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Table S1 Equation kinetic models.

k
Pseudo-first order Log(q. — q;) = Log q. — — ¢ (1)
2.303
Pseud d ord ‘ ! + ‘ (2)
seudo-second order —= —
A ky @ 4e
Intraparticle diffusion qr = kgt + G 3

q:: amount of MB adsorbed in a time t (mg g'); qe amount of MB adsorbed at equilibrium (mg g
1; t: time (min); k;: pseudo first order adsorption rate constant (min™'); k»: constant speed of pseudo
second order (g mg! min); kg : Intraparticle diffusion rate constant (mg g ' min""?); C;: constant

(mgg").



Table S2 Equations models isotherms.
C, 1 C,

Langmuir E = 0..K, @ (1)
Freundlich LogQ. = LogKr + %LogCe (2)
Non-dimensional separation factor R, = ; 3
1+ K, C;
Temkin Qe = Rb—TLnKT + RTTLnCe 4)
Dubinin—Radushkevich Ln (q.) = Ln(qs) — Kgq €2 (5)
Constante de Dubinin—Radushkevich € =RTIn (1 + C%) (6)
Free energy E = - (7)
NI

Ce : MB concentration in equilibrium (mg L™!); qe: amount of MB adsorbed at equilibrium (mg g
1; Qm: maximum capacity of adsorbate (mg g '); Kv.: constant of Langmuir (L g); K. Freundlich
dissociation constant (mg g '); n: constant related to reaction intensity; Rr: non-dimensional
separation factor; Ci: is the initial concentration of MB (mg L™); b: constant associated with the
heat of adsorption (kJ mol™!); Kr: Temkin constant (L g'); T: temperature (K); R: gas constant
(0.008314 kJ mol! K™); gs: theoretical capacity of isothermal saturation (mg g), kuq: isothermal
constant of Dubinin—Radushkevich (mol? kJ?); e: Dubinin—Radushkevich constant; E: Free energy
(KJ mol™).

Table S3 shows the data corresponding to the proximate analysis and elemental analysis of
biomass (OP). High volatile material content (87.15%) and average fixed carbon content (8.90%)
were found, indicating that a reasonable amount of carbon is available for thermochemical
transformation. In addition, the high elemental content of carbon (43.60%) indicates that OP is a

suitable precursor for the preparation of adsorbent materials.



Table S3 Biomass analysis data
Proximate Analysis

Elemental Analysis (Wt %)*
Biomass Moisture Content (%) (Wt %)*

MV  CF Ashes N C H S o°

OP 7.42 87.15 8.90 3.95 0.60 43.60 5.60 0.20 50.00
MV: Volatile material; CF: Fixed Carbon; N: Nitrogen; C: carbon; H: Hydrogen; S: Sulfur; O: Oxygen

OP: Orange Peel Biomass
*Onadry basis  °By difference (0% = 100% - C% - N% - H% - S%)
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Figure S1 FTIR spectra of calcined materials at different temperatures.



Table S4 Parameters for the different kinetic models for the adsorption of MB on OP, AZOP-550 and AHOP.

Material 0] AZOP-550 AHOP
Co (mg L) 50 100 150 200 250 50 100 150 200 250 50 100 150 200 250
Qeexp (mg g7) 35.35 83.35 107.51 138.40 146.26 48.89 100.08 141.52 180.59 190.19 41.80 77.05 87.84 96.37 108.14

Pseudo first order

ki (min™) x 10~ 0.18  0.16 0.81 0.60 0.16 5.99 0.94 0.35 0.28 0.02 463 267 320 435 442
qe (mg gh) 11.02 16.63 2628 34.15 3156 2279 3639 63.56 109.67 119.67 19.69 38.67 42.78 49.42 55.74
R’ 0.68 045 0.67 0.61 0.43 0.96 0.82 0.87 0.95 092 092 092 093 095 0.88

Pseudo second order

k: (g mg! min?) x 10 0.18  0.09 0.07 0.05 0.06 1.33 0.13 0.03 0.01 0.01 - - - - -
qec (mg g™ 3472 84.03 111.11 138.89 147.06 49.26 101.01 142.86 185.19 22222 40.98 72.46 84.75 94.34 109.89
R’ 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Intra-particle Diffusion

Kai (mg g min'?) 6.04 1568 16.83 19.27 21.08 1030 1550 13.07 13.11 13.80 8.77 13.90 17.11 1943 21.11

Ci(mggh) 331 1177 1458 27.88  26.36 5.36 4.67 11.80 10.83 11.85 449 649 7.01 880 10.21

R? 0.89  0.81 0.86 0.78 0.82 0.90 0.96 0.90 0.91 091 09 092 093 092 0091

Ka (mg g"' min'?) 0.60  0.67 1.09 0.68 0.89 0.54 3.89 4.12 4.82 537 069 151 151 1.13 1.96
C>(mgg™) 2247 6623  88.19 11995 12020 4390 5425 6329 6127 5871 34.85 58.13 69.40 82.85 87.21

R’ 098 0091 0.97 0.73 0.78 0.85 0.95 0.95 0.98 098 0.83 088 0.81 0.77 0.81
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Figure S2 pH pzc of adsorbent materials. A: OP; B: AZOP-550; C: AHOP.
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Figure S3 Graphs of the adsorbents (OP, AHOP and AZOP-550) for kinetic models with the

equation (Co 50 mg L.
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Fig. S4 Graphs of the adsorbents (OP, AHOP and AZOP-550) for isotherm models with the

equation.



Table S5. Total energy (Hartree) of all systems

System Total energy
Pristine -2680.464443
MB+ -1182.544357

Pristine. MB+ (mt-)
Phenol (-OH)

Ar-OH MB+ (nt-m)
Ar-OH MB+ (H-bonding)
Ar-COOH
Ar-COOH_MB+ (mt-1t)
Ar-COOH_MB+ (H-bonding)
Ar-COO-
Ar-COO-MB+ (electrostatic-m1)
Ar-COO-MB+ (electrostatic-m2)
Ar-COO-MB+ (electrostatic-m3)
Ar-COO-MB+ (electrostatic-m4)
Ar-CO
Ar-CO-MB+ (1t-1r)

-3863.008475
-2755.682871
-3938.22802
-3938.236415
-2869.023318
-4051.568077
-4051.577932
-2868.555377
-4051.105465
-4051.113211
-4051.112613
-4051.112396
-2755.104225
-3937.646012




