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Supplementary Information

Supplementary Table S1: Linearized equations of the four adsorption isotherm models studied.

Isotherm model Linearized Equation Parameter | Significance References
Ce 1 Ce . . .
—= — + — Jm Maximum dye adsorption capacity (mg g-!)
de  dub 4y
Langmuir 1918 [1]
) Monolayer adsorption on Constant related to affinity of binding sites )
Langmuir b & Dabrowski
homogeneous adsorbent surface (L mg™)
2001[2]
R = 1 R Dimensionless  separation factor (R;< 1
L=
1+bC, - represents favourable adsorption)
1 Adsorption capacit
logq,= logK, + —logC, Kr P pasty
n (mg!Vn g T L7 Ayawei et al. 2015
Freundlich : : — :
Multilayer adsorption on Adsorption intensity (1<n<l10 represents strong [3]
n
heterogeneous adsorption surface interaction)
RT RT .
q, = TIRK rt TInC . Kt Temkin constant (L mg™)
Heat of adsorption decreases Ringot et al. 2007
Temkin linearly with increase in adsorbent [4] & Shahbeig et
coverage The Temkin isotherm is b Constant related to heat of adsorption (J mol!) al. 2013 [5]
valid for only an intermediate
range of ion concentration
The D-R isotherm expresses . .
dm Maximum monolayer adsorption .
D-R Isotherm Gaussian energy distribution on Ayawei et al. 2015
heterogeneous surface. B exponent that lies between 0 and 1 3]




Inq, = Inq,, - ﬁez

1
£= RTln(l + —)
C

e

E =

S -
=

Mean adsorption energy (J mol-!)




Supplementary Table S2: Linearized equations of the three adsorption kinetic models studied.

Kinetic model

Linearized Equation

Parameter

Significance

References

Pseudo first-

kq
log(q,-q,) = logq, - (mt)

Qe

Quantity of dye adsorbed at equilibrium (mg g!)

Lagergren 1898 [8]

o Lagergren’s  equation  describes q Quantity of dye adsorbed at time, t (mg g!) and Annadurai &

order Kinetics .

adsorption in solid — liquid systems Krishnan 1997 [9]

) ) ] k; Rate constant of pseudo first-order adsorption (min!)

based on sorption capacity of solids

r _ 1 N l ¢ . Rate constant of pseudo second-order adsorption

a kzqezz e ? (g mg! min!)
Pseudo second- | It predicts the behaviour of Mckay & Ho 1999
order Kinetics | molecules over the whole range of o . . [10]

) Qe Equilibrium adsorption capacity (mg g'!)

adsorption process. Also useful for

calculation of q,

q;= kito's +C k; Intra — particle diffusion rate constant (mg g-! min--)

Weber — Morris model is important

to describe the overall mechanism of
Intra — particle adsorption. It assumes that if the plot Weber & Morris

diffusion of q; versus t%° is linear and passes C Intercept 1964 [11]

through origin, then intra — particle
diffusion is the sole rate — limiting

step.




Supplementary Table S3: Linearized equations and their significance studied for evaluation of adsorption thermodynamics.

Linearized equation Parameters Significance
Change in free energy, AG is the measure of spontaneity and feasibility of
AG the process. If the value of AG is negative, the process is spontaneous in
_ _ nature.
Change in free energy equation
AG = —RTinK Equilibrium constant, k is obtained from the ratio of concentration of adsorbate
K on the surface of adsorbent to the concentration of adsorbate in the solution and
1s important for determining AG.
AH Change in enthalpy, AH gives an indication of whether the process is
, ] exothermic or endothermic in nature.
Van’t Hoff equation
Ink = (AS/R) = (AH/RT) AS Change in entropy, AS is the measure of increase or decrease of randomness

of the adsorbate - adsorbent system.
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