemental composition of raw ABL residues.

Table S8 ICP-OES analysis of raw ABL residues.
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Figure S1. Effect of pH on the adsorption capacity of NOR (initial concentration 200 mg/L,
adsorbent dosage 10 mg, contact time 1440 min).
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Figure S2. TGA curve of ABL biochar.
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Figure S3. NOR adsorption effect comparison of ABLB4 and commercial biochar.
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Figure S4. (a)-(c) Optimization of the NOR removal rate using response surface methodology. (d)
Comparison between the predicted value with the actual removal rate. (e)-(f) contour plot and

cube optimization for NOR removal rate.
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Figure S5. Full-wavelength scan of NOR.
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Figure S6. SEM-EDX microphotographs of ABLB4.
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Figure S7. Temkin isotherm of ABLB4.
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Figure S8. (a) UV full-wavelength scanning spectra of NOR with time. (b) UV full wavelength

scanning spectra of NOR at different concentration.
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Table S1
Detailed information of involved formulas and models.

Formulas and models Equation Parameters
Adsorption capacity _ (Co-Co)V ge (mg/g) are the adsorbed amount at an
e m equilibrium concentration (Ce, mg/g)

Co (mg/L): initial NOR concentration

Ce (mg/L): equilibrium NOR concentration
V (L): reaction solution volume of NOR

m (g): the sorbent mass

Removal rate £ (Co-Ce) Co (mg/L): initial NOR concentration
TG Ce (mg/L): equilibrium NOR concentration
Pseudo-first order Gt = (1 — e7Fat) ge and g: (mg/g) are the adsorbed amount at an

equilibrium concentration (Ce, mg/g) and a
predetermined time (t, min)
ki (min-t) is the rate constants for the PFO

model
Pseudo-second order B k,q3t k2 (9/mg min) is the rate constants for the PSO
=717 Kyqot model
Weber-Morris q: = Kit®® + ¢; Ki (mg/ (g min®®)) is the adsorption rate
intraparticle diffusion constants of intra-particle diffusion model and

Ci is the constant for film thickness of the
intra-particle diffusion model.

Langmuir _ qmaxK1LCe gmax (Mg/g) is the maximum adsorption
e =7 + Ki.C, capacity of the adsorbent

ge (Mg/qg) is the adsorption capacity at
equilibrium
C. (mg/L) is the adsorbate concentration at
equilibrium
Kv (L/mg) is the constant for the affinity
between the adsorbate and the adsorbent

Freundlich Jo = KFCel/“ Kr (mg/g)/(mg/L) " is the Freundlich constant
n is a dimensionless Freundlich intensity
parameter

AG = —RT InKy AG, AH and A4S are the Gibbs energy (KJ/mol),

activated enthalpy (KJ/mol) and the change in
entropy (J/mol K), respectively;

Kq is the distribution coefficient;

R is the ideal gas constant, whose value is 8.314 J

InKy =——— Ti | mperature (K).
nKa=—F—%r s absolute temperature (K)

Van der Hoff equation
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Table S2

Kinetic constants of pseudo-first-order and pseudo-second-order models.

Pseudo-first-order

Pseudo-second-order

Cesexp

Temperature
p M99 oy gy R iy o
298 K 188.54 0.2005 189.80 0.9984 0.00094 228.73 0.9967
303 K 181.36 0.1908 183.23 0.9923 0.00119 213.93 0.9858
313K 169.58 0.2366 169.96 0.9830 0.00219 188.42 0.9826
323K 155.39 0.3924 153.45 0.9888 0.00333 170.41 0.9844

Table S3

Weber-Morris intraparticle diffusion model of NOR adsorption by ABLB4.

First linear segment

Second linear segment

Third linear segment

Ki Ki Ki
Temperature id Ci id C id C
(mglg/ ' R? (mglg/ ! R?  (mglg/ : R?
min®?) (mg/g) min®) (mg/g) min®?) (mg/g)
298 K 72.00 35.80 0.9979 16.45 112.30 0.9839 5.14 163.80 0.7750
303 K 56.57 13.18 0.9904 1941 95.55 0.9310 4.07 161.68 0.8311
313K 66.52 18.72 0.9693 27.73 62.60 0.9786 5.76 142.14 0.7311
323 K 57.32 538 0.9907 14.44 100.63 0.9977 3.26 140.24 0.7790
Table S4
Lists of maximum NOR adsorption capacity on various biochar and other adsorption materials.
BET Total pore  Adsorbent NOR
Raw material (m/g) volume dosage concentration (mqe/ ) Ref.
Y @emig) (@) (mg/L) 99
Luffa sponge 822 0.59 0.5 50-200 250 [1]
Salix mongolica 1348 - 2 25-266 210 [2]
Porous resins and 160 ) 5 20-100 154 [3]
carbon nanotube
Spentcoffee g : 1 10-50 70 [4]
grounds
Caullf!ower roots 239 i 5 10-300 31 [5]
biochar
Pristine potato g, 0.12 4 4-20 5 [6]
biochar
Atropa belladonna g5 4 49 1 25250 251  Thisstudy
L. residue
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Table S5
Thermodynamic parameters for NOR adsorption.

Material 4G (kJ/mol) AH A4S
298 K 303 K 313K 323 K (kJ/mol) (J/mol/K)
ABLB4 -6.44 -6.20 -5.29 -3.27 -43.79 -124.45
Table S6

Energy consumption of biochar used in industrial wastewater production ($/t).

Raw  Disposal Energy Wages of Total

Sample material cost consumption workers  cost Pay back
ABLB4 15 15.3 178.2 1405 3355 852.5
Commercial biochar ~ 311.6 28.3 518.1 330 1188
Table S7
Elemental composition of raw ABL residues.
Sample C (%) H (%) O (%) N (%) S (%)
ABL residue 46.13 4.96 42.26 1.78 0.16
Table S8
ICP-OES analysis of raw ABL residues.
Sample Si Ca Mg K Fe Al Na
ABL residues  0.016 0.35 0.19 0.47 0.066 0.037 0.027
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