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Figure S1. Calibration curve of paraquat solution for UV-Vis determination.



Table S1. The equilibrium concentration (Ce), equilibrium capacity of paraquat adsorption (ge), and Ce/ge value of zeolite

NaY samples at concentration 100 to 1000 mg/L.

Sample name/Experiment

Concentrations of

paraquat solution Y-WG Y-NG Y-RG
1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd
Ce 1.33 1.29 1.24 1.33 1.38 1.35 1.89 2.06 1.92
Ij}?& ge 38.76 38.04 3850  38.02 38.75 38.84 36.88 37.96 38.01
Ce/ge 0.035 0.034 0.032 0.035 0.036 0.035 0.051 0.054 0.051
Ce 7.74 7.71 6.57 8.89 6.55 7.81 69.87 69.24 68.14
;;I(L ge 94.08 95.77  93.09  94.92 95.85 93.87 96.74 96.37 96.76
Ce/ge 0.082 0.081 0.071 0.094 0.068 0.083 0.014 0.014 0.014
Ce 131.58  142.27 131.18 158.79 103.74 15792 30421 30791 307.85
;}c())ron ge 143.63  139.23 14435 13225 155.09 132.59 77.39 74.60 74.05
Ce/ge 0.916 1.021 0.909 1.201 0.669 1.191 3.931 4.128 4.158
Ce 369.84 365.59 355,51 35277 35295 38328 549.14 56759 571.72
}Zsron ge 150.26  152.24 152.61 156.70 153.30 144.95 14646 149.73  150.31
Ce/ge 2461 2.401 2329 2251 2.302 2.644 6.971 8.106 8.209
Ce 62434 609.21 61746 530.57 531.94 529.65 758.13 80594 798.14
}1)(;22 ge 146.46  149.73 15031 181.60 185.00 186.65 93.75 75.81 79.63

Ce/ge 4.263 4.069 4.108 2921 2.875 2.838 8.087 10.632  10.023
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Figure S2. Plot of Langmuir (a) and Freundlich adsorption isotherm (b).

Table S2. Paraquat adsorption of zeolite NaY samples.

Maximum adsorption capacity of paraquat,qm (mg/g)

Sample
1st trial 2nd trial 3rd trial Means
Y-WG 149.25 151.52 151.52 150.76 + 1.30
Y-NG 178.57 178.57 175.44 177.53 +1.81
Y-RG 89.29 74.07 76.92 80.09 + 8.09
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Figure S3. XRD pattern (a) and FTIR spectra (b) of untreated and chemical-modified grass.

Figure S3 presents XRD pattern and FTIR spectra of cogon grass in its natural state and after treatment.
The treated grass exhibits notable changes compared to the raw grass, primarily attributed to the disruption
of crystalline cellulose, hemicellulose, and lignin components within the lignocellulosic biomass. As a result,
the treated grass becomes more susceptible to cellulose presence [1].

Following the acid treatment, a distinctive peak at 896 cm™, corresponding to the 3-glycosidic linkage
between glucose units in cellulose, becomes absent in the RG sample. This absence suggests the cleavage of
bonds and decomposition of cellulose, resulting in the conversion of a portion of cellulose into sugar units.
Additionally, Figure 5a illustrates the characteristic peaks associated with crystalline cellulose at 15.5° and 22°,
corresponding to the 110 and 200 planes, respectively [2]. These findings indicate a significant reduction in the
crystallinity of cellulose following the acid treatment.

Moreover, the FT-IR spectra of the samples subjected to alkaline hydrolysis are presented. The spectral
regions at 1260, 1314, and 1369 cm cm™ correspond to hemicellulose, which is obtained through alkali
hydrolysis [3]. The signals attributed to the aromatic vibrations of lignin at 1511 and 1729 cm™ disappear in
the NGS and RGS samples, indicating the dissolution of lignin in the alkaline solution. Notably, a broad band
emerges at 3340 cm cm™, indicating an increase in the cellulose fraction. Additionally, the XRD pattern shows
no discernible difference between the untreated and base-treated samples, suggesting that the crystalline
cellulose remains unaffected by the base degradation. It is worth mentioning that the chemical treatment

significantly reduces the complexity of the lignocellulosic fiber.



Table S3. Peak assignments of functional groups of samples.

Wavenumber (cm) Assignment Reference
3340 O-H group stretching of cellulose [2,5]
2921 C-H stretching in lignocellulose
2850 Methyl and methylene groups of lignin
[6,7]

1731 C=0 acetyl group or carbonyl group of hemicellulose and lignin unit
1511 Aromatic stretching of lignin

1367, 1315, 1244 C-O and C-H bending of hemicellulose [3,8]
1158 C-O-C glycosidic bond of cellulose and hemicellulose
1054 C-O in C-O-C ring skeletal vibration of cellulose and lignin [4,5]
1033 C-O-H stretching of alcohol of cellulose and lignin
896 [-glycosidic linkage between glucose units of cellulose [9]




Figure S4. SEM image of the cogon grass in natural (NG), acid-treated grass (RG), and alkali-soaked samples (NGS and
RGS).

Figure S4 depicts the untreated grass and its appearance after acid treatment. The untreated grass
exhibits a smooth surface with a continuous fiber structure (Figure S4a). However, upon HCI treatment,
noticeable disruptions in the fiber structure occur, resulting in a rough surface (Figure S4b), which is consistent
with findings reported by Zarib and coworkers [10]. Furthermore, after NaOH soaking, the surface of the grass
becomes even more distorted (Figure S4c-d). The surface of the acid-treated grass (RGS) exhibits higher

abrasion compared to the untreated samples.



Table S4. Chemical compositions of the internal zeolite NaY particles.

Compositions (%)

Sample name

C @) Na Al Si
Y-NG 714 +3.82 56.63 +2.75 2.48 +0.62 10.97 + 0.65 22.77 +0.59
Y-NG-cal 278 +0.54 54.00 £ 0.57 4.09 +1.54 11.04 + 0.06 27.00 = 0.69
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