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Text S1. Adsorption isotherms

The adsorption isotherms are often used to describe the relationship between the
equilibrium adsorption capacity (qe, mg/g) and the equilibrium concentration (Ce, mg/L),
which is helpful for revealing the adsorption mechanism [1]. In this study, two isotherm
models, such as Langmuir (Equation 1) and Freundlich (Equation 2) models [2,3], were
used to study the equilibrium of copper ions between liquid and solid phases:

Ce/qe = Ce/qm+1/(KLqu) 1)
lgqe = ngF+(1/n)><lgCe )

Where qe (mg/g) is the sorption capacity at equilibrium, and Ce (mg/L) is Cu (II) concentration at
equilibrium. gm is the saturation capacity of the sorbent (mg/g), Kv is the adsorption constant (L/mg),
Kr [(mg/g) (L/mg)'"] is a Freundlich constant related to the relative adsorption capacity and n is an
empirical parameter indicating adsorption intensity. As shown in Figure S3C, the solid points rep-
resent the experimental data and the solid lines are the fit lines. The parameters of the adsorption
isotherm model were listed in the Table S3. The R? value (0.9808) of the Freundlich model was
greater than the R? value (0.9208) of the Langmuir model, proving that the adsorption process of
LAC was more suitable to the Freundlich model, and LAC exhibited a maximum adsorption capac-
ity up to 79.65 mg/g. This result proved that the adsorption of copper ions by LAC belonged to
multi-layer adsorption and heterogeneous adsorption, which was beneficial to the improvement of
the adsorption capacity of LAC [4].

Text S2. Adsorption kinetics

The adsorption kinetics of LAC adsorption of copper ions was studied using two
kinetic models, such as pseudo-first-order (Equation 3) and pseudo-second-order (Equa-
tion 4) [5]:

lg(qe—qt) = lgge—kixt 3)
t/qi= 1/(kaxqe®)+t/qe 4)

Where qt (mg/g) is the amount adsorbed at time t (min), and qe (mg/g) denotes the amount adsorbed
at equilibrium, ki (min"') and k2 (g/(mg min)) represent the adsorption rate constants. The results
were shown in Figures S3B and D. The calculated values of kinetic parameters and correlation coef-
ficients were presented in Table S3. The R? values of the first-order model and the second-order
model were both greater than 99%, indicating that the adsorption of copper ions by LAC included
both physical adsorption and chemical adsorption [6]. This was also one of the reasons for the effi-
cient adsorption capacity of LAC.
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Text S3. LAC cycle adsorption

25 mL Cu (II) aqueous solution (20 mg/L, pH = 5.8) and 20 mg LAC were added to
the flask. Stirred the mixture at room temperature for 120 min. After 120 min, the liquid
was filtered through 0.45 um membrane to collect the liquid. Then the filtrate was ana-
lyzed by ICP to determine the content of remaining Cu (II). In order to study the reusabil-
ity of LAC, the absorption and adsorption cycle experiments were carried out. For desorp-
tion experiments, LAC loaded with Cu (II) in Step 1 was transferred to 50 mL 0.1 mol/L
HCI solution and stirred at 150 rpm at room temperature for 2 h. Cu (II) concentration in
solution could also be determined by ICP to judge the degree of desorption. After desorp-
tion, the LAC was repeatedly cleaned to neutral with deionized water and then dried to
constant weight at 105 °C to repeat Step 1 (this cycle was repeated 4 times) [7].

Table S1. The preparation conditions for LBFs.

Sample = METAC/Lingin-1 ABIN dose Temperature Time

number mass ratio (g) (°C) (h) Mw (g/mol) -~ Mn (g/mol) DI
1 2 0.18 60 4 326480 238300 1.37
2 4 0.3 50 4 384930 253240 1.52
3 4 0.3 60 4 471590 323010 1.46
4 4 0.3 70 4 426480 346730 1.23
5 4 0.3 80 4 376810 234040 1.61
6 4 0.3 60 2 293470 206680 1.42
7 4 0.3 60 3 376420 283020 1.33
8 4 0.3 60 5 478660 325610 147
9 6 0.42 60 4 483640 350460 1.38
10 8 0.54 60 4 452460 353480 1.28

Table S2. Surface area of lignin-2 and LACs.
Samples Immaculate ratio (phosphoric acid: lignin) Seer (M?/g)
lignin-2 / 5.45
LAC-1 0.5:1 503.68
LAC-2 1.5:1 637.97
LAC 2.5:1 806.74

Table S3. Parameters of adsorption isotherm models, pseudo-first-order and pseudo-second-order
kinetic model for the adsorption of Cu (II) on LAC.

Langmuir Freundlich
qm(mg/g)  Ki(L/mg) R? Ke[(mg/g)(L/mg)n] n R?
80.46 0.07 0.9208 23.2 4.47 0.9808
. Pseudofirstorder  Pseudosecond-order
ki(min-) qe(mg/g) R2 kz(g/(mg min)) qe(mg/g) Rz

0.19 24.37 0.9987 0.05 24.70 0.9993
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Scheme S1. Polymerization schemes of the copolymerization of lignin with METAC, and
homopoly-mer PMETAC.
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Figure S1. FTIR spectra of KF and fractionated lignins.
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Figure S2. (A) 3-O-4 alkyl-aryl ethers; (B) resinols; (D) spirodienone substructures; (FA) ferulic acid;
(PCA) p-coumaric acid; (H) p-hydroxyphenyl units; (G) guaiacyl units; (S) syringyl units.
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Figure S3. Effects of (A) initial concentration of copper ions, (B) contact time on the removal rate
and the adsorbance. (C) Adsorption isotherms of Cu (II) on LAC, and fitting by Langmuir and
Freundlich. (D) Adsorption kinetics of Cu (II) by LAC and fitting by pseudo-second-order model
and pseudo-first-order model.
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