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PRODUCTION OF SODIUM CARBOXYMETHYLCELLULOSE FROM
PINE WOOD WASTE AND INVESTIGATION OF ITS PHYSICOCHEMICAL
PROPERTIES
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Abstract. With the increasing use of wood resources, wood waste disposal is
becoming a pressing issue. Wood waste can be effectively processed and reused, thus
reducing environmental impact. Our study proposes using wood waste to produce
sodium carboxymethyl cellulose (Na-CMC) with enhanced physical and chemical
properties. The paper explores a promising approach to processing Scots pine (Pinus
sylvestris L.) wood waste via the suspension method to obtain the biopolymer Na-
CMC. The ability to convert pine sawdust into Na-CMC meets the demand for high-
quality wood raw materials, expands the biopolymer’s applications, and reduces the
environmental and economic burden of wood consumption. The aim of this study is
to produce Na-CMC from Scots pine sawdust at 60°C and 80°C and investigate the
biopolymer’s physical and chemical properties. In laboratory experiments, Na-CMC
samples were synthesized at 60°C and 80°C using sodium hydroxide, propanol-2,
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and sodium monochloroacetate (Na-MCA). The physical and chemical properties of
Na-CMC were studied such as functional groups (hydroxyl, methylene, carbonyl),
alcohol and ether bonds by IR spectrophotometry; molecular mass, polymerization
degree, and viscosity of polymer solutions by viscometry; carboxymethyl groups by
conductometric titration; and product yield and solubility by gravimetry. The scientific
and practical significance of the chemical modification of wood sawdust cellulose has
been established, with carboxymethylation proving effective at 60°C.

Keywords: carboxymethylation, sodium carboxymethyl cellulose, biopolymer,
carboxymethyl groups, molecular weight, degree of polymerization, viscosity.
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AnHoramusa. byn wmakanama Harpuwii kapOokcumerwineunonoza  (Na-KMII)
OWonoiaMMepiH aiy MakcaTblHIa KoIiMri Kaparauh (Pinus sylvestris L.) aram
KaJIJIBIKTapbIH CYCIIEH3Us 91iCIMEH OHJICY/IiH THIM/I1 OaFbIThI 3epTTeireH. Kaparaii aramn
yriaginepin Na-KMII-ra kalita eHJIey, CUHTE3/eyTre Ka)eTTi )KOFapbl carallbl ararl
IIMKI3aThIHA JIET€H CYPAHBICThI KaHAFATTAaHJBIPAJIbI JKOHE OUOIOIMMEPIiH KOJIJIaHy
AsICBIH KEHEWTIIT KaHa KOWMail, COHBIMEH KaTap aralll IIbIFbIHBIHBIH YKOJIOTHSUIBIK KOHE
SKOHOMHUKAJIBIK aybIPTHAIBIFBIH a3aiTyra MYMKIHIIK Oepemi. JKyMBICTBIH MakKcaThl
— Komimri Kaparani (Pinus sylvestris L.) arambiablH yringiiepinen 60°C sxone 80°C
TeMIeparypaja cycreH3usuibIK dficien Na-KMI any xoHe Ouononumepain (pusnka-
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XMMUSUIBIK KacHeTTepiH 3eprTTey. 3eprTrey onictepi. Jlaboparopusisik ToxipOuene
60°C sxone 80°C temmeparypana HaTpUil THIPOKCHI, KapOOKCUMETWIIEY pearcHTi
peTiHae MOHOXJIOPCipKe KBILIKbUIBIHBIH HaTpuil Ty3bl (Na-MXCK) sxoHe mpomano-2
konganeubin, Na-KML] ynrinepi cunresnenni. Hotmwxkenep sxoHe Tankpuiay. Na-KMLI-
HiH (U3UKa-XUMHUSUIBIK KaCHETTepl 3epTTeii: GYyHKIHMOHAIABI TONTAPHI (THIPOKCHI,
METHJICH, KapOOHMIT), CIUPTTI ’KoHE KapanaibiM dHUpIIi XUMUSUIBIK OaitnanbicTapsl MK-
CeKTpo(OTOMETPHsI SiCiMEH; YITIIEpAiH MOJEKYJIalblK Maccachl, MOJTUMEPH3ALs
JOpeKeci, TOJIMMEp epITIHAUIEPIHIH TYTKBIPIBIFBI BUCKO3UMETPHS  OfIiCiMEH;
KapOOKCUMETHII TONTaphl KOHAYKTOMETPHSIIBIK TUTPICYMEH; OHIMHIH IIBIFBIMBI JKOHE
epirimTiri TpaBUMETpUsl 9iCIMEH aHbIKTanAbl. KOpBITBIHABL Afaml yriHALIEpAiH
LEJUTFOJI03aChIH XUMUSITBIK MOTU(HUKALMSIIAY OMICIHIH FBUIBIMH KOHE MPAKTHKAJIBIK
MaHBI3ABUIBIFBl YCHIHBIIABI, coHAal-aK 60°C TemmepaTypana KapOOKCUMETUIACYIH
TUIMJILIIT] )KOFapbl €KeHi aHBIKTAJIIbI.
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AnHoTaumus: B jaHHOW cTaTbe WHCCIENOBAHO TMEPCIEKTUBHOE HalpaBieHue
o mepepaboTke OTXOMOB JPEBECHUHBI COCHBI OOBIKHOBeHHOU (Pinus sylvestris
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L.) CYCHCH3MOHHBIM METOIOM C IENbl0 TIOJNyuYeHHs OHONoNIMMepa HaTpui
kapOokcumetwenrono3sl  (Na-KMII). Bo3MokHOCTE  mepepaOOTKA — OMHUIIOK
npesecubl cocHbl B Na-KMILl T0O3BOMUT yIOBIETBOPUTH MOTPEOHOCTH CHHTE3a
B BBICOKOKaY€CTBEHHOM JAPEBECHOM CBIPbE M PACHIMPHUTh CQepy NpUMEHEHHS
Ouononumepa, a Tak’Ke CHU3UTh KOJIOTMYECKYIO H SKOHOMHUYECKYIO Harpy3Ky pacxoja
npesecunbl. Llens pabotel — momydenune Na-KML] cycnieH3HOHHBIM METOIOM U3
OIMJIOK JIPEBECHHBI COCHBI OOBIKHOBEHHOU (Pinus sylvestris L.) mpu Temmeparypax
60°C u 80°C wm wuccienoBanue (QU3MKO-XMMHUUECKUX CBOHCTB OuomoanMepa.
Mertozp! uccnenoBanus. B nabopaTopHOM SKCIEpUMEHTE CHHTE3MPOBAHBI 00pa3Libl
Na-KMII npu temmeparypax 60°C u 80°C ¢ mpuMeHeHHWEM THIPOKCHIA HATpus,
pacTBOpUTENsl TMpOMaHoia-2 M KapOOKCHMETHJIMPYIOLIETO  peareHTa HaTpUEeBOM
comu MoHoxJopykycHor kucioTsl (Na-MXVYK). UccnenoBanbl pU3NKO-XUMUYECKUE
cBoictea Na-KMILIl: oOHapyxeHbl (yHKIHOHAIBHBIE TPYHNbl (THAPOKCHIIBHAS,
METHJICHOBAs, KapOOHMJIbHAS), CIIMPTOBBIE U MPOCTHIC d(PUPHBIE XUMUYECKHE CBS3H
UK-cnekrpodoTomMeTpreii; MONEeKyIsipHasi Macca, CTeNeHb NOIMMEpU3alii 00pa3oB
U BSI3KOCTh PacTBOPOB MONKMMEpPA BH3KO3UMETPHEH; peayorus; KapOOKCHUMETHIIbHBIC
IpyHNbl KOHAYKTOMETPUYECKUM THUTPOBAHUEM; BBIXOJ MPOAYKTa M PacTBOPUMOCTH
rpaBUMeTpHuel. PekoMeH10BaHO Hay4yHOE M NMPaKTHYECKOE 3HAYeHHE MPEI0KEHHOTO
crnoco0a XMMHUYECKOW MOTU(PHUKALNU LEJUTION03bI OMWIOK JIPEBECHHBI, a TaKkKe
yCTaHOBJICHA (P PEKTHBHOCTH KapOOKCHMETUIINPOBaHus pH Temmneparype 60 °C.

