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using sulfocarbon and modified anionite”
Research objective:

Development of new sorption materials based on sulfonated natural carbon
and anion exchanger modified with citric acid to reduce the negative impact of

heavy metal cations on water bodies.

Research objectives:

. Synthesis and study of the physicochemical properties of the surface of
sorbents based on sulfuric acid-modified coal from the Shubarkul deposit and
anion exchanger modified with citric acid (AB-17-8: CgHgO7);

2. Calculate the thermodynamic characteristics of adsorption and the values
of the energies of specific interactions on the original and modified anion

exchanger and sulfonated carbon.

3. Identification of patterns of adsorption of heavy metal cations,
comparative assessment of polarity, sorption capacity and efficiency of sorbents In
relation to common heavy metal cations Cu(ll), Ni(Il), Hg(1l) under the influence
of the main natural factors t, °C, pH and quantitative presence ol cations.

4. To offer recommendations on the use of sorbents based on modified
carbon and anion exchanger for environmental water purification and sorption
concentration of heavy metal cations.

Research methods:

theoretical: - data on the kinetics of sorption of heavy metal cations on
sulfonic carbon, measurements of the C(-potential and suspension effect may
indicate a negatively charged surface of sulfonic carbon in the working range of
pH 5.5-7, which is proven by the adsorption of SCM and acid-base indicators.

-Under optimal conditions, using the data ol sorption 1sotherms of SCM on
sulfonic coal, the values of the maximum sorption of individual cations and the
sum of metal cations and, accordingly, the equilibrium constants of the sorption-
desorption process of cations were determined. At pH in the range of 5.6-6.8, for




which elemental, X-ray diffraction and IR spectroscopic analyses were carried out;
the solubility constants KS were determined.

empirical: The following modern physicochemical research methods were
used in the work: IR spectroscopy, adsorption porosimetry, scanning electron
microscopy spectrophotometry, thermogravimetry.

The main provisions submitted for defense (scientific hypotheses and
other conclusions constituting novelty are proven):

|. The ability of coal modified with concentrated sulfuric acid (sulfonic coal)

to sorb heavy metals (Cu (II), Ni (1I), Hg (II)) is 1.3-1.4 times higher than the
original coal.

2. The ability of the anionite modified with citric acid (AB-17-8: C¢HgO7) to
sorb heavy metal cations (Cu(II), Ni(IT), Hg(II)) is 1.2-1.7 times greater.

3. As a result of modification of the anionite (AB-17-8: C¢HgO7) with acid,
the number of weak acid-base centers in the pKa 4.1-5.5 region increases, the
readsorption capacity increases, special electrostatic interactions appear, and the

surface increases.

Justification for the novelty and significance of the obtained results and
therr comphance with scientific development directions or state programs:

|. Scientific novelty:

- To study the effect of modifier application conditions on pore distribution
and the activity of the obtained sorbents, a series of new sorbents of modified
anionites and carbons were synthesized. For the first time, the approach of
applying an active composition to the surface of an inert structured primary carrier,
providing the necessary textural characteristics, thermal and mechanical stability of
the sorbent is widespread anion exchanger and coals of the Shebarkul deposit.

- It 1s shown that the use of sulfuric acid as a modifier of the unique porous
structure of the Shebarkul coals aftects the formation and distribution of Me (II)
cations on the surface: two types ol sorption of Me (I1) cations are observed: 0.5-
3.0 nm in size, localized mainly mside the pores of sulfocoal, and larger particles
(4-8 nm) located on the outer surface of sulfocoal.

- For the first time, the dependence of the sorption of heavy metal cations on
sulfocoal and AB-17-8: CgHgO7 on pH was studied. As a result, sorption isotherms
of SCM and mdividual metal cations were constructed, approximated by regression
equations. These 1sotherms are of the Langmuir type, related to the monomolecular
type of adsorption.

- It 1s suggested that the difference in the molar ratio of components in the
adsorbate [rom the stoichiometric one can serve as evidence of the adsorption of




metal cations on various active centers of sulfonic coal, the presence of which is
shown by the Hammett indicator method.

2. Main results of the study:

- Treatment of Shubarkol coal with sulfuric acid HySOx and anion exchanger
8: CHs0- with citric acid made it possible to obtain sorbents with high sorption

capacity with respect to heavy metal cations.

