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Materials

Forestry waste (Fig. S1) was obtained from Xili University Town located in Guangdong
Province, China. Before use, it was selected, dried, and ground into powder (<0.15 mm, sieved). All
chemicals involved in the present study were of analytical grade or higher. AlCI;, CaCl,,
FeSO,7H,0, HCl, KCl, MgCl,, MnSO,, NaBH,, NaCl, Na,CO3;, NaNO;, NaOH, Na;PO412H,0,
Na,SO,, NH4CI, and sodium alginate (SA) were purchased from Aladdin Chemicals Co. Ltd
(Shanghai, China). CdCl,'5/2H,0 and NaAsO, were provided by Sigma-Aldrich Co. Ltd (Shanghai,
China). In addition, all solutions were prepared with 18.2 MQ cm deionized (DI) water produced
by Milli-Q (Millipore).
Characterization methods

Scanning electron microscopy with energy dispersion spectrometry (SEM-EDS) of Mn/SA-
BC, nZVI, and Mn/SA-BC@nZVI were recorded with the application of an SU8010 SEM (Hitachi,
Japan). Elemental composition and valence state of Mn/SA-BC, nZVI, and Mn/SA-BC@nZVI were
explored using X-ray photoelectron spectroscopy (XPS) performed by a PHI 5000 VersaProbe II
spectrometer (ULVAC-PHI, Japan). X-ray diffraction (XRD) patterns of adsorbents were measured
on a D/MAX 2500X-ray diffractometer (Rigaku, Japan) with Cu target in the 26 range from 10°
to 90° (40 kV). Fourier transform infrared spectra (FT-IR) of Mn/SA-BC and Mn/SA-BC@nZVI1
were acquired by a Nicolet iS50 NIR (Thermo Scientific, USA) with the use of KBr pellets. BET
specific surface area and pore size distributions of nZVI and Mn/SA-BC@nZVI were determined
by N, adsorption-desorption experiments (Belsorp Max, MicrotracBEL, Japan). In addition,
electron spin resonance (ESR) result was measured by a JEOL JES-FA200 (ESR/EPR) spectrometer

based on spin-trap reagent 5,5-dimethyl-I-pyrroline N-oxide (DMPO).



Adsorption experiments

The adsorption kinetics of As(IIl) and Cd(II) were investigated by batch experiments based on
15 mg of Mn/SA-BC@nZVI with 30 mL of As(III) or Cd(II) solution (10 mg/L) in 50 mL glass
bottle, respectively. Each adsorption experiment was shaken in a thermostatic shaker (SHZ-C,
Changzhou, China) at 25°C and 220 rpm for the specified time. Subsequently, the suspensions were
passed through a disposable Millipore filter (0.45 um pore size) for performing subsequent analysis
using inductively coupled plasma-optical emission spectrometer (ICP-OES) (Optima 7300DV,
PerkinElmer, USA). The valence state of As was measured by Dionex ICS-3000 ion
chromatography-inductively coupled plasma mass spectrometry (IC-ICP-MS) (Thermo Scientific,
USA). The Fe(Il) concentrations in the solution were analyzed by UV-vis spectrophotometer
(Shimadzu, Kyoto, Japan) at 510 nm by employing the 1,10-phenanthroline method. Pseudo-first-
order (Eq. (S1)) and pseudo-second-order (Eq. (S2)) models were applied to investigate the
experimental data.!-? The adsorption isotherms of As(III) and Cd(II) on Mn/SA-BC@nZVI were
measured with varying initial concentrations of As(III) (5, 10, 30, 50, 100, 150, 200, 300, and 400
mg/L) and Cd(II) (5, 10, 30, 50, 100, 150, 200, 300, and 400 mg/L). Freundlich (Eq. (S3)) and
Langmuir (Eq. (S4)) models were adopted to simulate the isotherms data.’