KiroueBble ci10Ba: kKapOOKCUMETHIIMPOBAHKE, HATPUI KapOOKCHMETHIIIICIUTION03a,
ouononumep, KapOOKCUMETWIIbHBIC TPYIIBI, MOJIEKYIsApHAas Macca, CTeleHb
MOJIUMEPHU3ALINH, BSI3KOCTh

Introduction. In recent years, there has been a widespread increase in the generation
ofindustrial waste. The total volume of accumulated solid household waste in Kazakhstan
has reached approximately 103 million tons. Each year, an average of 5-6 million tons
of such waste is generated, and according to estimates, this figure could rise to 8 million
tons per year by 2025. with an annual growth rate of 20% (Bekezhanov, 2017). This
issue is particularly significant for enterprises engaged in the processing of plant raw
materials, including wood. In the production of certain types of woodworking products,
waste exceeds 75% of the volume of wood used (Kolesnikova, et all, 2020). The main
types of waste from the woodworking industry include chunky residues, paper waste,
shavings, sawdust, and dust. In both global and domestic practices of wood processing
waste utilization, sawdust has found the least application, with no more than 30%
of its total volume being used for the production of eco-fuel, construction materials,
complex fertilizers, zoo products, and feed additives. Inefficient use of sawdust leads to
environmental and economic problems, such as environmental pollution by wood dust
and toxic substances (phenol, formaldehyde, etc.), irrational use of forest resources, and
increased fire hazards, among others (Kostyleva, et all, 2020), (Klara, 2022). Addressing
the issue of sawdust processing, it is essential to consider the quality characteristics of
the raw material and the economic factor (Kalyuta, 2020).

In modern conditions, the use of sawdust expands the raw material base and reduces
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production costs by minimizing the number and duration of individual technological
stages. (Bazarnova, et all, 2004), (Olaiya, et all, 2023).

One the possible solution for the utilization of wood waste is the chemical modification
(carboxymethylation) of plant raw materials to obtain water-soluble polymers with a
range of useful mechanical, rheological, bioactive, and other operational properties
(Markin, et all, 2013; Markin, et all, 2010).

In this regard, there is both scientific and practical interest in natural polysaccharides,
such as cellulose and its derivatives, within the field of polymer chemistry. (Rahman,
et all, 2021; Kukrety, et all, 2018). The most common cellulose derivatives are
carboxymethyl cellulose (CMC), a simple water-soluble cellulose ether, and its sodium
salt (Na-CMC), which exhibit excellent film-forming properties, complexation abilities,
and non-toxicity. These properties enable the creation of interpolymer complexes based
on Na-CMC in combination with various polymers for a wide range of applications in
medicine, the oil industry, food production, pharmaceuticals, and agriculture.

The process of wood carboxymethylation is well-studied and has been extensively
covered in scientific journals and patent literature (Joshi N, et all, 2024; Miiller, et all,
2018).

Wood carboxymethylation is based on the Williamson ether synthesis - the
O-alkylation of alkaline cellulose with monochloroacetic acid (MCA) or its sodium salt
(Na-MCA) in a two-stage process (Figure 1).

Figure 1. Chemical reactions of cellulose carboxymethylation.

The synthesis of Na-CMC involves the alkaline treatment of cellulose fibers
(mercerization) and the carboxymethylation of alkaline cellulose with MCA in the
presence of sodium hydroxide. In this process, the hydroxyl groups of the polymer’s
elementary unit are predominantly substituted at the C6 position, due to the reactivity
order of C3 < C2 < C6 (Gaisina, et all, 2022).

