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ABSTRACT

Research work is devoted to studying the adsorption properties of heavy metal ions Pb 2*, Cd ?*
and Zn 2* in industrial wastewater. Natural clinoptilolite was used to adsorb heavy metal ions.
Clinoptilolite belongs to the Ai-Dag deposit of Azerbaijan. The isotherm and kinetic curves of
adsorption of heavy metal ions Pb 2, Cd " and Zn %" were determined . The dependence of the
adsorption of heavy metal ions on the pH value is also shown. It was revealed that the separation
process occurs more intensely at pH values of 6,5-7. It was determined that the maximum
adsorption equilibrium is achieved after 57 minutes.

It was found that maximum adsorption capacity of clinoptilolite adsorbent for the adsorption of
Pb 2", Cd ?*and Zn ?* ™ was 7.51, 6.68 and 5.89 mmol/g, respectively.

Keywords: wastewater, heavy metals, adsorption, Kinetics, regression model.

It is known that, currently, one of the most pressing problems of our time is the problem of
environmental protection. In connection with the development of science and technology,
environmental issues are becoming increasingly relevant. At the same time, engineers, scientists,
and ecologists are faced with the global problem of solving these issues. Therefore, the issue of
separating heavy metal ions from industrial wastewater remains relevant today. Common
industrial wastewater treatment methods include chemical precipitation, membrane separation, ion
exchange, evaporation and electrolysis, etc. These methods are often expensive or ineffective,
especially when the amount of heavy metal ions in the solution is small . Among the traditional
methods used for treating wastewater from heavy metals, the adsorption method is especially
used. However, the advantages of this method are offset by the increased cost of adsorbents such
as activated carbon and synthetic ion exchangers. Inexpensive and widely available adsorbents, as
well as natural adsorbents such as natural zeolites, have prompted researchers to focus on them.
Natural clinoptilolite, one of the natural zeolites, is widely distributed in many countries around
the world. At the same time, it is known that our country has rich deposits of natural clinoptilolite.
As a result, it was found that the adsorption method is more effective in matters of environmental
protection and food safety and is also economically beneficial [1-5].

The purpose of this research work is to study the adsorption properties of heavy metal ions
Pb 2*, Cd 2" and Zn 2* from industrial wastewater ( Fig. 1). Heavy metals and their compounds
have a toxic effect on humans, flora and fauna. These toxic effects cannot be eliminated without
restrictions. They exist only in certain chemical compounds and in certain concentrations. A large
amount of lead was found in the Azerbaijani sector of the Caspian Sea, in transboundary rivers
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and lakes of neighbouring countries. Zinc and cadmium are major water pollutants. The amount
of lead in food consumed by the population is large [6]. From this point of view, recent attention
has been paid to the prevention of environmental pollution and food safety due to their high
toxicity and non-biodegradability. heavy metal ions . Studied in laboratory conditions the inetic
patterns of adsorption of heavy metal ions Pb 2%, Cd 2* and Zn ?* from industrial wastewater (Fig.
1). It was determined that the maximum adsorption equilibrium was achieved after 57 minutes.
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Figure 1. Kinetic patterns of adsorption of heavy metal ions Pb 2*, Cd " and Zn 2*

Based on data from experiments on the absorption of heavy metals Pb 2, Cd 2*, Zn ",
matrices for multifactorial experimental planning were compiled, which are presented in Table 1.

Table 1. Results of calculating the dependence after adsorption of the concentration of heavy
metals Pb *, Cd ?*, and Zn 2* from water.

No. | X1-adsorption Xa- Xs-pH Xa- Y- Metal concentration
temperature concentration number granule Pb 2* Cd* Zn
of metals mg/I size mg/l mg/l | #mg/l
1 20 1 10 0.50 0.02 0.001 1
2 20 2 5.5 0.75 0.02 0.0009 1
3 20 3 10.0 1.00 0.19 0.0009 0.9
4 40 1 55 1.00 0.19 0.0008 0.9
5 40 2 10.0 0.50 0.19 0.0008 0.8
6 40 3 1.0 0.75 0.18 0.0007 0.8
7 60 1 10.0 0.75 0.18 0.0007 0.8
8 60 2 1.0 1.0 0.17 0.0006 0.7
9 60 3 5.5 0.50 0.17 0.0006 0.7

As a result of calculations based on experimental planning, a regression equation was

obtained
Y pb=0.022324 - 0.000058Ta - 0.000500C pp + 0.000002Ph - 0.000007R 1)
Y ca=0.001216 - 0.000008Ta - 0.000050C ¢4+ 0.000001Ph - 0.000001R 2
Y zn=1.2324 - 0.005833Ta - 0.0500C z» + 0.000184Ph - 0.000667R 3

Equations (1)-(3) constitute a regression model of the adsorption process of heavy metals.

