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Supplement: EDS and TEM of sugarcane waste ash and SiO.NPs

Figure S1. Sugarcane waste ash EDS (A) and TEM image (B) and silica nanoparticles EDS (C) and TEM image

(D).

EDS of sugarcane waste ash shows the presence of several different elements (being Si, Fe, Al, P, Cland S more
abundant) and only Si and O were observed after silica nanoparticles synthesis procedure (Cu signal comes from

TEM grid).
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Supplement: Assignments of the IR vibrations

Table S1. Assignments of the IR vibrations of AO8 dye adsorption in the SiO,NPs adsorbent.

Frequency (cm™) Assignment References

2922 Va.(CH,) of CTAB Zhang et al'

2850 v.(CH,) of CTAB Zhang et al'

1621 v(-C=C-) Ciric-Marjanovic et al*

1554 Vais(-COOH) Konicki et al®

1509 V(CC)u Kowczyk-Sadowy et al*

1490 v(CC)a Koweczyk-Sadowy et al*

1480 V(CC)y Kowczyk-Sadowy et al*

1468 v(CC). Koweczyk-Sadowy et al*

1450 azo group (-N=N-) Dent®

1199 phenolic -OH group Konicki et al®
8(C-H) and 8(C-N) Ciric-Marjanovic et al?

1058 Vas(Si-O-Si) Boza et al,” Hu and Hsieh®

1031 v(0=S=0) Dent® and Konicki et al.®

965 8(OH) of silanol groups Boza et al,” Hu and Hsieh®

827 8(C-H) of aromatic ring Ciric-Marjanovic et al?

799 V,(Si-O-Si) Boza et al,” Hu and Hsieh®

751 Out of plane deformation of ring Kowczyk-Sadowy et al*

722 8(=C-H) of aromatic ring Santos et al’

689 Out of plane deformation of ring Ciric-Marjanovic et al’

641 In plane deformation of ring Kowczyk-Sadowy et al*

610 In plane deformation of ring Kowczyk-Sadowy et al*

603 In plane deformation of ring Kowczyk-Sadowy et al*

446 V,(Si-O-Si) Boza et al,” Hu and Hsieh®

*Symbols denotation: “v” stretching; “6” bending.
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Supplement: TG analyses

The TG analyses were performed under oxygen atmosphere.
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Figure S2. TG and DTG curves of (A) SiO;NPs + AO8 (C; =75 mg L"), (B) SiO,NPs + AO8 (C; =600 mg L"),
and (C) SiO,NPs + AO8 (C;= 1000 mgL™").
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Table S2. Thermogravimetric analyses of SiO,NPs and SiO,NPs after AO8 adsorption.

Samples 12 wt. loss 22 wt. loss 32 wt. loss 42 wt. loss Residue
(%) (%) (%) (%) (%)
25-152°C 152-238°C 238-268°C 268-600°C 1 600°C
SiO,NPs 3.08 6.55 14.82 10.81 64.74
25-152°C 152-246°C 246-314°C 314-600°C 1 600°C
SiO,NPs + dye (C; SOmg L") 3.85 4.19 9.63 12.38 69.95
SiO,NPs + dye (C; 75 mg L) 2.70 415 10.81 15.43 66.91
SiO,NPs + dye (Ci100 mg L) 2.28 3.83 11.70 18.22 63.97
SiO,NPs + dye (Ci150 mg L) 2.16 3.68 12.00 19.73 62.43
SiO,NPs + dye (Ci200 mg L) 1.99 2.70 17.63 16.13 61.55
SiO,NPs + dye (C; 400 mg L) 1.97 1.36 24.97 1431 57.39
SiO,NPs + dye (C; 600 mg L) 1.65 1.14 2324 16.87 57.10
SiO,NPs + dye (Ci 1000 mg L) 1.79 2.78 22.42 16.88 56.13
Table S3. Thermogravimetric analyses of CTAB.
Sample 12 wt. loss (%) 22 wt. loss (%) 32 wt. loss (%) Residue (%)
25-180°C 180-300°C 300-490°C 1 490°C
CTAB 0.00 86.55 12.41 1.04
Table S4. Thermogravimetric analyses of AO8 dye.
Residue
lawt.loss (%) 22wt.loss (%) 32wt.loss (%) 42wt.loss (%) S2wt.loss (%)
Sample (%)
25-137°C 137-308°C 305-344°C 344-468°C 468-600°C 1 600°C
AO8 4.52 2.47 12.39 12.93 38.62 29.07