In recent research, the modification of the three main methods of cellulose
carboxymethylation reactions is particularly relevant: suspension (liquid-phase or
heterogeneous, in a solvent medium), solid-phase (without a solvent), and homogeneous
(in solution) methods (Markin, 2010). In the production of Na-CMC by the solid-phase
method, technical cellulose undergoes various mechanical treatments such as mechanical
grinding, mechanochemical processing, and extrusion (Cheprasova, et all, 2012; Qi, et
all, 2023). Homogeneous carboxymethylation involves the use of different solvents and
mechanisms for dissolving cellulose. In the suspension method, during the initial stage,
wood is treated with various reagents such as ethanol, propanol-1, propanol-2, toluene,
tertiary butyl alcohol, benzene, acetone, and mixtures of alcohols and water. These
reagents interact with the reactive functional groups of the main biomass components,
forming additional covalent bonds.

The suspension method for producing Na-CMC is of particular interest due to
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its advantages: the alkylating agent (MCA or Na-MCA) is dissolved and uniformly
distributed throughout the reaction mixture in the swollen alkaline cellulose; the low
viscosity of the reaction medium maintains the desired reaction temperature; it prevents
local overheating; it uses simple and inexpensive equipment for mixing the reaction
mixture; and it allows for the removal of by-products such as sodium chloride, sodium
carbonate, and the sodium salt of glycolic acid by extraction with 60% ethanol (Kalyuta,
et all, 2006).

The production of Na-CMC with specific properties (viscosity, solubility, uniformity
of substituent distribution, and degree of substitution) is determined by the synthesis
conditions: the type of plant raw material, the ratio and order of introduction of the
reacting agents, the temperature of mercerization and carboxymethylation, the duration
of the overall synthesis and individual stages, the nature and volume of the solvent, and
the intensity of side reactions (saponification of MCA forming sodium glycolate).

The purpose of this study is to obtain sodium carboxymethyl cellulose (Na-CMC)
using a suspension method from Scots pine (Pinus sylvestris L.) sawdust at temperatures
of 60 and 80°C, and to investigate the physicochemical properties of the resulting
biopolymer.

Methods and materials. The raw material for obtaining Na-CMC was common
pine wood sawdust (Pinus sylvestris L.) with a particle size of 0.315-0.630 mm and a
moisture content of 5.5-6%. For the identification of the laboratory-produced Na-CMC,
a commercial sample of Na-CMC polymer (Laborpharma, Kazakhstan) was also used.
A thermostat LAB-TJ-TB-01/19 (Russia), a conductivity meter Agilent 3200c (USA),
a spectrophotometer Infealum FT-801 (Russia), a capillary viscometer VPJ-2 with a
diameter of 0.56 mm (Russia), rotational viscometer Haake VT-550 (Thermo Scientific,
Germany) a membrane filter with a diameter of 0.45 um, and a Schott filter were used
in this study.

Suspension method of Carboxymethylation. Equal portions of air-dried wood sawdust
were weighed and mixed with sodium hydroxide to obtain a homogeneous mass. Then,
propanol-2 was added as a solvent, and the first sample was thermostated at 60°C, while
the second sample was thermostated at 80°C for 1 hour. Subsequently, a mixture of
Na-MCA and water was added to each sample, and they were thermostated under the
same conditions. The resulting products were separated by decantation, washed with a
mixture of 96% ethanol and 90% acetic acid at pH 5 until negative reactions to alkali
(using phenolphthalein) and chloride ions (using a silver nitrate solution) were observed,
and then air-dried. From the obtained carboxymethylated wood (CMW) product, Na-
CMC was isolated by boiling in a conical flask with a reflux condenser for 15 minutes
in a water bath with 15% peracetic acid. The precipitate was then filtered, washed first
with 70% ethanol from acid (to remove the acid, as verified by titanyl sulfate), then with
a hot mixture of ethanol and acetone (1:1), and dried to a constant weight (Markin, et
all, 2013).

The absorption spectra of functional groups in Na-CMC in the infrared region were
determined using a spectrophotometer in the range of 4000-400 cm™, according to the
methodology. Potassium bromide (KBr) was used as the immersion medium. Tablets of
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Na-CMC and KBr were prepared in a press mold under a pressure of 100 kg/cm?. The
spectrum of pure KBr was subtracted from the obtained spectra.

The samples of Na-CMC synthesized at different temperatures were analyzed for
carboxymethyl group content (CMG, %) using the conductometric titration method.

The solubility (S, %) of the obtained samples was determined according to the
methodology, which is based on dissolving the product in distilled water and subsequently
filtering this solution through a Schott filter.

The molecular masses (M, kDa) of the biopolymers were determined using the
viscometric method and calculated according to the Mark-Houwink-Kuhn-Sakurada
equation (Formula 1):

M= ([;]ﬁ

where [n] - the intrinsic viscosity, cm?/g;

K=5.37*103and a =0.73 (K and a are empirical constants for Na-CMC).

The degree of polymerization (n) was determined by dividing the molecular mass of
the polymer (M) by the molecular mass of the monomer (M, ) (Klivenko, et all, 2023).

The rheological properties of synthesized and commercial samples of Na-CMC were
studied using a rotational viscometer Haake VT-550 (Thermo Scientific, Germany)
(Berikbol, et all, 2024). The flow behavior of polymers with a concentration of 0.01
mol/L in aqueous solution was examined. The measurement system used was the NV
rotor-cup configuration. In the rotational viscometry method, the torque exerted on the
rotor is a measure of viscosity. The measurements were performed in the CS mode
(stationary flow curve) at shear rates ranging from 50 to 4000 s and 50 to 1000 s™*. Data
acquisition and processing were carried out using RheoWin 4.0 and Excel software. For
comparison, the solution of a commercial Na-CMC sample in the same concentrations
was also studied.

Results and discussion. Samples of Na-CMW and Na-CMC were obtained using
the suspension method at 60°C and 80°C (Figures 2a and 2b).

Figure 2. Samples of Na-CMW (a) and Na-CMC (b) obtained at temperatures of 60°C (left) and 80°C
(right).

