(Yousefi Amiri, Bagheri)

Iranian Chemical Engineering Journal — Vol. 24 - No. 143 (2026): 35-49

Adsorption Removal of Methylene Blue Using Silica ...

‘@@@@‘

d DOI: 10.22034/ijche.2025.492488.1472 This journal is an open access journal licensed under an

Attribution-NonCommercial-NoDerivatives 4.0
International license(CC BY-NC-ND 4.0).

Adsorption Removal of Methylene Blue
Using Silica Aerogel Adsorbent

T. Yousefi Amirit", M. Bagheri?
1- Assistant Professors of Chemical Engineering, University of Zanjan
2- MSc. in Chemical Engineering, Amirkabir University of Technology
Email: yousefiamiri@znu.ac.ir

Abstract

Synthetic dyes such as methylene blue, which are cationic and one Received: 6 December 2024
of the most important and toxic pollutants in water, are resistant to Accepted: 24 April 2025
biodegradation. Adsorption is an effective method to remove these Page Number: 35-49

dyes from water. Silica aerogels have been considered as efficient
adsorbents due to their specific surface area and high porosity.
In this research, the adsorption of methylene blue from an aqueous
solution of methylene blue in different concentrations from 5 to 150
mg/L and at two temperatures of 25 and 40 °C and using different
amounts of silica aerogel as adsorbent has been studied. Within
the studied conditions, the highest adsorption capacity of
methylene blue on silica aerogel was 42 mg/g, and in different
tests, the removal percentage of methylene blue was 38-97%.
The kinetics and capacity of adsorption of methylene blue-silica
aerogel system were studied. Adsorption kinetics were evaluated
through two pseudo-first-order and second-order kinetics models.

Based on the correlations and the regression, it was observed that Keywords:
the experimental data are more consistent with the first-order Adsorption,
kinetics model. Also, the corelation between the experimental data Methylene Blue,
and the equation of Langmuir and Freundlich isotherms was Silica Aerogel,
investigated. The results showed that there is a better agreement Isotherm,
between the experimental data and the Langmuir isotherm. Kinetics
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Figure 1. Chemical structure of MB.
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Figure 2. A picture of the testing process and silica aerogel granuls.
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Figure 3. The figure on the right is the maximum wavelength of methylene blue at 662 nm and the
figure on the left is its calibration graph.

et oot asl> .ol 9o u,uLo.Lo)é uOL‘> ‘_A}‘b L_SLQOJ.O}
JSislaslginl eSS s o i 2565 b Jodsin (slosle
ool [VEXOl el dingn waa 5 5L B,k g8 ,a 5l sl b
Leoyi> S o> g YEY MG 41y 055 mhaw BET ;U]
L§|)—’ J_.ob LgLfocJ_i} 5}‘..\3‘ 3T .Q.w‘o.\.o]&.wbdq YIY cm3/g
B Camn] QMTMOM BJH ).JLIT wLw'rs as J)SJ"I lSU.L».w 3.05.4;.!
Lmoj_i} E)‘L&_;‘ =59 as ojdf:‘sno..\.l.) ‘w‘o.)..&dfs‘)‘ *) JS_M:
Jo= s l.....w.‘ S S )logad g 0ylo 13 V-Fe nm soguse o
ol sl oo o 831001 19SS mu 595 by aS o)l Yo nm
1YL s J3d5s gz suo o Ae 5l i 5 UT 5l el cledlb!
Y& NM asga slwo,am lawgie b3lasl pizea o)l Yeonm
Cbl jslatedy s g 1 S0l sndiags sl Sl Faiges
b ol J8 85240 lia! L ol g ‘j] Jsloe yo oola!
Sl 5 (AT s lmog )T (30 0wl sl shatacnon
o0 000 slas 4o sasbans asges danl oo S cagoo]

A0l > 0,65 4o el ¥ Loy 9 wgnds
Thermo Scientific Nicolet is10 oS L asges FTIR 5JUT

Sk 3L, FT-IR Gl (V) S .clonsploxil (USA)

