CHEMISTRY AND CHEMICAL ENGINEERING

Volume 2022 | Number 2 Article 9

COMPUTER MODELING OF ADSORPTION ON THE IMPREGNATED
AL203, SI02 BY MONTE-CARLO METHOD

Gulchehra ABDULLAYEVA
National University of Uzbekistan, Tashkent, Uzbekistan, abdullayevag615@gmail.com

Qizlarxon SIDDIQOVA
National University of Uzbekistan, Tashkent, Uzbekistan, siddiqovagizlarxon@gmail.com

Doston SHOYIQULOV
National University of Uzbekistan, Tashkent, Uzbekistan, chemikl_d@mail.ru

Albert KOLDAROV
Uzbek-Japan Innovation Center of Youth, Tashkent, Uzbekistan, Tashkent Chemical-Technological
Institute, Uzbekistan, koldarov95@mail.ru

Shahlo DAMINOVA
National University of Uzbekistan, Tashkent, Uzbekistan; Uzbek-Japan Innovation Center of Youth,
Tashkent, Uzbekistan, daminova_sh@mail.ru

See next page for additional authors

Follow this and additional works at: https://cce.researchcommons.org/journal

Recommended Citation

ABDULLAYEVA, Gulchehra; SIDDIQOVA, Qizlarxon; SHOYIQULOV, Doston; KOLDAROQV, Albert; DAMINOVA,
Shahlo; and KADIROVA, Zukhra () "COMPUTER MODELING OF ADSORPTION ON THE IMPREGNATED
AL203, SI02 BY MONTE-CARLO METHOD," CHEMISTRY AND CHEMICAL ENGINEERING: Vol. 2022: No. 2,
Article 9.

DOI: 10.34920/cce202229

Available at: https://cce.researchcommons.org/journal/vol2022/iss2/9

This Article is brought to you for free and open access by Chemistry and Chemical Engineering. It has been
accepted for inclusion in CHEMISTRY AND CHEMICAL ENGINEERING by an authorized editor of Chemistry and
Chemical Engineering. For more information, please contact zuchra_kadirova@yahoo.com.


https://cce.researchcommons.org/journal
https://cce.researchcommons.org/journal/vol2022
https://cce.researchcommons.org/journal/vol2022/iss2
https://cce.researchcommons.org/journal/vol2022/iss2/9
https://cce.researchcommons.org/journal?utm_source=cce.researchcommons.org%2Fjournal%2Fvol2022%2Fiss2%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
https://cce.researchcommons.org/journal/vol2022/iss2/9?utm_source=cce.researchcommons.org%2Fjournal%2Fvol2022%2Fiss2%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:zuchra_kadirova@yahoo.com

COMPUTER MODELING OF ADSORPTION ON THE IMPREGNATED AL203, SI102
BY MONTE-CARLO METHOD

Authors

Gulchehra ABDULLAYEVA, Qizlarxon SIDDIQOVA, Doston SHOYIQULOQV, Albert KOLDAROV, Shahlo
DAMINOVA, and Zukhra KADIROVA

This article is available in CHEMISTRY AND CHEMICAL ENGINEERING: https://cce.researchcommons.org/journal/
vol2022/iss2/9


https://cce.researchcommons.org/journal/vol2022/iss2/9
https://cce.researchcommons.org/journal/vol2022/iss2/9

MATERIALS SCIENCE AND ENGINEERING

MATEPHATIOBEAEHHE N TEXHOOI'HA
MATERIALSHUNOSLIK VA TEXNOLOGIYAI

COMPUTER MODELING OF ADSORPTION ON THE IMPREGNATED
AL;Os, SIO, BY MONTE-CARLO METHOD

Gulchehra ABDULLA YE VA’ (abdullayevag615@gmail.com), %’zla;.}:on SIDDIQOVA' (siddiqovagizlarxon@gmail.com),
Doston SHOYIQULOIIZ/ (chemikl_d@mail.ru), Albert KOLDAROV” !koldarov S@mail.ru),
hahlo DAMINOVA"* (daminova_sh@mail.ru), Zukhra KADIROVA”~ (zuhra_kadirova@yahoo.com)
National University of Uzbekistan, Tashkent, Uzbekistan
3Uzbek-Japan Innovation Center of Youth, Tashkent, Uzbekistan
Tashkent Chemical-Technological Institute, Uzbekistan