The synthesized Na-CMD and Na-CMC exhibited the following physical properties:
in dry form, they were yellow, white, or light-yellow powders with no odor, soluble in
cold water, forming transparent viscous solutions that, upon drying, produced stable
films.

A universal and accessible method for identifying Na-CMC samples is IR
spectroscopy. Figure 3 shows the IR spectra of the synthesized polymers and the
commercial sample.
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Figure 3. IR spectra of the studied samples; a) commercial Na-CMC sample;
b) Na-CMC sample synthesized at 60°C; ¢) Na-CMC sample synthesized at 80°C.

The obtained IR spectra have absorption bands that differ slightly from each other.
The IR spectra (v, cm™') show absorption peaks characteristic of the vibrations of
functional groups: the absorption band in the range of 1611-1601 characterizes the
stretching vibrations of the carbonyl group (C=0); peaks in the range of 3478-3300
correspond to the vibrations of the hydroxyl group (O-H); peaks in the range of 3100-
2750 correspond to the stretching vibrations of the methylene group (C—H); and in the
range of 1067-1062, there are intense bands characterizing the vibrations of the alcohol
and simple ether bonds (C—O). The presented results indicate that the studied samples
have the same structure and confirm their correspondence to the Na-CMC polymer
structure.

The yield and characteristics of the obtained Na-CMC from common pine sawdust,
including the presence of carboxymethyl groups and water solubility, are presented in
Table 1.

Table 1. Quantity of Carboxymethyl Groups and Solubility of Carboxymethylated Derivatives Obtained
in Propanol-2

Sample Temperature, °C Yield, % CMG, % S, %
60 57,4+0,7 21,24+0,4 5041
Na-CMC (synthesized) 80 51,8403 24,6+0,2 341
Commercial Sample* - - 12,5+0,3 98+1
*Note: Dash indicates absence of data.

As shown in Table 1, the quantity of CMG in the synthesized Na-CMC samples is
21.2% and 24.6%, which is twice as much as that of the commercial sample.

The solubility of Na-CMC obtained by the suspension method was 35-50%, which is
2-3 times lower compared to the commercial sample. The decrease in Na-CMC solubility
with increasing carboxymethyl group content contradicts the expected increase in
polymer hydrophilicity due to the higher number of polar and ionic groups. However,
this phenomenon can be explained by changes in molecular conformation, enhanced
intermolecular interactions, and the potential formation of gel structures, which limit
the ability of Na-CMC molecules to interact with water. The solubility of polymers also
depends on the molecular weight and degree of polymerization. To study the molecular
weights, relative, specific, and intrinsic viscosities were determined. Based on the
calculation results, graphs of the dependence of intrinsic viscosity on polymer solution
concentration were constructed (Figure 4).
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Figure 4. Concentration dependence of intrinsic viscosity of solutions:
a) Na-CMC synthesized at 60°C, b) Na-CMC synthesized at 80°C, ¢) commercial Na-CMC.

Figure 4 shows that the change in synthesis temperature of Na-CMC did not affect
the viscosity of the polymer solutions. Additionally, the viscosity of the synthesized
samples is 10% lower compared to the commercial sample. The reduction in viscosity
can be explained by gel formation due to the aforementioned hydrophobicity of the
CMG.

Measuring intrinsic viscosity is used to determine molecular weight, as the rheological
properties of the solution depend on the number of units in the chain. The results of the
calculations for the molecular weight and degree of polymerization of the Na-CMC
samples are presented in Table 2.

Table 2. Molecular weight and degree of polymerization of synthesized and commercial Na-CMC

Sample Intrinsic viscosity | Molecular weight Degree

[n], cm®/g M. kDa of polymerization
Na-CMC synthesized at 60°C 30,8 181 750+20
Na-CMC synthesized at 80°C 30,7 181 750420
Commercial Na-CMC 342 163 67020

As seen from the results in Table 2, the synthesized polymers are high-molecular-
weight and, therefore, possess sufficient mechanical strength, making them highly
promising for practical applications.

The study of the rheological properties of polymer solutions allows for the evaluation
of the chemical structure and the arrangement of functional groups that determine the
intermolecular interactions of polyelectrolyte macromolecules in aqueous solutions and
their stability over time. Figure 5 shows the dependence of the viscosity of polymer
solutions on their shear rate.
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Figure 5. Dependence of the viscosity of polymer solutions on their shear rate.

The flow curve of Na-CMC polymer samples is characteristic of pseudoplastic
fluids, where shear stress increases and viscosity decrease with increasing shear rate
[24]. In general, the investigated non-Newtonian fluids exhibit flow behavior in a static
state but demonstrate solid-like properties under abrupt force. When interacting with
solid surfaces, the polymer solutions form a protective polymer film that shields against
destructive mechanical impact.

Conclusion.

The synthesis of Na-CMC using the suspension method demonstrated significant
advantages in controlling the physicochemical properties of the product and ensuring its
environmental safety, while also addressing the global issue of wood waste recycling.
The Na-CMC biopolymer samples were analyzed using physicochemical methods,
including IR spectroscopy, viscometry, conductometric titration, and gravimetry.
Based on the results, the Na-CMC sample obtained at 60°C exhibited more optimal
characteristics: yield (57.4+0.7%), carboxymethyl group content (21.2+0.4%), solubility
(50+1%), intrinsic viscosity (30.8 mL/g), molecular weight (181 kDa), and degree of
polymerization (750+20). Thus, the high mechanical strength, good solubility, and
optimal viscosity of Na-CMC synthesized from wood waste highlight the environmental
and economic potential of this modern waste recycling method.

References

Bazarnova N.G., Katrakov [.B., Markin V.I. (2004, 48:108-116). Chemical modifying of wood.
Rossijskij Khimicheskij Zhurnal Rossijskogo Khimicheskogo Obshchestva Im. D.I. Mendeleeva, (in Eng.).

