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1. Calculation of the Segal crystallinity index  

Relative crystallinity of cellulose, was determined using Eq. (1), Eq. (2). 1,2 

Cellulose Ⅰ: CrI%=
I(002)-Iam

I(002)

×100 (1) 

Cellulose Ⅱ: CrI%=
I(110)-Iam

I(110)

×100 (2) 

where I(002) and I(110) are the diffraction intensity of the central crystalline peak (002) 

and (110). Iam was the diffraction intensity of the amorphous cellulose.  

2. Adsorption thermodynamics 
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The adsorption processes of cellulose aerogel to urea at 25, 37 and 50 ℃ were 

investigated by Langmuir, Freundlich model in the work. 

The linear equation of Langmuir model is as follows: 
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Where qe is the adsorbed amount of urea in an equilibrium state, mg/g; Ce represents 

the equilibrium concentration of urea, mg/L; C0 is the initial concentration of urea, 

mg/L; KL represents the adsorption equilibrium constants of the Langmuir model, L/g; 

qmax is the theoretical maximum adsorption capacity of Langmuir models, mg/g. 

The linear equation of Freundlich model is given by: 
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The "1/n" in the Freundlich isotherm model reflects the intensity of adsorption. If 

the value of 1/n is less than 0.5 means that the adsorbate is easily adsorbed; while the 

value more than 2, the adsorption is unfavorable. 3 

Where qe and Ce are the same as Eq. (3); Kf represents the adsorption equilibrium 

constants of the Freundlich model, mg/(g·(mg/L)1/n);  

The Gibb's free energy (ΔG,4 kJ/mol), adsorption enthalpy (ΔH, kJ/mol) and 

entropy of adsorption (ΔS, J/(mol·K)) were calculated to better analysis the 

mechanism of the adsorption process. The formulas are as follows: 

 K = Kf
n (5) 
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 ΔG = -nRT (6) 

 lnK = -
ΔH

RT
 + C (7) 

 ΔS = 
ΔH - ΔG

T
 (8) 

3. Adsorption kinetics 

Kinetic experiments were carried out to study the adsorption behavior of urea by 

cellulose aerogel. The experimental data were fitted and analyzed by 

pseudo-first-order kinetic (PFO), pseudo-second-order kinetic (PSO) model. 

The equation of PFO is given in the following: 
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The equation of PSO is given in the following: 
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where qe is the adsorbed amount of urea in an equilibrium state, mg/g; qt is the 

adsorption capacity at time t, mg/g; k1 is the rate constant of the PFO model, min-1; k2 

is the rate constant of the PSO model, g/ (mg·min). 

The apparent rate constant k1 was determined from the kinetic experimental data 

and used to calculate the apparent activation energy. It can be estimated in linear form 

by the following equation: 

 lnk = lnA - 
Ea

RT
  (11) 

where k is the apparent rate constant, min-1; A is the pre-exponential factor, min-1; Ea 

is the apparent activation energy, kJ/mol. 
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Since the PFO and PSO model did not provide the information on the diffusion 

of urea adsorbed by 3CA, an intraparticle diffusion model was used to explain the 

diffusion mechanism. 

 q
t
 = Kidt0.5 + C             (12) 

where Kid is the intraparticle diffusion rate constant, mg/(g·min0.5); C is a constant 

related to the thickness of boundary layer, mg/g. 
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