Multisorption of heavy metalsdfrom aqueous solutions is very important in hydrometallurgy, industrial waste disposal, and
water purg’icalion. The aim of this study is Monte Carlo simulation of the adsorption process of the Cd**, Pb>*, Zn®" ions on the SiO,
Al,O;3 sorbents impregnated with organic ligands (dithizone, PAN, benzothiazole). The impregnated alumina has a multisorption
capacity, and silicon oxide impregnated by dithizone exhibits high selectivity to cadmium ions. The calculated data on the adsorption
energy good correlate with the experimental data on multisorption activity of impregnated sorbents.

Keywords: sorption, molecular modeling, ligand, SiO,, ALO;

KOMITbIOTEPHOE MOAE(IMPOBAHHE AACOPBLINN HA TTPOITUTAHHBIX
ALO3, SiO, METOAOM MOHTE-KAP(10

T'ynvuexpa ABJ] YJIJIAEBIAI (abdullayevag615@gmail.com), Kuznapxon g’H,ZI,ZIPIKOBAI (siddiqovagqizlarxon@gmail.com),
ocmon LHIOUUKYJIOB' (chemikl_d@mail.ru), Anvoepm KOJLL. POZBZ’ (koldarov95@mail.ru),
axno JAMHUHOBA"* (daminova_sh(@mail.ru), 3yxpa KA/IUPOBA” (zuhra_kadirova@yahoo.com)
Hayuonanvnotii Ynueepcumem Yzoexucmana, Tawikenm, Y3oexucman
Y30excko-anonckuii unnosayuonnwlil yenmp monooexcu, Tawkenm, Y3oekucman
TawkenmcKuili XuMUKo-mexHoa02uteckuii uncmumym, Y3oexucman

Mynomucopbyus msajcenvix Memanios u3 600HbIX PACMEOPOS UMEEN GAICHOE 3HAYCHUE 8 SUOPOMEMANIYPUl, VIMUIUZAYUU
NPOMBIULIEHHBIX o;;z;rodozq u_oyucmre 60001 Llenv 0annozo uccaedosanus — moodenuposanue memooom Monme-Kapro npoyecca ao-
copoyuu uonos Cd”", Pb"", Zn"" na umnpeznuposanHsix ¢ nNoMoublo opeanuieckox aueanoos SiO,, Al;Os (oumuson, [1AH, 6enzomua-
3071). Umnpecnuposannuvliit OKCUO anioMunus 001adaem MyaibmucopoyuoHHoll cnocoOHOCMbI0, A OKCUO KPeMHUSA, UMNPEeSHUPOBAHHbII
OUMU30HOM, NPOSGIAEM GbICOKYIO CENeKMUBGHOCMb NO OMHOWEHUIO K UOHAM Kaomus. Pacuemuvie dannvle no snepeuu aocopoyuu
()oczlmmowzo XOpOuLo KOppenupyrom ¢ IKCNEePUMEHMATbHbIMU OAHHLIMU NO MYIbMUCOPOYUOHHOU AKMUGHOCIU UMNDESHUPOBAHHBIX
copbenmos.

KurroueBble cjioBa: copoumsi, MOJIEKYJIsIpHOE MojieinpoBanue, auranj, Si0,, ALO;

MONTE-KARLO USULIDA IMPREGNIRLANGAN ALOs, SiO, LARDA
ADSORPSIYA JARAYONINI KOMPYUTERDA MODELLASHTIRISH

Gulchehra ABDIULLAYE vA' (abdullayevag615@gmail.com ,3Qizlarx0n SIDDIQOVA' (siddigova izlarxon@;mail.com), Doston
SHOYIQULOV" (chemikl_d@mail.ru), Albert KOLDAROV~" (koldarov95@mail.ru), Shahlo DAMINOVA”

(daminova_sh ail.ru), Zukhra KADIROVA” (zuhra_kadirova@yahoo.com)