Bekezhanov D. (2018, 81:227-233). Problems and prospects of solid waste management in the Republic
of Kazakhstan. bulletin of KazNU. Journal of actual problems of jurisprudence. https://bulletin-law.kaznu.
kz/index.php/journal/article/view/1054 (In Russ).

Berikbol N., Klivenko A., Markin V., Orazzhanova L., Yelemessova G., Kassymova Z. (2024, 16:2373)
Development of interpolyelectrolyte complex based on chitosan and carboxymethylcellulose for stabilizing
sandy soil and stimulating vegetation of Scots pine (Pinus sylvestris L.). Polymers. MDPI AG. DOI: https://
doi.org/10.3390/polym16162373 (in Eng.).

CheprasovaM.Y.,Markin V.I.,BazarnovaN.G.,Kotalevskiil.V.(2012,38:726-729.) Carboxymethylation
of wood in different solvents by the action of microwave radiation. Russ. J. Bioorg. Chem., DOI: 10.1134/
S1068162012070035 (in Eng.)

122



Volume 3, Number 460 (2024)

Gaisina B., Orazzhanova L., Musabayeva B., Kazbekova A., Sabitova A. (2022, 86-93) Synthesis and
characterization of cryogels based on chitosan and sodium carboxymethylcellulose. News of the National
Academy of Sciences of the Republic of Kazakhstan. Series Chemistry and Technology, (1). DOI: https://
doi.org/10.32014/2022.2518-1491.95 (in Eng.).

Joshi N., Grewal J., Drewniak L., Pranaw K. (2024, 17: 3.) Bioprospecting CAZymes repertoire of
Aspergillus flavus for green chemistry applications. Biotechnology for Biofuels and Bioproducts. DOI:
10.1186/s13068-023-02453-6 (in Eng.).

Kalyuta E.V., Bazarnova N.G., Markin V.I. (2006, (2):29-31) Influence of treatment duration with
peracetic acid on the properties of carboxymethylated wood and the extracted carboxymethyl cellulose.
Khim. Rastit. Syr’ya. (In Russ.).

Kalyuta E.V., Maltsev M.I., Markin V.I. (2020, (2), 389-397) Influence of negative temperatures on
the growth-regulating ability of aqueous solutions of carboxymethylated plant raw material. Khimiya
Rastitel’nogo Syr’ya. DOI: 10.14258/JCPRM.2020028012 (in Eng.).

KlaraI. (2022, (2), 6-21) Variability of the essential oil composition in the needles of Pinus sylvestris L.
in the territory of GNPP “Burabay” and the city of Nur-Sultan. News of the National Academy of Sciences of
the Republic of Kazakhstan. Series Chemistry and Technology. DOI: https://doi.org/10.32014/2021.2518-
1491.60 (in Russ.).

Klivenko A.N., Orazzhanova L.K., Mussabayeva B.Kh., Yelemessova G.T., Kassymova Zh.S. (2020,
6:3292-3301) Soil structuring using interpolyelectrolyte complexes of water-soluble polysaccharides.
Polym. Adv. Technol., DOI: 10.1002/pat.5053 (in Eng.).

Kolesnikova A.V. (2020, 54-61) Analysis of the formation and use of wood waste at enterprises of
the forest industry complex of Russia. Actual Problems of Economic Sciences. Available at: https:/
cyberleninka.ru/article/n/analiz-obrazovaniya-i-ispolzovaniya-drevesnyh-othodov-na-predpriyatiyah-
lesopromyshlennogo-kompleksa-rossii/viewer (in Russ.).

Kostyleva S.V. (2020, 45-52) Economic and environmental aspects of integrated use of forest products
waste (on the example of the Irkutsk region). Actual Problems of Economic Sciences. Available at: https://
www.example.com/kostyleva (accessed April 2, 2021) (in Russ.).

Kukrety A., Singh R.K., Singh P., Ray S.S. (2018, 9:1587-1595) Comprehension on the synthesis
of carboxymethylcellulose utilizing various cellulose rich waste biomass resources. Waste and Biomass
Valorization. DOI: 10.1007/s12649-017-9903 (in Eng.)

Markin V.I., Bazarnova N.G., Kolosov P.V., Cheprasova M.Y., Moskova Y.S. (2013, 39:699-703)
Carboxymethylation of pine wood subjected to microwave irradiation after pretreatment in an “acetic
acid-hydrogen peroxide-water-catalyst” system. Rus. J. of Bioorganic Chemistry. DOI: 10.1134/
S1068162013070078 (in Eng.).

Markin V.I., Bazarnova N.G., Kolosov P.V., Chernov B.S. (2013, 39:699-703) Carboxymethylation
of pine wood subjected to mechanical and chemical action. Russ. J. Bioorg. Chem., DOI: 10.1134/
S1068162013070078 (in Eng.).

Markin V.I. Karboksimetilirovanie rastitelnogo syrya. Teoriya i praktika, Barnaul, Izdatelstvo
Altajskogo gosudarstvennogo universiteta 2010g (in Russ).

Olaiya B.C., Lawan M.M., Olonade K.A. (2023) Utilization of sawdust composites in construction - a
review. SN Applied Sciences, 5: DOI: 10.1007/s42452-023-05361-4 (in Eng.).

Patent EP2847232B1. Method for Enhancing Yield and Quality of Cereal Crops. Miiller, A., Schmidt,
L., Johnson, P., Fischer, R., 2018.

Qi H. Liebert T., Meister F., Heinze T. (2023, 15:1234-1245) Recent developments of carboxymethyl
cellulose. Polymers, 15:1234-1245. DOI: 10.3390/polym13081345 (in Eng.)

Rahman M.S., Hasan M.S., Nitai A.S., Nam S., Karmakar A.K., Ahsan M.S., Shiddiky M.J., Ahmed
M.B. (2021) Recent developments of carboxymethyl cellulose. Polymers. DOI: 10.3390/polym13081345
(in Eng.)