I

PAHTEI

PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS




Table 2 gives the values of the levels and ranges of variation in the parameters of the
adsorption process . The output parameter of the adsorption process is the concentration of the
metals Pb 2*, Cd 2", and Zn ?* . It is required to find the minimum concentration value at the
outlet. To analyze the results of experiments, process statistical data and interpret them, we used
the software package Minita b — “Design of Experiment (DOE)” [7-9]. The concentration of
heavy metals at the outlet was chosen as an optimization parameter. From an analysis of literary
sources, as well as based on the results of multifactor experiments, the following factors
influencing the efficiency of the adsorption process were identified for further study : adsorption
temperature Ta, metal concentration C, pH number, granule size R. Based on the results of
multifactor experiments, the optimal values of technological factors were found:

- adsorption temperature — 21.8°C, metal concentration: Pb 2*- 0.019, Cd ?* - 0.00008, Zn 2* -
0.7 mg/l., pH number — 6.7, granule size — 0.5 mm

Graphs of the influence of factors on the output parameter of the adsorption process are
presented in Fig. 2 . An increase in the temperature of the adsorption process leads to a decrease
in the absorption capacity (yield). With an increase in the concentration of Pb 2* Met@ls = the
absorption capacity of the absorbent decreases. Consequently, by increasing the pH number from
1 to 5.5, the absorption capacity of the adsorbent increases, but from 5.5 to 10 it does not change.
Increasing the size of adsorbent granules from 0.5 mm to 0.75 mm, the absorption capacity
increases, after 0.75 mm to 1 mm it decreases. To assess the influence of a combination of factors,
as well as the most significant influences (adsorption temperature, metal concentration, pH
number and size of adsorbent granules), a Pareto scheme was constructed (Fig. 3. ) The
probability value for assessing the significance of the influences of factors is 0.95-0.98. The
resulting Pareto diagram displayed the absolute value of the influence. All influence values
crossing the control line are significant.
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Figure 2. Graphs of the influence of factors on the output parameter of the adsorption process
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(response is Pb, mr/n, o = 0.05)

Term 278
T

Predictor Name
Temnepatypa agcopBumm

KomueHTpauyn metannos
UYnena pH
Pasmep rpanyn

b
on®®

(1] 2 ‘ 4 (] 8 10
Standardized Effect

Figure 3. Probability value for assessing the significance of the influences of factors

In Fig. 4, the normal probability graph of adsorption capacity is shown. As can be seen from
the figure, the error is low. Figure 5 shows the change in the adsorption capacity of the adsorbent
for heavy metals depending on the adsorption temperature and the concentration of heavy metals
in the solution. A surface area has been obtained that has surface area, flat surface shape.

Table 2. The meaning of levels and intervals of varying parameters of the adsorption process.

Designation of Level of variation Variation interval
factors 1 0 1
Ta, °cC 20 40 60 20
C, mg/l 1 2 3 1
pH, - 1 55 10 4.5
R, 1 mm 0.5 0.75 1.0 0.25

As can be seen from Fig . 5a, the maximum values of the absorbent capacity of the adsorbent
are achieved at a temperature of 21.8 °C, the concentration of heavy metals in the solution is 2
mg/l.
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Figure 4. Normal probability plot of adsorption capacity
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Fig. 5b shows the change in absorption the ability depends on the adsorption temperature and
pH number. The surface area has the shape of a flat plane . The maximum value of the absorption
capacity is achieved at a pH value of 6.7 . In Fig. 5b shows the change in the absorption capacity
of the process absorption from the adsorption temperature and the size of the granules; the surface

area is flat, the maximum absorption capacity is achieved at a temperature of 21.8 ° C; the size of
the adsorbent granules is 0.5 mm.
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Figure 5. Change in the absorption capacity of the adsorbent for heavy metals P b
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Fig. 59 indicates the change in the absorption capacity of the absorption process from the
concentration of metals P b 2* pH number. The surface area is flat. The maximum value of the
absorption capacity of the absorption process at a metal concentration of Pb 2* 1 mg/I, number 6.7.

In Fig. 6 . Contour graphs of the dependence of the yield on various parameters of the Pb 2*
absorption process ara presented . The obtained patterns for the heavy metals P b 2*, Cd 2" and Zn %* are
the same , only the numerical values of absorption change ( Fig. 7, 8).
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Figure 6 Contour graphs of the yield depending on various parameters of the Pb 2* absorption
process
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Figure 7. Contour graphs of the yield depending on various parameters of the absorption
process of C d 2
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Figure 8. Contour graphs of the yield depending on various parameters of the Zn 2* absorption
process

Conclusions

1. It was determined that the maximum adsorption equilibrium was achieved after 57
minutes.

2. Based on data from experiments on the adsorption of heavy metals Pb 2*, Cd 2" and Zn %,
a matrix for the multifactorial planning of experiments was compiled.

The following factors affecting the efficiency of the absorption process were identified:
adsorption temperature, concentration of heavy metals, pH number, and granule size. A regression
model of the adsorption process has been developed.