The simultaneous removal of As(IIl) and Cd(II) was determined with Mn/SA-BC@nZVI1
dosage of 0.5 g/L with 30 mL of working solution. The initial concentration ratios of As(III) and
Cd(I) contained 1:1 (10, 10 mg/L), 1:2 (10, 20 mg/L), 1:3 (10, 30 mg/L), 2:1 (20, 10 mg/L), 2:2
(20, 20 mg/L), 2:3 (20, 30 mg/L), 3:1 (30, 10 mg/L), 3:2 (30, 20 mg/L), and 3:3 (30, 30 mg/L). The
adsorption kinetics of As(II) (20 mg/L) and Cd(II) (20 mg/L) in a mixed solution were investigated

with Mn/SA-BC@nZVI dosage of 0.5 g/L for different time intervals (0-3 h).



The effects of pH on the simultaneous removal of As(IIT) (20 mg/L) and Cd(II) (20 mg/L) were
investigated by performing experiments with initial pH values of 2-10. The pH value was adjusted
with 0.1 mol/L. NaOH or HCI solution. The effects of coexisting ions (Cl-, SO4*~, NO;~, PO4*,
CO;2, Mg?, Ca?*, NH,*, K7, and AI’") and humic acid on the simultaneous removal of As(1IT) (20
mg/L) and Cd(II) (20 mg/L) were explored by carrying out batch experiments. Besides, the batch

experiments were conducted by the same process as the adsorption kinetic experiments.
Adsorption Kinetics models

q, =q, % (1—exp(-K 1)) (S1)

t_ 1
g, K,q. q. (52)

where g, (mg/g) refers to the adsorption capacity of Mn/SA-BC@nZVI, g, (mg/g) is the
adsorption capacity of Mn/SA-BC@nZVI at time t (min), K, (min™') represents the pseudo-first-

order rate constant, and K, (g/mg/min) indicates the pseudo-second-order rate constant.

Adsorption isotherm models

_q,xbxC,
& 1+b+C, (53)
g, =K, xC"™ (S4)

where C, (mg/L) is the equilibrium concentration, b (L/mg) is the Langmuir bonding term,
q,(mg/g) is the adsorption capacity of Mn/SA-BC@nZVI, g,, (mg/g) is the Langmuir maximum

capacity, K, (L~mg(/g) stands for the Freundlich affinity coefficient, and n denotes the

Freundlich linearity constant.



Table S1. Parameters of pseudo-first-order and pseudo-second-order kinetic models for the

adsorption of As(III) and Cd(II) by Mn/SA-BC@nZVIL.

Kinetic models Single solution Mixed solution

As(Il)  CdI)  As(I)  Cd(D)

pseudo-first-order R? 0.900 0.966 0.837 0.945
Ki(min) 0.087 0.122 0.1724 2.694
qe(mg/g) 17.963 17.963 32.321 29.135

pseudo-second-order R2 0.964 0.989 0.958 0.970
K (min) 0.040 0.023 0.036 0.193

qe(mg/g) 18.033 18.080 32.680 29.165

Table S2. Isotherm parameters of Langmuir and Freundlich for the adsorption of As(IIl) and Cd(II)

by Mn/SA-BC@nZ V.

Isotherm models As(1IT) Cd(1II)
Langmuir R? 0.991 0.990
B(L/mg) 0.012 0.020

Qum(mg/g) 121.283  120.898
Freundlich R2 1 0.999
Ky 113.541 126.971

n 7.629 5.409




Table S3. Comparation of the Langmuir maximum capacity (q,) of carbon-based adsorbents for

As(IIl) and Cd(II).
Absorbents dm (mg/g)/equilibrium time(min)  Absorbent refs
dose (g/L)
As(II) Cd(In

Mn/SA-BC@nzZVl  121.28 120.90 0.5 this work
FMBC 95.23 1 *
RSB-beads 158.77 0.2 ’
POSB 46.2 0.2 ¢
Fe/Zn-RBC 98.58 1 !
Fe/Zn-DBC 161.14 1 ’
Ce/Mn binary oxide  97.7 0.2 ’
Fe-modifies biochar  56.06 2 ’
Fe-NN/BFs 70.22 1 10
ZVI-RO 15.58 1 !
FeCl;BC900 5 10 .
Fe;04/SS-BC 39.47 2 .
MBB 25.04 458 25 o
BCTD 72.62 118.06 1 P
nZVI-BC 33.81 148.5 0.25 10
GMB 169.0 73.7 0.166 v
Ca-MBCl 6.34 10.07 2 '

Table S4. Radical concentration of *OH at different times.