O’zbekiston Milliy Universiteti, Toshkent, O’zbekiston

O’zbekiston-Yaponiya yoshlar innovatsiya markazi, Toshkent, O'zbekiston

Toshkent kimyo-texnologiya insituti, O'zbekiston

Og'ir metallarni suvli eritmalardan multisorbsiyalash gidrometallurgiya, sanoat chigindilarini utilizatsiya qilish va suvni
tozalashda katta ahamiyatga ega. Ushbu tadqiqotning magsadi organik ligandlar (ditizon, PAN, benzotiazol) bilan impregnirlangan
Si02, AI1203 ga Cd2+, Pb2+, Zn2+ ionlarini adsorbsiyalash jarayonini Monte-Karlo usulida modellashtirish. Impregnirlangan alu-
miniy oksidi multisorbsiya qobiliyatiga ega bo’lsa, ditizon bilan impregnirlangan kremniy oksidi esa kadmiy ionlariga nisbatan
yuqori selektivlikni namoyon etdi. Agsorbsion energiya bo'vicha hisoblangan ma'lumotlar impregnirlangan sorbentlarning multi-
sorbsion faolligi bo'yicha eksperimental ma'lumotlarga juda mos keladi.

Kalit so'zlar: sorbsiya, molekulyar modellashtirish, ligand, SiO,, AL,O;

DOI: 10.34920/cce202229

Introduction

The heavy metals belong to a group of sub-
stances that are difficult to degrade in nature at
high level of accumulation in the human body [1].
The heavy metal contaminations of soils and wa-
ter are frequently determined in mining industry;
in addition, mine effluents and wastes are also
sources of hazardous pollution that contain heavy
metals in the highest concentrations [2]. Some
regions of the active mining have been detected as
a serious threat to human life due to high concen-
trations of heavy metals. It is known that adsorp-
tion and extraction technologies are widely used
for water treatment and hydrometallurgy applica-
tions [3]. One of the modern prominent technolo-

gy is solid-state extraction with application of or-
ganic solvent impregnated resin (SIR) [4]. Previ-
ously, we have enhanced sorption properties of
different inorganic sorbents prepared from indus-
trial wastes of Uzbekistan — phosphogypsum, steel
-making slug, spent catalysts, polymer sorbents,
minerals and etc [5-7].

The aim of this study is enhanced sorption
activity of alumina oxide and silica based on mo-
lecular modeling in the multisorption process from
water solution using solid-phase extraction with
the novel impregnated sorbents. These sorbent
based on organic ligands - 2-
mercaptobenzothiazole (MBT), 1-(2-Pyridylazo)-2
-naphthol (PAN), diphenylthiocarbazone
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(dithizone) (DTZ).

2-Mercaptobenzothiazole (MBT) is valua-
ble precursor for synthesis of the MBT function-
alized porous materials which can be used as an
adsorbent for the removal of heavy metal from
aqueous solution. Also it can be used as a refer-
ence compound and starting material for the or-
ganic synthesis and preparation of metal com-
plexes [8-9].

1-(2-Pyridylazo)-2-naphthol (PAN), an or-
ange colored dye, is commonly used as an acid-
base indicator. It can form chelates with metal
1ons, which makes it a valuable indicator in com-
plexometric titrations and many other analytical
techniques. The PAN is also a spectrophotometric
reagent, which can extract metal chelates into an
organic solvent [10].

Dithizone (DTZ) is a sulfur-containing or-
ganic ligand that easily forms complexes with
many metals such as lead and mercury [11].

Research methods

The Monte Carlo (MC) simulation was per-
formed by the Adsorption Locator module in the
BIOVIA Materials Studio 2017 package (https://
www. 3ds. com). The mineral surface models
(ALO; (01 -1), (00 1), SiO, (0 1 0), (1 0 -1))
were built from the crystal structure of alumina
and silica based on cif files (http://
www.crystallography.net/cod/), respectively. The
crystal cell and the organic ligands molecules
were optimized using the Universal forcefield,
and the QEq charge method was applied. The
optimization process was done by the Forcite
module (Materials Studio 2017 package) with the
ultra-fine convergence tolerance quality. The ad-
sorption of organic ligands molecules on the alu-
mina and silica surfaces was carried out using
MC simulation by using the Adsorption Locator
module with the Metropolis MC method to obtain
the lowest-energy conformers between the ad-
sorbate molecules/ions and adsorbent surface.
This module calculates adsorption energy (Ead),
kcal/mol and differential adsorption energy relat-

ed to different types of adsorbate (Ligand: dEad/
dNi, Metal: dEad/dNi, Water: dEad/dNi) (Table 1-
2). The surfaces were cleaved from the optimized
crystal cell using build tool with 35 A-thick vacu-
um slab above the modeled active surfaces. The
model example is shown in Figure 1-2. The van
der Waals forces and electrostatic interactions were
used by the atom-based and Ewald methods, re-
spectively.