123



Volume 3, Number 460 (2024)

CONTENTS

CHEMISTRY
K.Sh. Akhmetova, B.K. Kenzhaliev, S.V. Gladyshev*, N.K. Akhmadieva,
L.M. Imangalieva
GLOBAL INNOVATIONS IN EXTRACTIVE METALLURGY OF TITANIUM....... 5

0.K. Beisenbayev, B.M. Smailov, S.A. Sakibayeva, A.B. Issa, A.Sh. Kydyralieva
PRODUCTION AND RESEARCH OF HIGH-STRENGTH STRUCTURED
FERTILIZERS BASED ON TECHNOGENIC WASTE......ccccoiiiiiiieieeeeee 27

A.S. Dauletbayev, K.A. Kadirbekov, S.O. Abilkasova, .M. Kalimoldina
APPLICATION OF ULTRAFLOCCULATION METHOD FOR PURIFICATION
OF RECYCLING SOLUTIONS IN URANIUM MINING INDUSTRIES................ 42

B.1. Dikhanbaev, A.B. Dikhanbaev, K.T. Baubekov, S.B. Ybray
CREATION OF AN ENERGY-EFFICIENT UNIT FOR CLINKER PROCESSING
AT ACHISAL MINE ... ..ot 53

N.B. Zhumadilda, N.G. Gemejiyeva, A.O. Sapieva, Zh.Zh. Karzhaubekova,
N.A. Sultanova
LIPOPHILIC COMPONENTS OF HEDYSARUM SONGORICUM BONG.

B. Imangaliyeva, B. Dossanova, B. Torsykbayeva, I. Nurlybaev, N. Sultanov
SYNTHESIS OF GLYCYRRHIZIC ACID FROM THE ROOTS OF THE PLANT
"RED LICORICE" AND THE STUDY OF CHEMICAL PROPERTIES.................... 83

L.M. Kalimoldina, S.O. Abilkasova, M.A. Kozhaisakova, Zh.R. Syrymova,

A.A. Sultanayeva

THE PROSPECT OF USING POLYMER BITUMEN TO IMPROVE THE
QUALITY AND SAFETY OF ROAD INFRASTRUCTURE........ccoceviiiiinnne 101

Zh.S. Kassymova, N.N. Berikbol, V.I. Markin, L.K. Orazzhanova, A.S. Seitkan
PRODUCTION OF SODIUM CARBOXYMETHYLCELLULOSE FROM PINE
WOOD WASTE AND INVESTIGATION OF ITS PHYSICOCHEMICAL
PROPERTIES ... oo e e e e ens 113

B.K. Kenzhalyiev, A.K. Koizhanova, T. A. Chepushtanova, A.O. Mukangaliyeva,
D.R. Magomedov

INNOVATIVE METHODS FOR PROCESSING COPPER ORES IN
KAZAKHSTAN: A COMPREHENSIVE APPROACH TO ENHANCING

THE EFFICIENCY OF VALUABLE COMPONENT EXTRACTION.................... 124

199



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

M.M. Mataev, A.M. Madiyarova, G.S. Patrin, M.R. Abdraimova,

M.A. Nurbekova

SYNTHESIS AND PHYSICO-CHEMICAL PROPERTIES OF ANEW COMPLEX
FERRITE ... ..o ettt e e 137

N. Merkhatuly, A.N. Iskanderov, S.B. Abeuova, A.N. Iskanderoyv,

S.K. Zhokizhanova, N.G. Atamkulova

INCLUSION OF AZULENE STRUCTURAL UNITS IN THE BASIS OF
CONJUGATED POLYMERS: IMPROVEMENT OF PROTON SENSITIVITY

AND FLUORESCENCE........cooiioiiieee et 147

A.N. Nefedov, A.K. Akurpekova, A.T. Taiekenova, S.A. Kurguzikova,

D.K. Beisenbaev

DETERMINATION OF AMINE CONCENTRATION BY POTENTIOMETRIC

AND CONDUCTOMETRIC TITRATION METHODS.......ccovoviiiieiieeeeeeeeee 160

M. Toktarbek, G.A. Seitimova, G.Sh. Burasheva
OPTIMISATION METHOD FOR OBTAINING A BIOLOGICALLY ACTIVE
SUBSTANCES FROM THE PLANT PETROSIMONIA BRACHIATA................... 175

ML.T. Turdiyev, B.K. Kasenov, A. Nukhuly, Zh.I. Sagintaeva, Sh.B. Kasenova,
E.E. Kuanyshbekov, M. Stoev

SYNTHESIS AND RADIOGRAPHY OF NEW ZIRCON-MANGANITES OF
LANTHANUM AND ALKALINE EARTH METALS AND CALCULATION

OF THEIR THERMODYNAMIC PROPERTIES.......c..cooiiiiiiieeceeeeeeeeeee e 186

200



Volume 3, Number 460 (2024)

MA3MYHbI

XNUMUA
K.III. AxmeroBa, b.K. Ken:xkanuen, C.B. I'lmaasimen, H.K. AxmanueBa,
JI.M. UmaHranueBa
TUTAH METAJUTYPITUACBIHAAFBI OJIEMIIK MHHOBALIMAJIAP.................... 5

O.K. Beiicentaen, .M. CmaiijioB, C.A. CakubaeBa, A.b. HUca,
A.II. Keiabipajinesa
TEXHOI'EHIK KAJIIBIKTAP HET'I3IH/IEI'T 2)KOF APbI BEPIKTI

9.C. Jlayaeroaes, K.A. Kagupoekon, C.0. Adunkacona, JI.M. Kaaumoaauna,

A . AnTbiHOeK

YPAH OH/IIPICIHEI'T KAMTAPBIM/IbI EPITIH/IIUIEPII TA3AJIAY YIIIH
VIIBTPADJIOKVIIALUAJIBIK OJJICTI KOJIAAHVY.....coiiiieieeeeeeee e 42

B.U. [Inxan6aes, A.b. luxan6aen, K.T. bayoexos, C.b. blopaii
AILIBICAM KEHIIUIHIH KJIMHKEPIH ©H/EY YIUIH SHEPT U

