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Sodium alginate SA/LNPs

Figure S1. Mechanisms of cross-linking of LNPs and SA.
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Figure S2. (a) Digital image of LNPs suspension with different concentrations and (b) average particle size distribution of
LNPs at different concentrations of aqueous solution.
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Figure S3. Proposed mechanism of MB interactions between the dye and the LNPs.

Table S1. The chemical composition of lignin.

Acid .
Lignin insoluble ACIC.I SO.IUble Sugar Ash
. lignin
lignin
Kraft lignin 83.6% 5.8% 1.1% 7.4%

Table S2. The information related to MB dye.
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Table S3. TGA results of SA/LNPs composite beads.
Sample Ti Q) 1T max Maximum 2Tmax Maximum Wresidue

('C)  ratel (wt%/°C) @) rate2 (wt%/°C) (wt%)




SA powder 2371 2593 1.59 / / 33.7
SA beads 2253 2337 047 2994 0.36 37.1
SA/LNPs-10 239.7 2478 0.33 299.7 0.34 38.1
SA/LNPs-20 2354 2525 0.39 304.5 0.34 43.3
SA/LNPs-30 230.2  245.6 0.29 301.8 0.30 45.2
SA/LNPs-40 239.2  258.6 0.23 300.6 0.27 48.5
Table S4. Parameters of various adsorption kinetic models.
Kinetic model Parameters SA/LNPs-40 SA
ge" (mglg) 48.6 44.9
ge (mglg) 315 26.8
Pseudo-first-order model k1 0.0296 0.0256
R? 0.914 0.953
ge (mg/g) 48.5 44.6
Pseudo-second-order model k2 0.0055 0.0034
R? 0.997 0.991
kp1(mglg min'?2) 2.637 2.037
Intraparticle diffusion Step 1 Ci 25.258 21.935
R#? 0.985 0.927
k2(mg/g min') 0.647 0.210
Intraparticle diffusion Step 2 C 40.499 41.082
R? 0.986 0.835
kps(mglg min'2) 0.170 /
Intraparticle diffusion Step 3 Cs 45.758 /
R#? 0.871 /
@ Experiments results, ® Calculated results.
Table S5. Isotherm model parameters for adsorption.
Isotherm Parameters SA/LNPs-40
qm (mg/g) 276.1
Langmuir b (L/mg) 0.287
R? 0.978
Freundlich KF (mg!-1 L1n/g) 21.01




n 2.196

R 0.988
A (mg/L) 0.223
Temkin B 51.296
R 0.764
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Wherein, g: and g. refer the amount of adsorbed MB (mg/g) at any given time and at adsorption equilibrium,
respectively. The ki, k2 and ky correspond to the pseudo-first-order, pseudo-second-order and the Intra-particle
diffusion model rate constants, respectively. The C is the intercept (mg/g) related to the adsorption steps
signifying boundary layer.

Langmuir isotherm:

bC, q. C, 1
- 1t

= _— [ — _ 4
Qe qmax(l + bCe) Ce qm + qu (S )

Freundlich isotherm:
— o ln _ 1
qe = KrC;'" = Inq, = InKp + ;lnCe (S5)

Temkin isotherm:

qe = BlnA + Blnc, (S6)

Herein, gm» (mg/g) and b (dm?/mg) refer the constants of Langmuir isotherm; Kr (mg/g (dm¥mg)l/n) is the
adsorption capacity and 1/ is related to the adsorption intensity; A (mg/L) the equilibrium constant of the Temkin
isotherm that is associated with binding energy and B the constant of the Temkin isotherm is related to adsorption
heat.
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Rr represents the shape of isotherm with the following meanings, i.e. Ri=0 (irreversible); Ri>1 (unfavorable); R.
=1 (linear); O<Ri<1 (favorable).