The organic ligands were impregnated by
procedure described earlier [12]. The multisorption
experiments were carried out by a batch method
using aqueous solution of cadmium, zinc and lead
nitrates (98%, Merck). The sorption test condi-
tions: solid:solution (m/V) ratio = 3.33 g/L (m =
mass of sorbent, g; V = volume of solution, L) un-
der magnetic stirring (150 rpm); initial concentra-
tion of metal ions in aqueous solution = 5 mM,;
temperature = 25 °C; and duration = 0-3000 min.
Aliquots were analyzed by ICP-OES (iCapPro,
Thermo Fisher Scientific). The measured pH of the
suspension was about 4-5 (FiveEasy F20, Mettler
Toledo).

The sorbed amount of metal, Qe (mmol/g),
was calculated by Eq. 1:

Co—Cs

m

4

Q =

where C, is the initial concentrations, mmol/L;
and C. is the final concentrations, mmol/L; V is the
volume of sample, L; m is the mass of sorbent, g.

Results and Discussion

The Figure 1 shows the structures of impreg-
nating organic ligands molecules; the Table 1 listed
calculated adsorption energies.
The DTZ, MBT and PAN can form stable complex-
es with Cd*", Ni*", Zn** [31-33] due to SH and -NH
— functional groups [34-38]. The tautomeric equilib-
rium between the thion (Ph—NH-NH]CS-N]N-Ph)
and the thiol forms (Ph—NH-N]C(SH)-N]N—Ph) of
the DTZ ligand, as well as, the keto and enol forms

Figure 1. Structures of organic ligands: a) 1-(2-Pyridylazo)-2-naphthol (PAN), b) 2-mercaptobenzothiazole (MBT), ¢) Diphenylthiocarba-
zone (ditizone) (DTZ).
Atoms: red - oxygen, yellow - sulphur, blue - nitrogen, grey - carbon, and white - hydrogen.
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Table 1
Energetic parameters of adsorption on impregnated ligands
Adsorption Rigid Deformation
Total energy, | energy, Euy adsorption energy, Ligand : Water : dE,/
Adsorbent
kcal/mol kcal/mol energy, kcal/mol dE.«/dN; dN;
kcal/mol
DTZ
ALO; (00 1) -79.16 -111.66 -112.64 0.97 -67.44 -5.35
SiO, (10-1) -27.27 -92.27 -92.66 0.38 -36.69 -3.29
SiO,(010) -24.06 -89.06 -90.00 0.93 -36.59 -2.56
PAN
ALO; (0 1-1) -82,51 -173,46 -175,17 1,708 -68,67 -5,64
ALO; (00 1) -68,49 -113,97 -115,11 1,14 -69,77 -5,12
Si0, (0 10) 3,09 -87,85 -88,08 0,22 -35,18 -3,88
SiO,(10-1) 3,21 -87,73 -88,77 1,036 -35,09 -2,40
MBT
ALO; (00 1) -62,99 -84,58 -84,73 0,147 -46,574 -4,80
SiO, (1 0-1) -25,35 -46,94 -46,98 0,0366 -20,79 -3,29

H H

thiol

keto

of the MBT ligand depend on pH. The keto form of
the MBT is more stable in wide range of pH [13].
The DTZ thiol form is dominant at lower pH
while the thion form is dominant at higher pH

S
-
NH

—_—
-~

S

N N — O\ NH N /@
@\N/ N4 %N/O ?/ Xy
] )

thion

L

enol

[14], however, DTZ can exist in both tautomeric
forms at neutral pH. It is known that the metal
complexes of the DTZ and MBT at neutral pH can
stabilize different tautomeric form of ligands:

S=
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The PAN can form metal complexes with
heavy metal and rare earth metal ions via different
ionic forms. This reagent is slightly soluble in
acidic solutions and soluble in alkaline solutions
(pKa1=2.9 and pK,,=11.6) [15].