H.B. Kymaninaa, H.I'. I'emex:kueBa, A.O. Conuena, ’K.JK. Kap:kayoexoBa,

H.A. CyaranoBa

HEDYSARUM SONGORICUM BONG. ©CIMAITTHIH, JTJUTTODUJIBAI
KY¥PAMJIAC BOJIIKTEPL.....ooviiiiieeeeeeeeee e 68

b. Umanranuena, b. /locanoBa, b. TopcsikoaeBa, U. Hypabioaes, H. CysiTanos
“KbI3bLJI MU ©CIMIIT'THIH TAMBIPBIHAH TJTIMIIUPPU3WH KbIIIKbBIJIBIH

JL.M. Kanumoaauuna, C.O. 96in1kacoBa, M.A. Ko:kaiicakoBa, 7K.P. CeipbiMoBa,
A.9. Cyi1ranaeBa

JKOJI MHO®PAKY PbIJILIMBIHBIH, CAITACBI MEH KAVITICI3II'TH APTTBIPY
YILIH [TOJIUMEP BUTYMBIH ITAWJAJIAHY TIEPCIIEKTHUBACBHL.................. 101

/K.C. KacsimoBa, H.H. Bepik0o., B.1. Mapkun, JI.K. Opa3zxanoBa,

A.C. CeiiTkan

KAPAFAM AFAIIBIHBIH KAJIJIBIKTAPBIHAH HATPUIA
KAPBOKCUMETUWJILEJUTFOJIO3A AJTY )KOHE OHbBIH ®U3NKA-XUMUAJIBIK
KACHUETTEPIH 3BEPTTEVY....oiiiiiieeeeeeee et 113

201



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

B.K. Ken:kanuen, A.K. Koiizkanosa, T.A.YenymranoBa, A.O. Mykanrajiuena,
JI.P. MaromeioB

KA3AKCTAHJAYBI MbIC KEHAEPIH ©HJIEY/IIH MTHHOBAILIMSJIBIK
OAICTEPI: K¥HJbI KOMITIOHEHTTEPII AJTVJIbIH TUIMUIITTH
APTTBIPYFA KELIEHI KO3KAPAC.........ccoiieieeieeieee ettt 124

M.M. MaraeB, A.M. Maausipoa, I.C. Ilatpun, M.P. AgapaiimoBa,

M.A. Hyp6ekoBa

KAHA KYPIEJII ®EPPUTTIH, CUHTE3I )KOHE OU3UKA-XUMUAJIBIK
KACHETTEPL...coiiiiii et s 137

H. Mepxaryabl, A.H. Uckannepos, C.b. AbeyoBa, A.H. Uckanaepos,

C.K. Koku:kanoa, H.I'. AtamkyJioBa

KOCAPJIAHFAH ITOJIMMEPJIEPIIH HEI'T3IHE A3VJIEH/IK
K¥PBUJIBIMABIK BIPJIIKTEPAI KOCY: IIPOTOHFA CE3IMTAJIJIBIK

[NEH ®JIYOPECHEHIUAHDBI XKAKCAPTVY. ..o 147

A.H. Hedenos, A.K. Axypnekosa, A.T. TaiiekenoBa, C.A. Kypry3ukosa,

JI.K. BeiicentaeB

[NOTEHIMOMETPUAJIBIK )KOHE KOHAYKTOMETPUSIJIBIK TUTPJIEY
OAICTEPIMEH AMUWH KOHIUEHTPALIMACBIH AHBIKTAY.....cocoviiiiiiiiiienee. 160

M. Tokrapbek, I'A. CeiiTumona, I'.111. Bypamena
PETROSIMONIA BRACHIATA ©CIMAIT'THEH BUOJIOT' SJIBbIK BEJICEH/I
3ATTAPIBI AJTY OJIICTH OHTAMITAHBIPY. .......ooovivreeieeeeeeeeeeeeseeeves s 175

M.T. Typaues, b.K. Kacenos, A. Hyxyjbl, 7K.H. CarsinTaeBa, l11.b. Kacenosa,
E.E. Kyanbimoekos, M. Ctoes

KAHA JTAHTAH XOHE CUITUII->)KEP METAJIJAPBI LIUPKOH
MAHTAHUTTEPIHIH CUHTE3I MEH PEHTTEHOI' PA®USIChI )KOHE
OJIAPIbIH TEPMOAMHAMMUKAIJIBIK KACHUETTEPIH ECEIITEV................... 186

202



Volume 3, Number 460 (2024)

COLEPKAHUE

XNUMMU
K.III. AxmeroBa, b.K. Ken:kanuen, C.B. I'lmaasimen, H.K. AxmanueBa,
JI.M. UmaHranueBa
MWPOBBIE MTHHOBAIIMN DKCTPAKTUBHOUN METAJUTYPTUU
THUITAHA .« et e e e e e e e e e e e e e e areeeeeeeeeeeeenaaes 5

O.K. beiicen6aes, b.M. CmaiisiioB, C.A. CakubaeBa, A.b. Uca, A.III.
Ksiabipanuesa

MOJIYYEHUE U NCCJIEJOBAHUE BHICOKOITPOYHbIX
CTPYKTYPUPOBAHHBIX VIOBPEHNIT HA OCHOBE TEXHOI'EHHbBIX

A.C. layaer6aeB, K.A. Kanupoekos, C.O. Abunkacona, JI.M. KaaumosauHa,

A . AnTbiHOeK

INPUMEHEHUE METOJA YJIBTPAGJIOKVYJIALIMN AJ151 OUMCTKU
OBOPOTHBIX PACTBOPOB B YPAHO/IOBLIBAIOIINX
TTPOMBIHIITEHHOCTSIX . .....c.viiiiiciiieiiieiteieesiee st ete ettt sive v essaeseessaesssessseennes 42

B.U. Inxan6aes, A.b. luxan6aes, K.T. bayoexos, C.b. blopaii
CO3OAHUE DHEPTOODDOEKTUBHOI'O AT'PETATA JIJIS IIEPEPABOTKU
KJIMHKEPA PYIHUKA «AUMCAI.........oviiiiiiii e 53

