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Abstract

In this study, three composite adsorbents with different percentages Received: 11 July 2022
zeolite ZSM-5 and silica aerogel, were synthesized. The adsorbents were Accepted: 13 September 2022
characterized by FESEM, XRD, FTIR, BET-BJH, and zeta potential. By Page Number: 7-32

comparing the performance of the zeolite ZSM-5 (25)/silica aerogel (75)
adsorbent as an optimal adsorbent and other inexpensive adsorbents, it
was observed that the adsorbent studied in this experiment has good
adsorption efficiency. The saturated adsorption capacity reached 476.2
mg/g for Pb*?. To obtain the best isotherm and kinetic model, error
functions and regression coefficients, especially the Chi-square test (y°)
and sum square error (SSE), were used. The findings fit well with Temkin
isotherm models, according to the adsorption isotherm investigations.
The kinetic data for the pseudo-second-order kinetic model exhibited
a high correlation coefficient and a low error function. The activation
energies for lead were and 11.31 kJ/mol, respectively. These values
indicate that physical adsorption has occurred. The Com3 absorbent was
separated from the wastewater and reused after recovery. This feature

caused the adsorbent to have a strong adsorption ability, so Keywords:
the adsorption process was performed in five cycles. FTIR and EDX Zeolite ZSM-5,
analyses were performed to confirm the adsorption of heavy metals by Silica Aerogel,
the adsorbent. The results show that the zeolite ZSM-5/silica aerogel Nano-Composite,
composite is a suitable adsorbent for the removal of various toxins (such Lead (11),

as heavy metals) in aqueous systems that contain an adsorbate. As
a result, the new zeolite ZSM-5/silica aerogel composite may be used on
a larger scale as a material to absorb a variety of contaminants.
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Figure 1. Comparison of the removal percentage of synthesized
nanocomposites in different ratios.

Experimental Condition; adsorbent: 0.05 g, solution Volume: 100
mL, pb (I) concentration: 50 mg/L, and contact time: 3 h.
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Figure 2. XRD pattern of the synthesized samples.
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Figure 3. FESEM analysis images of synthesized samples.
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Table 1. Surface analysis parameters.

ZSM5

SA
ZSM5(75)/SA (25)
ZSM5(50)/SA (50)

ZSM5(25)/SA (75)

299.59 68.902

640.28 161.58
309.66 71.145

428.06 98.35

631.45 163.08

1. Hysteresis
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Figure 4. Adsorption/desorption analysis images of synthesized samples.
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Figure 5. FTIR spectrum of samples prepared.
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Table 2. Adsorption isotherm parameters.

Isotherm model

Isotherm parameter

dm (MY/Q)
Ke
R
R2
2
SSE %

Langmuir

Ke
n

Freundlich R?

XZ

SSE %

Temkin R?

Dubinin- Gl
Radushkevich E

Metal ion
Pb*2
25°C 35°C 45°C 55°C
476.2 454,54 416.67 384.61
5.895x10° 4.48x10° 3.948x10° 3.863x107
0.7383 0.7878 0.8081 0.8115
0.9913 0.9879 0.9868 0.9763
24.327 31.748 36.411 42.642
7.637 9.341 11.344 12.788
4.487 3.4052 2.7774 2.696
1.24 1.2364 1.2312 1.26
0.9841 0.9697 0.9742 0.9617
15.657 19.814 25.623 32.548
5.875 8.588 13.457 15.314
44.88 53.57 61.55 69.50
0.1326 0.1152 0.1035 0.1025
0.9991 0.9911 0.9981 0.9971
8.112 11.827 14.826 15.247
2.528 2.861 3.144 3.427
4%107° 5x10° 6x10° 6x10°
111.79 97.69 87.48 82.76
111.8 100 91.287 91.287
0.9584 0.9628 0.9649 0.9818
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Figure 7. Temkin isotherm plots for Lead ion adsorption.
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Table 3. Parameters of the kinetic models.

Kinetic
parameter

Kinetic

model

pseudo-first order R?

pseudo-second order R?

SSE %

Kig
@
Intra-particle diffusion R?
XZ
SSE %

Metal ion
Pb+2
35°C 45°C

48.21 38.97 35.02 34.10
0.0182 0.0161 0.0145 0.0143
0.996 0.9896 0.9862 0.984
5.376 5.310 7.126 6.080
1.122 1.811 1.754 1.325
68.50 57.8 51.28 49.75
6.545x10™* 8.92x10* 9.94x10* 9.79x10*
0.9962 0.9974 0.9964 0.9971
0.073 0.064 0.058 0.025
0.063 0.077 0.058 0.034
4.4294 3.6415 3.2362 3.1738
9.991 10.617 9.3788 8.3253
0.9634 0.9505 0.9542 0.9606
0.543 0.437 0.317 0.649
0.138 0.152 0.165 0.114
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Figure 8. Pseudo-second-order kinetic diagram of lead ion adsorption.

