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Table S1. General characteristics of Direct Blue 86. 

Chemical structure 

 
Colour Index Number 74180 

Molecular weight 780.16 g/mol 

Chemical formula C32H14CuNa2O6S2 

max (nm) 628 and 662 nm 

 

UV-Vis spectra at different pH 

 
 

Table S2. Mathematical models used to describe the adsorption process in batch and fixed bed. 

 

Mathematical model Equation Parameters 

Mass Balance 𝑞𝑒 = (𝐶𝑜 − 𝐶𝑒)
𝑉

𝑊
 

Co and Ce are the initial and equilib-

rium concentrations respectively (mg 

L-1), V is the volume of solution (L) and 

W is the mass of adsorbent employed 

(g). 

Pseudo‐first order 𝑞𝑡 =  𝑞𝑒(1 − 𝑒−𝑘1𝑡) 

qe (mmol g-1) and qt (mmol g-1) are the 

amounts of adsorbed adsorbate at 

equilibrium and at time t, respectively, 

and k1 (h-1) is the rate constant of 

pseudo-first-order adsorption. 

Pseudo‐second order 

𝑞𝑡 =
𝑡

1
𝑘2𝑞𝑒

2 +
𝑡

𝑞𝑒

 k2 (g mmol-1 h-1) is the equilibrium 

rate constant of pseudo-second-or-

der adsorption. 

Elovich 𝑞𝑡 =
2.3

𝛼
∗ log(1 + 𝛼𝛽𝑡) 

 (mmol g-1 min-1) is the initial sorption 

rate, and the parameter  (g mmol-1) is 

related to the extent of surface 

coverage and activation energy for 

chemisorption. 



 3 of 5 
 

 

Langmuir qe =  
qmaxK Ce

1 + KCe

 

qmax is the maximum adsorption ca-

pacity of the biosorbent and K is the 

Langmuir constant indicating an affinity 

for the active site. 

Freundlich 𝑞𝑒 = 𝐾𝑓𝐶𝑒
1/𝑛 

Kf is the Freundlich constant  and 1/n is 

the heterogeneity 

factor. 

Temkin 𝑞𝑒 = (
𝑅𝑇

𝑏𝑇

) 𝑙𝑛(𝐴𝑇𝐶𝑒) 

bT (J/mol) is the Temkin constant related to the 

variation of adsorption energy, and AT (L/mg) is 

the equilibrium constant of the Temkin model. R 

was the gas constant (8.314 J/mol·K), and T was 

the absolute temperature (K). 

 

Adams‐Bohart 
𝐶

𝐶0

= 𝑒𝐾𝐴𝐵𝐶0𝑡−
𝐾𝐴𝐵𝑁0𝑍

𝑣  

KAB is the Adams-Bohart kinetic con-

stant (L mg-1 min-1), N0 is the sorption 

capacity per unit volume of the bed (mg 

L- 1), Z is the length of the column bed 

(cm) and  is the linear flow velocity (cm 

min-1). 

Thomas 

𝐶

𝐶0

=
1

1 + 𝑒𝑥𝑝 (
𝐾𝑇ℎ

𝑄
(𝑞0𝑚 − 𝐶0𝑉𝑒𝑓))

 

KTh is the Thomas rate (mL min-1 mg-1) 

and q0 corresponds to the maximum 

concentration of the solute in the solid 

phase (mg g-1). 

 

Figure S1. Effect of adsorption capacity as a function of pH in solution: ● 25 °C, ■ 35 °C, ▲ 45 °C.  
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Characterization of hydrochar prepared from agave bagasse 

 

Figure S2. Nitrogen adsorption isotherms at -196 °C for: (a) biosorbent and (b) hydrochar. 

 

Figure S3. Microphotographs of the hydrochar prepared from agave bagasse at different magnifi-

cations. 
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Figure S4. a) FTIR spectrum, b) RAMAN spectrum, and c) Thermogravimetric analysis of hydrochar 

prepared from agave bagasse. 

Lyfe-cycle assessment of adsorbent materials prepared from agave bagasse 

 

Figure S5. Diagrams created in the GaBi software for the life cycle impact assessment of both absor-

bents. 


