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Figure S1. FT-IR of HGnr samples before (black line) and after (red line) the five sorption cycles.
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Figure S2. Surface appearance of HGnr (a) before and (b) after the five sorption cycles.



Figure S3. SEM image of HGnr sample after the five sorption cycles.
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Figure S4. Raman patterns of HGnt sample after the five sorption cycles.

Isothermal studies

Isothermal studies were conducted employing Langmuir (Equation S1), Freundlich (Equation S2), Redlich-
Peterson (Red-Pet, Equation S3), Sips (Equation S4), Dubinin—-Radushkevich (Dub-Rad, Equation S5), and

Temkin (Equation S6) models.
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where gmx denotes maximum adsorption capacity of adsorbent (mg g?), C. the dye concentration at
equilibrium (mg L), ki, kr, ks, and Ar the Langmuir, Freundlich, Sips, and Temkin constants, nr and ns the
Freundlich and the Sips exponents; krr and are the characteristic parameters of the Red—Pet isotherm, for and
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¢ the activity and Polanyi coefficients of Dub—Rad isotherm.
The equilibrium parameter R: of Langmuir model was calculated according to the Equation (S7):
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The Specific Surface Area (SSA) was calculated according to the following equation (S8):

SSA = N4Ap(Co—Co)V (S8)
MpMg

Where Na is the Avodadro’s number (6.023 102 mol'), Ap is the covered area per dye molecule, Co and C. the
initial and equilibrium dyes concentration, V the volume of dyes solution used, Mb the relative molecular mass
of dyes, Ms the mass of samples.

The sorption capacity grr of Red-Pet model was calculated according to the following equation (S9):

qrp = “BE (S9)

aRp
Polanyi coefficients of Dub—-Rad isotherm was calculated according to the following Equation (S10):
€ =RTIn(1 + Ci) (S10)
The apparent energy of adsorption mechanism (E) of Dub—Rad model was calculated according to the
following equation (S11):
E=(2p)"? (S11)
The free energy of the sorption process (B) of Temkin model was calculated according to the following
equation (S12):

p=% (512)
bt

Where bris a Temkin constant.

Kinetic studies

Kinetics studies were conducted using six models describing pseudo-first order (Equation S13), pseudo
second-order (Equation S14), Avrami (Equation S15), fractional power (Equation S16), intraparticle diffusion
(Equation S17), and Elovich (Equation S18) kinetics:

Pseudo-first order qr = qo(1 — e~kat) (S13)
Pseudo-second order q: = aait (S14)
1+kaqet
Avrami g = q.[1 — el~(kat)™]] (S15)
Fractional power qe = kpt? (S16)
Intraparticle diffusion qr = kit +C (S17)
Elovich g, = %m (aBo) (S18)

with g. being the adsorption capacity of adsorbent at equilibrium (mg g?), ki, k2, ka, ky, and ki the kinetic
constants of pseudo-first order, pseudo-second order, Avrami, fractional power, and intraparticle diffusion
models, n and v the Avrami and fractional power exponents, @ and  imply the initial absorption and the
desorption rates of Elovich model
x? values were calculated according to the following Equation (519)
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Mean diameter of hydrogels pore

The mean diameters of hydrogels pore (£) were determined by applying the empirical model proposed in the
literature [37] according to the following Equation (S20):

£=0071¢ 3(M,.)"> (S20)



Here, M., the molecular weight of the polymer chain between two neighbouring crosslinking points, is
calculated according to Equation (S21):
M = ~dpvm1 3 [In(1 = §) + ¢ + x¢?] (s21)

um1 represents the molar volume of the swelling media, while x and ¢ are the Flory-Huggins interaction
parameter and the polymer volume fraction in the swollen state, respectively.
¢ is calculated by following Equation (522):

o=l )+ " S

dp and ds are the densities of polymer and solvent; Ws and W the weight of polymer before and after 3 h
swelling, respectively.

X was calculated experimentally from the temperature coefficient of volume fraction (d¢/dT) according to
Equation (523):
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Here, (d¢/dT) is the slope obtained by plotting the volume fraction data versus temperature (in K), while N is
calculated according to Equation (524):
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Batch kinetics and equilibrium adsorption studies

The adsorption capacity at time t (g:) and at equilibrium () were expressed using the following Equation (525)

and Equation (526):
g =X (S25)

qe = % X V (526)