The molecular modeling of the DTZ,
MBT tautomeric and ionic forms of the DTZ,
MBT and PAN using BIOVIA Accelrys Ma-
terial Studio software. The adsorption affini-
ties and preferential sites of the DTZ, MBT
and PAN molecules on experimentally ob-
served planes of the XRD were computation-
ally studied using molecular dynamics simu-
lations and visually illustrated in Figure 2.

According to calculation results, the
keto and thiol tautomeric forms are more sta-
ble and located at the surface using close
contacts and hydrogen bonds between the
NH-, SH-groups and adsorbed water mole-
cules. Thus, the metal ions can interact with
the Nepgo—atom of the MBT immobilized lig-
and forming metal complex, as well as, the
DTZ immobilized ligand can form metal
complex via N and S atoms [14], predomi-
nantly. Figure 2a shows the most stable
molecule configurations over the predomi-
nant adsorption surface planes and formation
of the smooth distributed monolayer consist-
ed of the DTZ, water molecules and metal
ions on the surface of SiO,-DTZ sample.
Similarly, MBT and PAN molecules form
less sterically ordered layer which is lead to
possibility more close direct contacts be-
tween the surface and metal ions during
sorption from water solution. The formation
of the hydrogen bond network can stabilize
the adsorbed metal complex molecules as a
layer on the silica and alumina surfaces (Fig.
2).

The adsorption energies (E,q) of the
most stable configuration of the organic lig-
and molecules and the metal ions in the
presence of a number of water molecules
(n=1-9) over the mineral surfaces were ex-
othermic due to strong mineral-adsorbate
interaction (Table 1).

According data of Table 2, simultane-

ous adsorption of the organic ligand tauto-

A —|-‘ [:4 [ ‘I’J L W N

' \

Figure 2. Molecular modeling of adsorption of the DTZ molecules
on the silica surface.: (a) Snapshot interaction. Atoms: red - oxy-
gen, orange - silicon, blue - nitrogen, grey - carbon, yellow — sul-
phur and white — hydrogen; (b) Distribution of field density of
adsorption on the silica surface. Isosurface: blue — water, green —
Cd*" ions, red — dithizone.

mer molecules (DTZ, MBT or PAN), the
Zn*", Pb*", Cd*" ions and water molecules
on the alumina and silica mineral surfaces is
stronger (more exotermic) compared to
that for adsorption on the silica surface.
According adsorption energy and the differ-
ential adsorption (dE.s/dN;) values, the
strongest adsorption of the Cd*" ions were
observed.

