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1 Supplementary tables and figures

Table S1 Physicochemical properties diclofenac and its sodium salt !

Identity criteria Diclofenac* Sodium diclofenac
Chemical name (TUPAC) 2—[2—(2,6—di'ch101roanilino) Spdium ;2—.[‘2—(2,6—
phenyl]acetic acid dichloroanilino) phenyl]acetate
CAS number 15307-86-5 15307-79-6
EU number 239-348-5 239-346-4
Molecular formula C14H11CLaNO2 C14aH10C12NO2Na
O Na*

< -,

—&
Molecular structure cl NH—

- 5

- cl

==
Molecular weight (g.mol™) 296.15 318.13
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Water solubility (mg.mL™) 0.00237 0.00482
Log Kow 4.15 4.26
pKa 4.51 4.0

* Relation Molecular weight Diclofenac / Diclofenac sodium salt = 0,9309. No difference between Diclofenac /
Diclofenac sodium salt was made with the effect data. A standardisation of the test results may not be needed,
because of the small difference in molecular weight of both compounds.

Table S2 BET surface area and pore structure parameters of PB and PBG

Samples BET surface area Total pore volume Average pore diameter
(m?/g) (cm’/g) (nm)
PB 222.74 0.0133 2.39
PBG 70.15 0.0586 3.34

Table S3 FTIR assignment of functional groups on each adsorbent surface

Wavenumber PB PBG Functional group and commonly | References
assigned component
(cm™)
3406 \ O-H bending vibrations, which show 5
3433 N the presence of surface hydroxyl
groups and physically adsorbed water
2917 V C-H stretching vibrations in alkane or 3
2921 N alkene groups on the surface of the
carbons
2346 \ \ O-H stretch in carboxylic acid group 4
1582 \ Combination of conjugated C=0 5
groups stretching vibration and C=C
1579 v IS
aromatic rings (lignin)
1526 \ N-H bending formation 6
1463 v -C-H stretching from CH> and CH3 7
1460 V
1403 v COO" symmetric stretching (shifted to 8

Volume 78, Issue 2, 2026

© 2026 Theoretical Biology Forum. All Rights Reserved.




THEORETICAL BIOLOGY FORUM

ISSN: 2283-7175 | https://tbfpeerjournal.org/ 62
1398 N higher wavenumber 1403)
1095 \ C-O stretching vibration of the 59
1036 N carboxylic acid group
678 v Fe-O stretching 10
492 v
Table S4 Parameters associated with pseudo-second-order kinetic model under the co-existing of
common ions
Co-existing metal ions Co-existing anions
Parameters
Ca?* | Mg?" | Mn?*" | Zn* Fe?* Cr NOs | COs* |SO4* | PO
qe (mg/g) | 172.5 | 198.8 |223.6 |93.2 176.6 226.0 |207.6 |2394 |14.7 226.0
ko 4.3e-4 | 5.1e-4 | 2.4e-4 | 1.6e-3 | 2.4e-4 3.5¢-4 | 2.5¢e-4 | 1.6e-4 |3.5¢-3 |1.1e-3
(g/mg.min)
R? 098 1099 098 |0.58 0.94 0.96 0.94 0.97 0.93 0.91
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Figure S1 Energy-dispersive' X-ray spectroscopy (EDS) analysis of (a) PBG and (b) PB;
(c) Average particle size distribution of PBG
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Figure S2 (a) XPS survey spectra of two sample (modified and unmodified biochar)
(b) C 1s high-resolution spectra and (c) O 1s high-resolution spectra of PB sample
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Figure S3 Effect of temperature on the DCF adsorption by PBG
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2 Supplementary interpretations

2.1 Method used to calculate adsorption capacity

The concentration of sodium diclofenac (DCF) for both the initial and equilibrium
solutions was determined by the ultraviolet (UV-visible) spectrophotometry method, using an
equipment of Shimadzu Corporation, Japan (UV-2550). The wavelength of the highest
absorbance of DCF was found at the value of 276 nm from literature researches. The conversion
of the absorbance to the concentration was determined through the linear coefficient obtained

from the calibration curve of sodium diclofenac. The equation is described as follows:

c-2 1
v (1

Where C is the concentration of DCF solution (mg/L), A is the absorbance at 276 nm and v is the
linear coefficient of the calibration curve.

The adsorbed DCF amount was calculated by the difference between the sorption
solution concentrations at initial time and equilibrium time. The adsorption capacities were

obtained by the following equation:

(Co—Ce)V
Qe =" @)
Where g (mg/g) is adsorption capacity; C, and C. are the initial and equilibrium concentration of
DCF (mg/L), respectively; V and W are the volume of the solution (L) and adsorbents doses (g),

respectively.
2.2 Models applied for the kinetic studies

There are three main steps during the adsorption process, including (1) molecular mass
transfer from the solution to the adsorbent surface occurs; (2) diffusion of adsorbate to the
boundary layer and (3) finally diffusion from the adsorbent surface into internal adsorbent sites
via pore diffusion '!. The adsorption kinetic models such as pseudo-first-order, pseudo-second-
order, Elovich and intraparticle diffusion model were applied to the adsorption systems.
Pseudo-first-order model