3. Based on the results of multifactor experiments, the optimal values of the technological
parameters of the absorption process were found: adsorption temperature 21.8 ° C, metal
concentration: Pb 2* - 0.019, Cd ?* - 0.00008, Zn 2* - 0.7 mg/l, pH number — 6.7, granule size — 0.5
mm

References

19. Teoh Wah Tzu, Takuma Tsuritani , Kazunori Sato Sorption of Pb( I1), Cd(I1), and Ni(ll) Toxic
Metal lons by Alginate-Bentonite Journal of Environmental Protection, 2013, 4, 51-55

20. Yusubov FVJ Water Chem and Tech. 2019, V.41, No. 1, pp.57-62

21. Sharififard H., Nabavinia M., Soleimani M. // Adv. Environ . Technol. 2016. V. 2. |. 4. P. 215.

22. Saleh TA, Gupta VK // Environ. Sci. Pollut . Res. 2012. V. 19. P. 1224.

23. Jacob JM, Karthik C., Saratale RG, Kumar SS, Prabakar D., Kadirvelu K., Pugazhendhi A. //
J. Environ. Manage. 2018. V. 217. P. 56

PAHTEI [
PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS | 453




24. Abbasov R. Sanitation and Pollution Action Plan. The Republic of Azerbaijan. Global
Alliance on Health and Pollution. Baku. 2021, 143 p.

25. Dyakonov VP MATLAB. Complete tutorial. — M.: DMK Press, 2012. — 768 p.: ill.

26. Stevenl.. Gordon, Brian Guilfoos Introduction to Modeling and Simulation with MATLAB
(R) and Python CRC Press, 2020 .p: 191

27. George Lee Sye Minitab Statistical Analysis Handbook: A Handbook for Lean Six Sigma
Professionals Paperback — May 17, 2022, RUR 163
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ABCTPAKT

Hayuno-uccienoBatenbckas paboTa MOCBSIICHA W3YYEHHIO aJICOPOIMOHHBIX CBONCTB HOHOB
TsKeNbIX MeTamoB Pb?* Cd?* u Zn?" B mpoMBIIIIEHHEIX CTOYHBIX Bojax. s afcopOuuy HOHOB
TSDKENBIX METAIJIOB WCIOJIb30BAU MPUPOAHBIA KIMHONTHIONUT. KIIMHONTHIONUT OTHOCUTCS K
MecTopoxkaeHuo Ai-Jlar B AzepOaiimxane. OmnpenenaeHsbl U30TEPMbl M KHHETHYECKHE KpUBbBIE
afcopOIMM MOHOB TSKENBIX MeTamnoB Pb%?*,Cd®* m Zn?'. Takxe moka3aHa 3aBHCHMOCTb
azicopOIMM MOHOB TSDKENBIX METAIIOB OT 3HadeHus pH. BwisBneHO, 9TO Tporiecc pasiereHus
mpoTekaeT Ooliee MHTEHCUBHO Tpu 3HaueHusx pH 6,5-7. YcraHOBIEHO, YTO MaKCHMAalbHOE
a7ICOPOITMOHHOE PAaBHOBECUE OCTUTAETCS uepe3 57 MUHYT.

YcTaHOBNIEHO, YTO MakcUMajbHas aJCOPOIMOHHAS €MKOCTh KIMHONTUIIOIUTOBOTO aJcOopOeHTa
10 azcop6rmu noros Pb?* |, Cd?* u Zn?* cocrasuna 7,51, 6,68 n 5,89 MMOJB/T COOTBETCTBEHHO.
KutoueBble cji0Ba: CTOYHbBIE BOJBI, TSHKEIbIE METAJUIbI, aAcOpOLUs, KHHETHKA, PErPecCUOHHAs
MO/IEIb.
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Cd2+ va Zn2+ TULLANTI SULARINDAN ADSORBSIYA
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XULASO
Tadqiqat isi senaye ¢irkab sularinda agir metal ionlarmin Pb?*, Cd?* vo Zn?* adsorbsiya
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xUisusiyyatlorinin dyronilmosina hasr edilmisdir. Tabii klinoptilolit agir metal ionlarin1 adsorbsiya
etmak iiciin istifada edilmisdir. Klinoptilolit Azarbaycanin Ay-Dag yatagina aiddir. Pb?*, Cd®* vo
Zn?+ agir metal ionlarmin adsorbsiyasinin izotermlori vo kinetik ayrilori miioyyon edilmisdir.
Agir metal ionlarin adsorbsiyasinin pH doyarindon asililig1 da gosterilir. 6,5-7 pH dayarlorinda
ayrilma prosesinin daha intensiv getdiyi askar edilmisdir. Miioyyan edilmisdir ki, maksimum
adsorbsiya tarazlig1 57 doqigodon sonra aldo edilir.

Miioyyen edilmisdir ki, Pb?*, Cd?* vo Zn?* ionlarinin adsorbsiyast iigiin klinoptilolit adsorbentinin
maksimal adsorbsiya gabiliyysti miivafiq olaraq 7,51, 6,68 vo 5,89 mmol/q olmusdur.

Acar sozlar: tullant1 sulari, agir metallar, adsorbsiya, kinetik, reqressiya modeli.
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