)‘OOL&L»_...JHJ U‘FLSO ‘) J)j)—“ ud_‘> g.a_d).}a 9 MB Li> Qo )0

R(%) =%x 100 M)
Qt=(Co_Ct)x% )
ge = (C, — Ce) X% ()

b g ¥

J392! Bobw wlasi V-

oty AT (LS o8 8wy cooliil 8 )50 S35 0] okews
SEM 5JUT L iges (sbao i Ll g zrbaws swliiics, ol
MIRA3 TESCAN olcws Ly 5T ol culonss ol ;)|
WewloadosloyLis (F) IS jo o] ot aS cloads plsl
5 42315 Gamius 5kl Lo S0 8] el Iy 45 j5boc Lod
el 1S5 wogs L (231580 b (55,5 28

3 Jisml o3l slm VWK slas o No gdogods sbap sl
1555 =L BELSORP olSs a5 wileaboslolis (8) Ui
352y sSLES 4S sl IV g5 51 b g3l S8 Camslodolonil ol

aS 0olsop prignl ol 5l s, sl Gl 8 ,amg50 LSl

Iranian Chemical Engineering Journal — Vol. 24 - No. 143 (2026)



WOd>

L

b

Yo-f4 Lo — ‘5}5\4 9 ‘_;J:A‘gﬁ.uﬁ

| S s

Wo:3.93 mem o\
'SEMMAG: 250 kx| Det: In-Boam SE | 200 nm N
View field: 0.830 ym | | -
oila ol gisds ouldil 3y ge J59 530 Salscs SEM y3 guai ¥ JSib \_?\
Figure 4. SEM image of the used silica aerogl as adsorbent. ;;
0/25 %
0/2
0/15
S
=01
S
0/05
0
1 10 100
ry/nm

oila ol gieds suliienl a )y 96 U595l Sabicu (5Las fia 331u3 aay 53 O JSib

Figure 5. Pore size distribution of the used silica aerogel as dye adsorbent.
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Table 1. Representation Kinetic parameters for surface adsorption of MB using aerogel as adsorbent.

Pseudo-first-order model

Pseudo-second-order model

> -~

1.33 1.43 0.05756 0.980
2.24 2.33 0.05168 0.997
6.94 7.46 0.00785 0.993
11.73 13.10 0.00235 0.983
18.55 20.04 0.00100 0.959
23 20.58 0.00076 0.937
31.77 28.49 0.00045 0.898

5 1.36 0.0378 0.978
10 1.26 0.0261 0.946
30 5.69 0.0235 0.995
50 11.46 0.0179 0.992
80 16.52 0.0097 0.992
100 20.16 0.0052 0.981
150 28.95 0.0049 0.989
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Table 2. Langmuir and Freundlich isotherm parameters for MB adsorption on aerogel.

Langmuir

Freundlich

n_

K (mg/g) (mg/g) ml/mg (mg.g").(ml.mg ™)
298 31.77 42.02 237.99 0.92 1.28 1533.2 0.884
313 20 24.94 401.01 0.95 1.48 572.27 0.876
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Figure 11. (a) Equilibrium adsorption capacity of silica aerogel as adsorbent with methylene blue concentration in solution
(b) Langmuir isotherm (c¢) Freundlich isotherm.
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Table 3. Comparison of the maximum adsorption capacity for MB by different adsorbents in the articles.

Adsorbents (max (Mg/g)
Chitosan-g-poly(acrylic acid) biocomposite 8.30
CTS/DMDAAC/CMC millimeter-scale 16.90

hollow spheres

Modified N,O-carboxymethyl chitosan 0.55
CS—LDH hydrogel 2.50
Chitosan—silica—TiO2 61.60
Hide substance/chitosan/hydroxyapatite 3.80
SA/GO@Fe304/CS 21.33
Silica aerogel 42.02

Isotherm Kinetic References
Pseudo- d-ord
Freundlich seudo-second-order [41]
model
Lrngi Pseudo-second-order [42]
model
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Freundlich seudo-second-order [43]
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Pseudo-second-order
44
- model [44]
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Freundlich seudo-second-order [45]
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Lpsi Pseudo-second-order [46]
model
. Pseudo-second-order [47]
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