Giz ol g e S sauSanb 5 AH gl sawlcwsa
olas slas o5y mals suas Lis AS e polis [AF]col

IAV] el S i o jo Gl 5 0oV sla JoSge
A Gl 8 o 9 (Ba) 3ledbd 555 polie (e sl

10 oolawl uu%i)—l doleo
InkK, =lnA—% V)

cg—s,] cal A (g/mg min) e <ol K (V) ddolae o
Hesea 1 Ea g A ok .ol (Imol) (gL JLsb g5, Eq
olas (V) ddolas as oy ol g oo 5l (ose 5l eSS
Sy b odm anld g5l waw,] Aolae 5l eslaul Lo S
51 i sdslecwsdany g5l Jlas 65 50 lade 31 ol by sl
il e ol 5l S 51 slierd i il FY Kj/mol
TR opp Joy A R R PP RLY FOW K YU e
oz bauS ol polie ool ad Slus VMY kj/mol Ll

Ll Sy g0 (S

iz glwosls 45wl aseice wlid jiie gl Juw duglas
Ol o sl 5l g A sl Jaw b oSl (55, o 02
o..\.uﬁ” u..\.’> M‘)B > QS'L“"’M ud? PL u.l‘ » uo)s aJM
51 osliiwl U B o [AFladlae (oluly ol LI O3l (s,
Joe olgomed 9 35 e Slg oo |y comlio Joko ¢ R? polie
o 0 y5] Gty Candad b laosls (gl 1) cwlids i conlio
3ledled 555l 5 (AG) oS 13T (6551 (s otee ol 9 3Ly
5 Seelindge 3 lie d (gm0 W eed § L o ),

w20 o (glid i Jow b J Ll

Srolia g0 i dalllao -
15 V=) E¥olas by Soliyoge 5 sloaasive Sl gl
VT Jolis ;o Ky slologes (1) JSi ool o0 03,91 (F) Jgo
o b o 5 AS g AH slrdazio OT)a aS e el |
e Joiz SLedlbl 3o it oe ol Tas 5l 256 5
ek Ve LB e o 0 032 612 AG sai ol
Sy9—e siled B3gamme ;3 (b i baimsplis a5 coul Joe

e polie JAB] il sg3an55 & g0a anl b pbxl 5 axlllae

Iranian Chemical Engineering Journal - Vol. 22 - No. 128 (2023)

eececccccccccsd



() 930ls Il b e 93 i (Saeliuage i ladaditio ¥ Jgaa

Table 4. Thermodynamic parameters of lead ion adsorption by composite adsorbent.

Metal ion

Thermodynamic
parameter
Pb+2
25°C 35°C 45°C 55°C
AG (kJ/mol)
-2.414 -1.703 -1.237 -1.088
AH (kJ/mol)
AS (J/mol K) -15.745
-45.156
l []
0.9 //
0.8 "l
///
0.7 ///
.
£ 0.6 ///
- y
g . o
.
Y
0.4 5
//
0.3
062.001 0.00305 0.0031 0.00315 0.0032 0.00325 0.0033 0.00335 0.0034
1/T

Dy (398 03 Saslian go 5 sladiadidio (jaanld (5l B gacil g Hlagal A S

Figure 9. Van’t Hoff plot to determine thermodynamic parameters for removal of Pb (II).
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Figure 10. Regeneration and reuse test of silica aerogel (75%) /Zeolite ZSM-5 (25%).
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Figure 11. Synthesis process of silica aerogel/zeolite ZSM-5 adsorbent and adsorption of lead ion using this adsorbent.
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Figure 12. FTIR and EDX analysis before and after adsorption.
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Table 5. Comparison of the adsorption capacity of the composite adsorbent synthesized in this study
with other adsorbents in the removal of lead ions.

Kinetic model/
the best fitting (*)

Om . N Isotherm model/
Adsorption conditions

Adsorbent

(mg/g) the best fitting (*)

Graphene/Polydopamine Optimum pH = 7 (for Cu*?)
modified Multiwalled : _ +2
Carbon nanotube 350.87 Opgﬂ;:ﬂnlup:g 6_'54(:%/7_[) ) Langmuir (*) and Freundlich Second-order (*) and first-order [91]
. 0=
(MWCNT-RDA) Ihybrid Contact time = 600 min
aerogels
Nano-fibrillated Optimum pH = 5
cellulose/Polyethyleneim  357.44 pT —uzgg K_ Langmuir (*) and Freundlich Second-order (*) and first-order [92]
ine hybrid aerogel -
Ethylenediamine- Ot H=3.7
Modified Calcium 215.35 Ptlmum A= Langmuir (*) and Freundlich Second-order (*) and first-order [93]
. Optimum C, = 10 mg/L
Alginate Aerogel
Polybenzoxazine aerogel  (.258 Cont:iln_ct_tizn;g ;48 h Langmuir (*) and Freundlich Second-order (*) and first-order [94]
Optimum pH =6
Carbon aerogel 0.70 Optimum Co = 3 mg/L Langmuir (*) and Freundlich Lagergren (*) and Svenka [15]
T=303K
Porous calcium Ot Co= 15 ma/L
alginate/graphene oxide 366.83 p |mu_|r_n_ 209_8 K mg Langmuir (*) and Freundlich Second-order (*) and first-order [95]
composite aerogel -
Sodiuma!ginate/ e — Langmuir (*) and Freundlich second-order [96]
Grapheneoxide aerogel
. Optimum condition= pH: 6 /
Zeolite ZSM- Contact time: 105 min/ dosage: Langmuir, Freundlich, First-order, Second-order (*), This
5(25%)/Silica aerogel 476.2 L. . . . . e
(75%) 0.07 g/ Initial Concentration; Temkin (*), and D-R and intra-particale diffusion work
75 mg L™ / Temperature: 35 °C
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