Free radical content

Time (min)

(spins/mm?)
0 0
5 1.042*10"3

10 2.490*10"3




Fig. S1. Schematic diagram of forestry waste.
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Fig. S2. Wide-scan survey XPS spectra of Mn/SA-BC, nZVI, and Mn/SA-BC@nZVI.
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Fig. S3. The pH values of (a) adsorption kinetics and (b) adsorption isotherm solution with Mn/SA-
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Fig. S4. The deposition rate of Cd(II) with varying pH value.
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Fig. S5. As(III) adsorption kinetics fitted by pseudo-first-order and pseudo-second-order models.
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Fig. S6. Cd(II) adsorption kinetics fitted by pseudo-first-order and pseudo-second-order models.
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Fig. S7. The release of Fe(Il) from nZVI and Mn/SA-BC@nZVI in the reaction system without

added As(III) and Cd(II).
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Fig. S8. Adsorption isotherm of As(III) onto the Mn/SA-BC@nZVI with Langmuir and Freundlich

equations.
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Fig. S9. Adsorption isotherm of Cd(II) onto the Mn/SA-BC@nZVI with Langmuir and Freundlich

equations.
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Fig. S10. As(III) adsorption kinetics fitted of mixed solution system by pseudo-first-order and

pseudo-second-order models.
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Fig. S11. Cd(II) adsorption kinetics fitted of mixed solution system by pseudo-first-order and

pseudo-second-order models.
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Fig. S12. Effects of initial pH value on the synergistic adsorption of As(IIT) and Cd(II) by Mn/SA-

BC@nZVL.

95 [ ]As(I)

80 +

Removal efficiency (%0)
-]

-]
<
1

=2}

o—=n
.|.I.|\\|

1 2 3 4 5
Recycle times

Fig. S13. Removal efficiency of As(Ill) on Mn/SA-BC@nZVI after repeated adsorption cycles.

Initial concentration of As(IIT): 10 mg/L, respectively, adsorbent dose: 0.5 g/L, shaking speed: 220

rpm, shaking time: 6 h, and temperature: 25°C.
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Fig. S14. SEM images results of the samples after Mn/SA-BC@nZVI adsorbed of (a) As(Ill), (b)

Cd(1l), and (c) As(IIl) and Cd(II), respectively.



¥ nZVI
* 2
. Al Y A
nZVI As(III)
0 5 ¥
B e SR . A
w
@ nZ VI Cd(II)
k= « x
¥ Fe PDF#S?-O?M
|

‘ H | © FeAsO, PDF#21-0909
[
‘ ‘ ‘ CdFe204 PDF#22-1063

. I T
10 20 30 40 ’50 60 70 80 90
2 Theta (degree)

Fig. S15. XRD patterns of nZVI before and after the adsorption of As(Ill) and Cd(Il).
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Fig. S16. XPS spectra of (a) Mn 2p, (b) Fe 2p, (c) C 1s, and (d) O 1s of Mn/SA-BC@nZVI before

and after adsorption of As(Ill) and Cd(II).
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Fig. S17. Adsorption kinetics of As(IIl) and As(V) on Mn/SA-BC@nZVI. Initial concentration of

As(III) or As(V): 10 mg/L, respectively, adsorbent dose: 0.5 g/L, shaking speed: 220 rpm, shaking

time: 6 h, and temperature: 25°C.
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