The PFO model was developed by Lagergren '2. In this model, the difference between the

amount of adsorbed adsorbate on the adsorbent at equilibrium adsorption time and a defined time
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are determined by the adsorption process rate. The equation used for determining adsorption
process in accordance with PFO is given as follows:

In (ge-q0) = In qe — kit 3)

Where, q. and q; are adsorbed (mg/g) DCF on the adsorbents at the equilibrium point and time t
(min), respectively, and k; is the rate constant of adsorption (1/min).
Pseudo-second-order model

The PSO model rate equation is known as the Ho and McKay rate equation and can be

written as follows:

t 1 1
—=—t+— (4)

Where ge and q; are defined similar to the parameters in the PFO model, while k» (g/mg/min) is
the second order adsorption rate constant. Accordance with PSO model proposes that the
adsorption process is governed by chemisorption.
Elovich model

The Elovich model has been widely used to describe chemical adsorption processes and
suitable for systems with heterogeneous adsorbing surface. The Elovich equation is given as

follows '3
1 1
Q= Eln(a[}) + Elnt %)

Where « is the initial sorption rate (mg/g.min) and B is the desorption constant (g/mg) '°. The
constants can be obtained from the slope and intercept of a straight-line plot between q; and
In(t).
Intraparticle diffusion model

The intraparticle diffusion model is an appropriate tool to study the diffusion mechanism
of adsorbate molecules on adsorbents. Intraparticle diffusion-based mechanism proposed that
uptake of DCF by adsorbents varies proportionately with the square root of contact time (t'?).
Weber and Morris proposed this kinetic model '* and the model equation can be written as
follows:

qi-kiat'"?+C (6)
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Where q: (mg/g) is the adsorption capacity at time t, ki (mg/g.min"?) is the intraparticle diffusion
rate constant and C is the intercept and represents the boundary layer thickness. The higher the C
value, the higher the effect of the boundary layer.
2.3 Models applied for the isotherm studies
Langmuir isotherm model

Langmuir isotherm model was proposed by Irving Langmuir '° based on the assumption
of homogeneous monolayer adsorption onto the adsorbent surface without re-adsorption of the
adsorbate. The Langmuir isotherm model can be demonstrated by the following equation:

ol @

Je OmaxKL  Odmax

Where C. (mg/L) and qe (mg/g) are the equilibrium concentration of the adsorbate and the
amount of adsorbed adsorbate per unit mass of adsorbent at equilibrium, respectively; qmax is the
maximum adsorption capacity and Ki (L/mg) is Langmuir constant.
Freundlich isotherm model

The Freundlich isotherm model is often used for the description of the multilayer and
heterogeneous adsorption of adsorbate onto the adsorbent surface (reference). The model

equation is presented in Eq (6):

Inge = InKr + (®)

nlnCe

Where qe (mg/g) and C. (mg/L) are defined similar to Eq (5), while K¢ [(mg/g)/(mg/L)""]

represents Freundlich adsorption affinity coefficient.
Temkin isotherm model

The Temkin isotherm proposes a brief interpretation on adsorbent-adsorbate interactions.
In this model, the effect of adsorbate concentrations is excluded. Then it is assumed that the
adsorption heat linearly decreases with the coverage of adsorbed molecules layer, and this
decrease is due to the interactions between the adsorbed molecules on the surface. The equation

of Temkin isotherm can be illustrated as follows:

RT
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Where br (J/mol) is the Temkin constant related to the heat of sorption, Kt (L/g) is the Temkin
isotherm constant, R (8.314 J/mol. K) is the idea gas constant and T (K) is the absolute

temperature.

Further, sorption energy, E (kJ/mol) can be calculated from b constant '®: E =

5l-
o

2.4 Error functions

The fit quality and the accuracy of the parameters obtained from kinetic and isotherm studies
were evaluated through determination coefficient (R?), adjusted determination coefficient (R%q),
sum of squared errors (SEE), Chi-square test (y%), and average relative error (ARE), as showed in

Eqgs (10)-(14):

Z?(Qe,exp - Qe,cal)2

RE=1- 2P (de,exp — demean)? (10)

R = 1- (1)) (11)

SSE = ¥iL1(deexp — eca)’ (12)

2=¥n (de,exp—Ue,cal)’ (13)
Ge,cal

ARE = % in=1 |de,exp—de,calli (14)

Je,exp

Where qeca and qeexp are respectively, the calculated and the experimental value of the

equilibrium adsorbate concentration in the solid phase (mg/g), n is the number of data points.
2.5 Thermodynamic study

Thermodynamic study is conducted to investigate the temperature effect on the
adsorption process. The thermodynamic parameters including standard free-energy change
(AG), standard enthalpy change (AH®) and standard entropy change (AS®) are investigated by

using the following equations:
AG’ = —RTInK° (15)

AG" = AH’ — TAS? (16)
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Where R (8.314 J mol! K™) is the universal gas constant, T (K) is the absolute temperature and
K° could be calculated by plotting InK4 (Ka = qe/Ce) versus Ce and extrapolating Ce to zero. The
values of AH’ and AS? can be determined from the slope and intercept of the plot of AG® against
T, respectively.

The AG® value indicates whether the adsorption process is spontaneous or not. If the AG? value
is negative, the adsorption takes places spontaneously. Furthermore, AH’ value provides the
information about whether the adsorption process is endothermic or not. The adsorption process

is endothermic when the AH? is a positive value.
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