- Under optimal conditions, according to the data of SCM sorption isotherms

on sulfonic coal, the values of the maximum sorption of individual cations and. the
sum of metal cations and, accordingly, the equilibrium constants of the sorption-
desorption process of cations were determined. At pH in the range of 6-8, for
which elemental, X-ray dilfraction and IR spectroscopic analysis; solubility

constants KS were determined. It was suggested that the difference in the molar
ratio of components in the adsorbate from the stoichiometric one may Serve as

evidence of adsorption of metal cations on various active centers of sulfocoal, the
presence of which was shown by the Hammett indicator method.

- The dependence of the sorption of heavy metal cations on AB-17-8:
C,HsO5 and sulfocoal on pH was studied. As a result, sorption isotherms of SCM
and individual metal cations were constructed, approximated by regression
equations. These isotherms are of the Langmuir type, related to a monomolecular
adsorption layer. Using the linearization of the initial section of the isotherm, the
maximum sorption values of individual cations (a,, = 1.07 mmol/g) and the sum of
metal cations (a,, = 1.14 mmol/g), as well as their sorption-desorption constants '
(K,yq = 388 and Ky = 109.6) were determined. The maximum sorption value of ]

|

the initial anion exchanger is 0.012 mmol/g, which is less than that of AB-17-8:
C¢HgO4, which is an effective adsorbent for SCM.

- The possibility of adsorption extraction of SCM at a concentration of less
than 0.002 mol/l and complete extraction (~100%) from water on AB-17-8:

C.H:O5 and sulfocarbon 1s shown.
3. Practical signtlicance:

- When Shubarkol coal 1s treated with sulfuric acid H,SO,, the Me(II)
sorption reaction occurs, resulting in the formation of phenolic carbon groups and
acid groups —SOsH, -COOH, —OH, which made it possible to obtain a sorbent with
a high sorption capacity for heavy metal cations.

- The possibility of adsorption extraction of SCM at a concentration of less
than 0.002 mol/l and complete extraction (~100%) from industrial waters on
sulfocoal and AB-17-8: C,lHeO5 is shown.

- Thermodynamic characteristics of adsorption of heavy metal cations on
sullocarbon and AB-17-8:C6H807 were calculated




The results abtamed will serve as a basig for <',1(‘ming a sorption system for
the adsorption of heavy metals from water of natural and industrial origin,
including for the purification of waste water from chemical, pharmaceutical and
other enterprises.

4. The dissertation work corresponds to the priority direction of scientific
development: “Rational use of natural resources. including water, geology,
extraction and processing of minerals and hydrocarbons, new materials and
technologies, safe products and designs.”

The connection of the dissertation topic with scientific research work
and various state programs. The work was carried out on the basis of state grant
funding under the project BR24992867 "Development of resource-saving
technologies for the development and management of water management and
processing industries of Kazakhstan, creation of an innovative engineering center.”
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authors Kambarova E.A., doctoral student’s share 70%)

2. Effective methods for removing heavy metals with ion exchangers and
modification of ion exchangers. Bulletin of TarSU named after M.Kh.Dulati. No.
27.2019 P.24-32. (co-authors Bektenov N.A., Kambarova E.A., doctoral student’s
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Structure and volume of work. The dissertation work consists of standard
sections: normative references, designations and abbreviations, introduction,
litcrature review, experimental part, experimental results and their discussion, l1st

of used literature and appendix.

Scientific consultant:

- /
: - SN WAHOHAD, . 40
Doctor of Chemical Sciences, QSO
'y " KQ. 0”9
Professor of the Department of Chefiigy 5 2)
cC O
* - * O 9 Y
Kazakh National I)C(lﬂ‘f_{OglC(ll 28 Sz PAEIAAMbIH: «Abait atbipare Kas¥Nys KEAK
e L SN <5 ‘ A CACATb! BACKAPMACHIHBIH KETEKIC]
University named alter Abay 2% * anaeesio- N.A . Bekle
b 3 \% % S L\ ChldNonnTens
\%% £ YIPABNEHNS KAQPOBON NONUTAK
'\Q#f’ 2 *\b ll_(lonb] HAO «KaaHNy um AbBanxr
\\“\\%j MOxIN * '%‘*:::,0“ Ao