100 - ——SiO,NPs + AO8 dye C 50 mg L™
——SiO,NPs + AO8 dye C, 75 mg L™
SiO,NPs + AO8 dye C, 100 mg L™
90+ ——SiO,NPs + AO8 dye C, 150 mg L™
. -1
—SiO,NPs + AO8 dye C, 200 mg L
—_ SiO,NPs + AO8 dye C 400 mg L™
o I
X 80- : 1
~ SiO,NPs + AO8 dye C, 600 mg L
)
= —— SiO,NPs + AO8 dye C, 1000 mg L™
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Figure S3. TG and DTG curves of SiO,NPs, and SiO,NPs + AO8 dye in different initial concentrations.
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Supplement: FTIR analysis after TG analysis
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Figure S4. FTIR-ATR spectrum of the silica nanoparticles + AO8 dye (C; = 200 mg L") after TG analysis.

The residue of the sample (SiO,NPs after AO8 adsorption) after TG analysis has only SiO,NPs according to
IR spectra Fig. $4.
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Supplement: Kinetic AO8 adsorption for initial concentration 200 mg L™
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Figure SS. UV-Visible spectra before AO8 dye adsorption (a) initial solution 200 mg L™, after AO8 adsorption at
25°C (b) 5-30 min and 2 h and (c) 4, 6 and 8 h. Samples in triplicate.
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Supplement: Kinetic adsorption
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Figure S6. Pseudo first and pseudo second order model kinetics plot for the removal of AO8 by silica nanoparticles

adsorbent. Conditions: 25°C, C; = 150 and 200 mg L', adsorbent mass 1.0 g L.

Table SS. Kinetic parameters for the removal of AO8 by silica nanoparticles adsorbent.

Kinetic Parameters Ci=150mg L Ci=200 mgL"
Pseudo first-order
k; (h?) 3.70 2.49
q. (mgg™) 144 180
RZy 0.993 0.996
Pseudo second-order
k; (gmg”’h?) 0.063 0.026
q. (mgg™) 146 185
RZy 0.998 0.997
Experimental Parameter
qe exp. (mg g™) 145 182
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Supplement: Equilibrium adsorption
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Figure $7. UV-Visible spectra before AO8 dye adsorption (a) initial solutions at concentrations from 50 to 1000

mg L7, after AO8 adsorption at equilibrium time 4 h (b) 25°C isotherm. Samples in triplicate.

Table S6. Equilibrium parameters for the removal of AO8 by silica nanoparticles adsorbent.

Equilibrium Parameters 25°C 35°C 45°C
Langmuir

Quux(mg g!) 187 : :

Ki (L mg") 5.79 - -

RZy 0.889 - -
Freundlich

Kr(mgg' (mgL™')"*F) 109 - -

nF 9.25 - -

RZy 0.952 - -

Liu

Quux (mg g™") 230 228 233

K, (L mg") 1.19 1.29 0.893

ng 0.346 0.381 0.378

RZy; 0.991 0.978 0.979
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Supplement: AO8 adsorption time for initial concentration 20 mg L™
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Figure $8. UV-Visible spectra before AO8 dye adsorption (orange line) initial solution 20 mg L and after AO8
adsorption at 25°C (black line) 1 h contact time; (red line) 2h contact time; and (green line) 4h contact time.

