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General

Crude fish oil was obtained from the industrial processing of small pelagic fish into fishmeal
from Morocco. The raw oil was filtered to remove residual solid particles prior to use.
Commercial vegetable oil, consisting predominantly of soybean oil, was used as received.
Elemental sulfur (CAS Number: 7704-34-9) was purchased from Sigma-Aldrich and used
without further purification. Natural montmorillonite clay (MMT) was obtained from Southern
Clay Products Inc. (Gonzales, TX, USA) under the trade name Cloisite-Na*. Graphene oxide

(GO) was synthesized from graphite powder using a modified Hummers’ method."

Fourier transform infrared (FT-IR) spectra were obtained with a Perkin-Elmer Spectrum 100FT-
IR spectrometer on pure samples (ATR FTIR) at room temperature (25°C). Spectra were
collected in 32 scans with a 4 cm™ spectral resolution from 4000 to 399 cm™. 'H and "*C liquid
NMR spectra were obtained at 25°C on a JEOL 600MHz spectrometer. The chemical shifts ()
are reported in ppm relative to Si(CHs). for the 'H and '*C nuclei after calibration of the spectra
using the residual solvent of the deuterated chloroform (CDCls) as an internal reference. The
material was first solidified using liquid nitrogen and then ground into a fine powder. This
powder was subsequently added to a deuterated solvent in an NMR tube and subjected to
prolonged sonication until a visually homogeneous dispersion was obtained. The CHNS/O
elemental analyzes were carried out using a Perkin Elmer 2400 series Il analyzer.
Thermogravimetric analysis (TGA) was carried out with a Mettler Toledo TGA/DSC 3+ thermal
analyzer over the range of 25 to 750 °C under air or nitrogen flow (80 mL min™'), at a heating
rate of 2 °C min™'. Differential scanning calorimetry (DSC) measurements were performed on
a TA Instruments Q100 calorimeter over a temperature range of —20 to 140 °C, using heating
and cooling rates of 5°C min™' under a continuous nitrogen flow of 50 mL min-'. X-ray powder
diffraction (XRD) patterns were collected on a Bruker D8 Advanced AXS diffractometer
equipped with a monochromatic Cu Ka1 radiation source (A = 1.5418 A) and operated at 40
kV and 30 mA. X-ray patterns were recorded in the region of 5-80° with a step size of 0.02°
(step time = 0.5 s). Nitrogen sorption isotherms at 77 K were measured with a Micromeritics
Tristar |l Plus apparatus. Before measurement, samples were degassed for 8 h at 100°C to
remove any physisorbed species. The surface area (Sger) was determined by applying the
multipoint B.E.T. algorithm on a linear portion at relative pressures between 0.04 and 0.25. The
pore volumes were estimated from the volume of nitrogen adsorbed at relative pressure of
0.99. Scanning electron microscopy (SEM) images were taken using a JEOL JSM 6700F
equipped with an energy-dispersive X-ray spectroscopy (EDS) detector. The solids were
directly deposited on a carbon tape. UV-visible spectroscopy was measured in the 200-800
nm wavelength range on a PerkinElmer Lambda 1050 spectrometer equipped with an

integrating sphere.



Metal ions, methylene blue and 12 adsorption

Adsorption experiments were carried out to evaluate the performance of the FO@S-based
adsorbents toward Au®*, Fe®*, methylene blue (MB), and iodine (I2). For each test, a fixed
amount of adsorbent (10 mg) was added to 20 mL of the corresponding contaminant solution

and the mixture was stirred at room temperature under batch conditions.

For Au®* adsorption, a HAuCls aqueous solution with an initial concentration of 307 mg/L was
prepared. A volume of 20 mL of this solution was contacted with 10 mg of the adsorbent and
the suspension was stirred for 24 h. The remaining concentration of Au®* was quantified using
UV-visible spectroscopy at 307 nm. The adsorption of Fe*" was performed similarly using a
FeCls solution at an initial concentration of 50 mg/L. In this case, 20 mL of the prepared solution
was mixed with 10 mg of adsorbent and stirred for 24 h, and the Fe3* concentration after

treatment was determined by UV-visible analysis at 300 nm.

Methylene blue adsorption studies were carried out using its solutions at initial concentrations
of 160 mg/L or 320 mg/L. In each experiment, 10 mg of adsorbent was added to 20 mL of the
dye solution and stirred for 24 h. The residual MB concentration was measured by UV-visible
spectroscopy at 657 nm. lodine adsorption was performed using a hexane solution of |, with
an initial concentration of 253.8 mg/L. A 20 mL aliquot of this solution was mixed with 10 mg of

adsorbent and stirred for 4 h, and the remaining l> concentration was monitored at 522 nm.

After adsorption, the FO@S-based materials were separated from the solutions using a

strainer, while elemental sulfur (Sg) was removed by centrifugation.

