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Table S1 Physical Characteristics of AFHC.

parameters units AFHC

BET surface area m? g 32.9612
total pore volume cm? g! 0.133213
adsorption average pore width A 161.6603

Table S2 Elemental Composition of PHC and AFHC.

parameters units AFHC PHC
C % 33.2 66.3
H % 3.2 5.1
O % 20.8 26.0
N % 10.1 3.6
P % 13.1 ND?
Ca % 7.0 ND
Mg % 6.6 ND

ND?=not detected.

Table S3 Relative content of surface groups determined by N 1s, and C 1s spectra from XPS

for pristine hydrochar and amino-functionalized hydrochar.

Hydrochar (atomic conc. %) Surface concentration from N 1s peak of (at. %)
Pyridinic-N Amides-N  Pyrrole-N  Pyridine-N-oxide

PHC (3.04) 0.99 1.73 0.32
AFHC (9.28) 2.82 4.02 2.44

Surface concentration from C 1s peak of (at. %)

C=C C-C C-OH

PHC (78.81) 27.18 51.63
AFHC (45.22) 12.17 17.58 15.47




Table S4 Maximum adsorption capacity of Pb (II) ions on various adsorbents.

adsorbent adsorption conditions (max (Mg g7!)  reference
activated carbons 298 K, 40 min, pH=6.0 118.8 [s1]
activated carbon cloths 293 K, 12 h, pH=5.0 30.5 [s2]
carbon nanotubes 298 K, 2 h, pH=5.0 454.5 [s3]
peanut hull hydrochar RT?,24 h 22.8 [s4]
attapulgite clay@carbon RT, 40 min, pH=6.0 263.8 [s3]
pinewood hydrochar 318 K, 24 h, pH=5.0 4.25 [s6]
biochar-ealginate capsule RT, 4 h, pH=5.0 263.1 [s7]
EDTA-graphene oxide 298 K, 24 h, pH=6.8 525.0 [s8]
few-layered graphene oxide 293 K, 24 h, pH=6.0 842.0 [s9]
fungus biomass 323 K, 210 min, pH=5.0  208.3 [s10]
CaCO3-PEI NRs RT, 30 min, pH=4.0 240 [s11]
NV-PEI RT, 16 min, pH=6.0 2762 [s12]
AFHC 298 K, 30 min, pH=4.0 1114.5 this work

RT? room temperature.

Table S5 Removal efficiencies of AFHC for toxic metal ions of lead, zinc and cadmium in

different experimental systems (Pb only, Zn only, Cd only, Pb/Zn, Pb/Cd, and Pb/Zn/Cd).

Meatal Ton Experimental Initial Conc. Equilibrium %

System (ppm) Conc. (ppm) Removal

Pb/Zn 100.45 4.55 95.47

Pb Pb/Cd 105.53 6.61 93.74

Pb/Zn/Cd 97.58 3.73 96.18

Zn only 32.38 26.68 17.60

Zn Pb/Zn 32.05 25.33 20.97

Pb/Zn/Cd 31.85 29.63 6.97

Cd only 66.45 53.61 19.32

Cd Pb/Cd 65.76 51.51 21.67

Pb/Zn/Cd 58.85 52.93 10.06

Table S6 Removal efficiencies of toxic metal ions (lead and copper) by AFHC in different

experimental systems (Pb only and Pb/Cu)

Metal Ton Experimental Initial Conc. Equilibrium 9%Removal
System (ppm) Conc. (ppm)
Pb Pb only 105.06 7.54 92.82
Pb/Cu 100.52 6.40 93.63
Cu Pb/Cu 46.35 36.75 20.71
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Fig. S1. XPS wide scan spectra of PHC (a) and AFHC (b). XPS spectra of C 1s for PHC (c)

and AFHC (d).
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Fig. S2. Acid-base titration curve for the PHC (a) and AFHC solution (d), Gran plots for
titration of PHC (b) and AFHC (e), and the point of zero charge value of PHC (¢) and AFHC
(®.
Figure S2b and e shows the Gran plot of the back-titration data of the hydrochars. The
values of the Gran function (G ) were calculated as:[5!3]
On the acidic side: G, = (V) + V,, + V) x 107PH x 100 (1
On the alkaline side: G, = (Vy + Vg + V) x 10~ (138 x 100 )
where V) represents the initial volume of the suspension. V,, and V, are the total volume of
base solution and of H* added at the different titration points, respectively. The hydrogen

ions added to AFHC suspension were consumed by the following steps reflected in the Gran



plots: neutralization of excess OH7in the suspension (before V,,;), reactions with the
functional groups on amino-functionalized hydrochar surfaces (between V,,;and V,,;), and
adjustment of the total system pH (after V,,;). An obvious difference between V,; and V.,
was found for the AFHC titration, suggesting that AFHC has a certain degree of buffering
capacity in acid or base systems.[S14]

The acid-base titration data and fitting curve of PHC are shown in Fig. S2c. TOTH is
the total concentration of consumed protons in the titration process, which is calculated from
the following equation:

_(V; _I/eal).ca
Vo t+V,

TOTH = (3)

where C, is the concentration of HCI used in the acid—base titration.

The typical acid—base titration curve of AFHC is shown in Fig. S2d. The reverse S-
shaped titration curve was further transferred into two straight lines, which were
disconnected at the end points (Fig. S2e) using a mathematical method proposed by
Gran.[5!3] The point of zero charge (pH,,.) value of AFHC was 10.0 which obtained when
the TOTH equal to zero (point of zero charge of PHC was 5.6). The surface chemical
property of AFHC was alkaline, whereas the PHC was acidic, which ascribes to the
increased content of nitrogen and nitrogen functional groups and the decreased content of
hydroxyl and carboxyl in the process of synthesize AFHC (according to element analysis,

FTIR, XPS N s results).



Fig. S3. Deinonized water contact angle images of PHC (a) and AFHC (b).
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Fig. S4. Speciation distribution of Pb (II) in aqueous solution of different pHs.
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Fig. S5. The ratios of adsorption capacities of Pb and Zn (or Cd) at different

concentration ratios of Pb and Zn (or Cd).
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Fig. S6. XRD spectra of AFHC after Pb, Pb/Zn and Pb/Cd sorption.
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Fig. S7. Pb removal control experiments. Experiment conditions: 10 mg PHC +30 mg L!

P (KH,PO,) + 50 mL 100 mg L' Pb2*, 25°C, 180 rpm.
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Fig. S8. SEM images of AFHC before (a) and after Pb (b), Cd (¢), Zn (d) sorption.
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Fig. S9. The effects of organic compounds on Pb adsorption
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