H.b. Kymaguabaa, H.I. I'emen:kueBa, A.O. Canuena, 7K.7K. Kap:xayoexoBa,
H.A. CyaTanoBa
JIUTIO®UJIBHBIE KOMITOHEHTBI TPABBI HEDYSARUM SONGORICUM

b. Umanranuesa, b. /locanoBa, b. TopcsikoaeBa, . Hypabioaes, H. Cyaranon
CHUHTES3 IVIULIMPPU3MHOBOM KUCJIOTHI U3 KOPHEM PACTEHUS
«KPACHAS COJIOAKA» 1 UBYUEHUE XUMHNYECKUX

(61510 (01 1 = F OO SO PP P PR POPPPRPRRRPPPRE &

JI.M. Kanumoaauuna, C.O. Aduikacoa, M.A. KoxkaiicakoBa, 7K.P. CbipbiMOBa,
A.A. CyaranaeBa

MEPCIHEKTUBA IIPUMEHEHU S ITOJIUMEPHOI'O BUTYMA 1JIA
[TOBBILIEHNS KAUECTBA U BESOITACHOCTU JOPOXHOM
MHOPACTPYKTYPBL....oooiieiiiiece ettt et st esv e 101

203



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

K.C. KacsimoBa, H.H. bepuko6oa, B.U. Mapkun, JI.LK. Opa3:xanoBa,

A.C. CeiiTkan

[IOJIYUEHUE HATPUM KAPBOKCUMETUJILIEJIJTFOJIO3bI M3 OTXO/I0B
JAPEBECHHbBI COCHbBI U U3YYEHUE EE ®U3NKO-XUMNYECKNUX
CBOMCTB.....oucieumiienrieeseisee s ess st 113

B.K. Ken:kannen, A.K. KoiizkanoBa, T.A.YenymranoBa, A.Q. Mykanraiuesa,
JI.P. MaromeioB

MHHOBAILIMOHHBIE METO/IbI IIEPEPABOTKI ME/IHBIX PY]]

B KA3AXCTAHE: KOMIIJIEKCHBIN ITOAXO/I K [TOBBIIIEHNIO
DODEKTUBHOCTU U3BJIEHEHU A IEHHBIX

KOMIIOHEHTOB. ... e e 124

M.M. MaraeB, A.M. Manusipoa, I.C. Ilatpun, M.P. AgapaiimoBa,

M.A. Hyp6ekoBa

CHUHTE3 1 ®U3UKO-XUMUYECKHE CBOMCTBA HOBOI'O CJIOXKHOI'O
DEPPUITA ..ottt sttt st 137

H. Mepxaryabl, A.H. Uckannepos, C.b. A6eyoBa, A.H. Uckanaepos,

C.K. Koku:kanona, H.I'. AtamkyJioBa

BKIIFOYEHUE A3VYJIEHOBBIX CTPYKTYPHBIX EAMHUIL B OCHOBY
COITPSDKEHHBIX ITOJIMMEPOB: YJIVUILIEHUE ITPOTOHHOM
UYBCTBUTEJIBHOCTU 1 ®IIYOPECHEHIUMU. ..., 147

A.H. Hegenos, A.K. Axypnekosa, A.T. TaiiekenoBa, C.A. Kypry3ukosa,

JI.K. BeiicentaeB

OINPEJEJIEHME KOHUEHTPALIU AMMHOB METOIAMU
HNOTEHIHMOMETPUYECKOI'O 1 KOHAYKTOMETPUYECKOI'O
TUTPOBAHUSL. ..ottt e e e 160

M. TokTapbek, I.A. CeiiTumoBa, I'.11l. Bypamesa
CIIOCOBbB OIITUMU3AILINUN I[TOJIYUEHM A BUOJIOTMYECKN AKTUBHbBIX
BEILIECTB U3 PACTEHUS PETROSIMONIA BRACHIATA........ccccooiieiieienen. 175

M.T. Typaues, b.K. Kacenos, A. Hyxyasl, 7K.A. Carunraesa, l11.b. Kacenosa,
E.E. Kyanbimoéexos, M. Ctoes

CUHTE3 U PEHTTEHOT PA® U HOBBIX HIMPKOHO-MAHIAHUTOB
JJIAHTAHA 1 LIEJIOYHO3EMEJIbHBIX METAJIJIOB

U PACUET X TEPMOJUHAMUYECKUX CBOUCTB............ccoovvnn..... 186

204



Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication see http://
www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan
implies that the described work has not been published previously (except in the form of an abstract or
as part of a published lecture or academic thesis or as an electronic preprint, see http://www.elsevier.
com/postingpolicy), that it is not under consideration for publication elsewhere, that its publication
is approved by all authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or in
any other language, including electronically without the written consent of the copyright-holder. In
particular, translations into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent
data, incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences
of the Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics
(COPE), and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct (http://
publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked by
the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be
chosen in such a way that there is no conflict of interests with respect to the research, the authors and/
or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will
only accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic
of Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will
monitor and safeguard publishing ethics.

IpaBuna ohopmiIeHUS CTATBU ISt MYOIMKAIUMH B )KypHAJIC CMOTPETh Ha caiiTax:
www:nauka-nanrk.kz
http://chemistry-technology.kz/index.php/en/arhiv
ISSN 2518-1491 (Online), ISSN 2224-5286 (Print)

Jupexrop otaena nuznanus HayuHbix xkypHasoB HAH PK 4. bomanxwvizer
Penaxropst: /J.C. Anenos, XK 1. Ooen
Bepctka Ha komnbrotepe 1/]. JKaovipanosoi

[Moxnucano B nevars 30.09.2024.
®opmar 60x88'/,. Bymara odcernas. Ileuars — pusorpag.
13,0 1. Tupax 300. 3akas 3.

Hayuonanvnas akademus nayk PK
050010, Anmamu, yn. [lleguenxo, 28, m. 272-13-19