The removal (R, %) and adsorption capacity (Q, mg/g) were calculated using equations (1)
and (2). In these equations, C; is the initial concentration of the solution (mg/L), Cs is the final

concentration (mg/L), m is the mass of adsorbent (g), and V is the volume of solution (L):
R (%) = (Ci - Cr)*100/C; (1)
Q (mg/g) = (Ci - C)*V/m (2)

Adsorption isotherm experiments were performed by contacting 10 mg of FO@S_50:50 with
20 mL of Fe®* solutions at different initial concentrations (10, 25, 50, 100, 150, and 170 mg/L)
under continuous agitation for 24 h. After reaching adsorption equilibrium, the suspensions
were separated, and the residual Fe®* concentration in the supernatant was determined by UV-
vis spectroscopy. The equilibrium adsorption capacity (Qe, mg/g) was calculated using
Equation (2), and adsorption isotherms were obtained by plotting Qe as a function of the

equilibrium concentration (Ce, mg/L).



Figure S1. Visual appearance of fish oil and vegetable oil monomers and their corresponding
products obtained via inverse vulcanization.
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Figure S2. FTIR spectra of FO and FO@S_X:Y.
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Figure S3. 'H and "*C NMR spectra of FO and FO@S_X:Y
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Figure S4. XRD of elemental S8 and FO@S_X:Y before removal of unreacted elemental
sulfur.
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Figure S5. Nitrogen adsorption—desorption isotherms of FO@S_X:Y
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Figure S6. DSC of FO@S_X:Y.
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Figure S7. FTIR spectra of FO@S_50:50-GO and FO@S_50:50-MMT.
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Figure S8. SEM-EDX elemental maps (C, S) of (a) FO@S_50:50-GO and (b) FO@S_50:50-MMT.
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Table S1. Expected and experimental elemental composition (C, H, S, O) and C/H ratio of of
FO@S_X:Y samples (considering fish oil with the formula Cs7H10406 (C = 77.4 wt%, H = 11.8

wt%, O = 10.8 wt%, C/H = 6.56)

Sample Cc Cc H H S S (0] o CH
(exp) | (found) | (exp) | (found) | (exp) | (found) | (exp) | (found) | (found)

FO@S_70:30 | 54.18 58.60 8.26 7.93 30.00 | 24.69 7.56 8.67 7.39

FO@S_50:50 | 38.70 51.14 5.90 6.98 50.00 35.71 5.40 8.08 7.33

FO@S_30:70 | 23.20 31.53 3.54 413 70.00 58.68 3.24 4.44 7.63

14




Table S2. Thermogravimetric analysis of FO@S-based composites

Materials Under air Under N2
T50 (°C) Residue at T50 (°C) Residue at
600°C (wt%) 600°C (wt%)

FO 388 0.0 - -

S8 264 0.0 - -
FO@S_70:30 358 0.0 390 11.0
FO@S_30:70 253 0.0 363 11.8
FO@S_50:50 354 0.0 399 10.6

FO@S_50:50-GO 374 0.0 - -
FO@S_50:50-MMT 382 5.0 - -

15




Figure S9. Photographs of FO@S_50:50 powder in different solvents and acids at room
temperature, when 500 mg of material was dispersed in 5 mL of solvent.
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Figure S10. Demonstration of the compressibility and elastic recovery of FO@S_50:50
foam.

Compression Expansion

]nnm:r’rl >

2

"

17



Figure S11. Physical transformation of FO@S_50:50 from foamed to powdered adsorbent
material
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Figure S12. Amount adsorbed of Au(lll) and Fe(lll) using Ss, FO@S_X:Y, FO@S_50:50-GO

and FO@S_50:50-MMT.
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Figure S13. Adsorption isotherm of Fe(lll) onto FO@S_50:50
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Figure S14. Amount adsorbed of MB using Ss, FO@S_X:Y, FO@S_50:50-GO and

FO@S_50:50-MMT.
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Figure $16. Release of |, absorbed by FO@S_50:50 in ethanol
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Figure S17. Visual appearance of FO@S_50:50 powder before and after I, adsorption

Before After

24



Table S3. Comparative adsorption performance of inverse-vulcanized materials and

FO@S-based composites toward Au(lll), Fe(lll), and Methylene blue

Species Monomer Removal (%) Adsorption Ref
removed (initial Capacity
concentration, (mgl/g)
contact time)
Au(lll) Edible blending oil 99.9 (100ppm, 1h) 20.7 2
Diallyl dimethylammonium 94 (1000ppm, 0.5h) 602 3
chloride
1,4-butadiyl-3,3"-di-1- 99 (200ppm, 8h) 636.5 4
vinylimidazole bromide
FO@S_50:50 94 (178ppm, 24h) 58 This work
FO@S_50:50-GO 99 (178ppm, 24h) 61
FO@S_50:50-MMT 96 (178ppm, 24h) 58
Fe(lll) Canola oil 95 (50 ppm, 24h) 0.8 5
Dipentene, garlic oil, diallyl 83 (100ppm, 24h) - 6
disulfide, and myrcene
FO@S_50:50 95 (17ppm, 24h) 29 This work
FO@S_50:50-GO 94 (17ppm, 24h) 28
FO@S_50:50-MMT 79 (17ppm,24h) 23
Methylene 1,3-diisopropenylbenzene 96 (8ppm, 3h) 7.7 7
blue
FO@S_50:50 99 (160ppm, 24h) 32 This work
10 (320ppm, 24h) 64
FO@S_50:50-GO 96 (320ppm, 24h) 810
FO@S_50:50-MMT 99 (320ppm, 24h) 840
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