The Figure. 3 shows experimental data
on sorption uptake (%) for a number of
sorbents impregnated by the DTZ, MBT or
PAN. All the samples showed multisorption
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Table 2
Molecular modeling data (BIOVIA, Adsorption Locator module) of multisorption from water solution
Total Adsorption nglq Deformation .
Adsorbe energy energy, adsorption energy Ligand: Metal : Water : Metal
nt ’ kcal/mol energy, ’ dE,o/dN; | dE.«/dN; dE.¢/dN;
kcal/mol kcal/mol
Eaq kecal/mol
DTZ
-122,71 -155,21 -156,05 0,84 -73,28 -43,19 -4,75 Zn*
AZZO; © -159,32 -191,83 -192,61 0,78 -69,82 -81,03 -5,19 Cd*
) -129,98 -162,48 -163,54 1,06 -76,35 -53,42 -4,89 Pb*
Si0s (1 -104,9 -137,42 -138,31 0,88 -32,406 -80,95 -2,7 Zn*
1021)( 125,8 -158,32 ~158,89 0,56 32,738 | -100,5 3238 cd
109,49 141,99 _142,44 0,44 33,32 85,67 231 Pb2
PAN
107,29 152,77 ~154,06 1,29 71,56 44,03 413 Zn?t
AZZO; O ™ az01 -189,48 -190,68 1,19 70,44 81,21 5,08 cd
) 114,83 -160,30 -161,16 0,85 72,05 52,53 4,95 Pb2
SiOH (1 -91,77 -137,25 -137,98 0,72 -30,50 -81,04 -3,07 Zn?
;) 2]( -111,59 -157,06 -157,84 0,78 -33,54 -100,43 -2,83 ca*
) -96,09 -141,569 -142,216 0,646 -31,45 -85,04 -2,97 Pb?
MBT
1O (0 -106,46 -128,05 -128,17 0,11 -45,42 -43,06 -5,05 Zn?
;]3)( -143,05 -164,65 -164,81 0,158 -42,27 -81,60 -5,13 Cca*
-113,83 -135,42 -135,59 0,16 -45,55 -52,87 -4,32 Pb?
Si0- (1 -106,23 -127,83 -127,87 0,047 -19,91 -80,98 -3,308 Zn*
; 2]( -125,22 -146,82 -146,92 0,10 -21,08 -99,90 -3,23 Ca*
) -110,18 -131,77 -131,83 0,052 -21,87 -85,02 -3,045 Pb?
Upeaky, % capacity (up to 30%) but the SiO,-DTZ sam-
100.00 ple exhibited high level of selectivity for
90.00 Cd*" ions (95% uptake).
8000 To compare experimental and molecu-
7000 lar modeling results, the experimental values
fan =z of sorption capacity and the calculated ad-
::: »  sorption energy are plotted on Figure 4. The
wed good correlation observed for all samples
30.00 . 2+ 2+ P
2000 except sorption of Zn“’, Pb°" on silica
1000 sorbents and Cd*" ions on alumina impregnat-
000 ed by the DTZ as predicted by computer calcula-
AI203-0T2 AI203-MBT AI203-NAH tion.
Uptake , %
10009 Conclusion
e In summary, molecular modeling of the
o multisorption process from water solution
::: (Cd**, Ni*", Zn*") on the alumina and silica
o “**  impregnated by 2-mercaptobenzothiazole, 1-
oy :: (2-Pyridylazo)-2-naphthol, diphenylthio-
Soiio - carbazone (dithizone) correlated with experi-
5060 mental results. The adsorption energies
1060 J were exothermic due to strong mineral—
0.00 | adsorbate interaction. Si0,-DTZ sample ex-
$i02-012 Si02-MBT

Figure 3. Experimental data on sorption uptake.

hibited high level of selectivity to Cd2+
ions. The good correlation observed for all
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0.18 -85.8 0.45 536 dEad/dM
Qe, mmolfl o 1 dEad/dm Qe, mmol/g , 40 i
-85.6
0.14 0.35 532
012 854
0.30 53
0.10 0.25
852 =—¥—qg, 528 —+qe,
0.08 0.20
—a—dH 525 —W—dH
0.06 -85 0.15 .
0.04 0.10 524
-84.8
0.02 0.05 52.2
0.00 846 0.00 52
Zn Si02-07Z Si02-MET Zn A203-DTZ AIRO3-MBT  AIRO3-NAH
0.60 -80.985 035 432
, mmol/l dEad/dMm dEad/dM
Qe, mmol/ 0so -80.98 Qe, mmolfl o 44
-80.975 438
0.40 -80.97 0.25 436
-80.965
0.20 434
0.30 -80.96 —¥—qe, —=qe,
0.15 -43.2
80,955 —m—dH ——dH
020 -80.95 0.0 3
-42.8
0.10 -80.945 0.05
-80.94 : 426
0.00 » -80.935 0.00 -42.4
Cd 5i02-D7Z Si02-MBT Cd Al203-DTZ  AI203-MBT  AI203-NAH
1.60 -100.6 0.60 817
Qe, mmolfl 140 5 dEad/dM Qe, mmol/| 816 dEad/dM
-100.4 0.50 -81.5
1.20
-100.3 0.40 814
1.00 -100.2 813
0.80 41001 —*—qe, 0.30 812 =+=ge,
0.60 -100 —m—dH $11 —m—dH
999 0.20 81
040 99.8 -80.9
e 0.10 8
0.20 99.7 808
0.00 99.6 0.00 -80.7
Si02-DTZ Si02-MBT Al203-DTZ  AI203-MBT  AI203-NAH

Figure 4. Sorption capacity and adsorption energy for multisorption.

samples except sorption of Zn>", Pb*" on sil-  pregnated by the DTZ as predicted by the
ica sorbents and Cd*" ions on alumina im-  dynamic calculation.
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