For low concentrations of AO8 dye a shorter contact time (2 h) between adsorbate-adsorbent is sufficient to

adsorb all dye.
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Supplement: SiO,NPs reuse cycles

0.8

——— AO8 initial solution 20 mg LA(3x diluted)
Cycle 1
Cycle 2
~———Cycle 3
Cycle 4
Cycle 5
Cycle 6
Cycle 7 (3x diluted)

o
0))]
]

Absorbance (Arbitr. Units)

0.4 1 Cycle 8 (3x diluted)
- ad
02 N
. \
0.0- ' . : : ' : :
200 300 400 500 600
A (nm)

Figure §9. UV-Visible spectra before AO8 dye adsorption (orange line) initial solutions 20 mg L™, and reuse cycles
of SiO,NPs after AO8 adsorption, C; = 20 mg-L™" at 25°C for 2h, adsorbent mass 1.0 g L.
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Supplement: Analytical curve

0 3 6 9 12

[AO8] / (mg L")

Absorbance (Arbitr. Units)

\

200 400 600
A (nm)

Figure $10. UV-Visible spectra of solution containing AO8 dye at concentrations from 0.10 to 14.00 mg L. Insert:
analytical curve of AO8 dye.

800

The equation of the analytical curve (insert in Fig. S10) was A = 0.00732 + 0.07315. [AO8] (mg L"), and the

value of the coefficient of determination adjusted (R%q;) was 0.99963.
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Supplement: Physical and chemical properties of Acid Orange 8

Figure S11. Chemical structure of Acid Orange 8.

Table S7. Physical and chemical properties of Acid Orange 8.

Physico-Chemical Properties

Chemical formula C17H13N2NaO4S
Molecular weight 364.35 gmol
Structure Azo
CAS number 5850-86-2
Color index number 15575
Dye content 65 %

Amax (nm) 490 nm
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Supplement: Kinetic and equilibrium adsorption models

Kinetic adsorption

Kinetic adsorption models used in this publication were pseudo-first order (Eq. S1) and pseudo-second order

(Eq. S2).
G = qe-(1—eF) (Eq.S1)
ky.qét
= - Eq.S2
e 1+ k,.q..t (Eq. 52)

Where in the Eq. S1, q; is the amount of adsorbate adsorbed at time t (mg g"), q. is the equilibrium adsorption
capacity (mg g"), ki is the pseudo-first-order rate constant (h’), and t is the contact time (h). Eq. S2, k; is the

pseudo-second-order rate constant (g mg” h™).!3

Equilibrium adsorption

Equilibrium adsorption models utilized were Langmuir'* (Eq. S3); Freundlich" (Eq. $4) and Liu"' (Eq. S5).

Qmax-KL-Ce
= — - - Eq.S3
9= 711k, ., (Eq: $3)
1
qe = K .CJT (Eq. S4)
Qumax- (K . CH™
go = xmax g€l (Eq.S5)

T+ (K, .Com

Where for Eq. S3, q. is the amount of adsorbate adsorbed at the equilibrium (mg g*), C. is the adsorbate
concentration at the equilibrium, i.e., C. is the adsorbate concentration residual on solution (mg L"), Ky is the
Langmuir equilibrium constant (L mg™), and Quux is the maximum adsorption capacity of the adsorbent (mg g*)

assuming the formation of a monolayer of adsorbate over adsorbent."

l/nF))

For Eq. $4, Ky is the Freundlich equilibrium constant (mg g'(mg L") ng is the Freundlich exponent

(dimensionless) and C.is the adsorbate concentration residual on solution (mg L!). *°

For Eq. SS, Ky is the Liu equilibrium constant (L mg™); n. is dimensionless exponent of the Liu equation; Qyax
is the maximum adsorption capacity of the adsorbent (mg g"'), C. is the adsorbate concentration residual on
solution (mg L") and ny could assume any positive value. Liu model predicts that the active sites of the adsorbent

cannot assume the same energy.'*"!
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Scheme 1. Preparation of Sodium Silicate Solution from SWA.
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