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Abstract. Introduction.Contaminated industrial wastewater contains carcinogenic metals that
negatively affect human health. Research in the field of purification of liquid media polluted with heavy
metals focuses on the use of efficient, accessible, inexpensive, and environmentally friendly sorbents and
sorption materials based on natural raw materials, in particular zeolite. Natural zeolites from different
deposits vary in their mineralogical composition andare characterized by less effective sorption properties
compared to synthetic sorbents. To improve the sorption characteristics, an inexpensive modifier guar
gum has been selected. The aim of the work. Modification of natural zeolite with guar gum by the
precipitation method and determination of the optimal conditions under which the highest sorption
characteristics are achieved. Results and discussion. Study of the effect of guar gum consumption on the
properties of modified zeolite showed that with an increase in the amount of modifier, the static exchange
capacity (SEC) of the cation exchanger sharply decreases. The optimal stirring time for obtaining the
modified sorbent was found to be 10 hours, at which the maximum SEC value of the cation exchanger
reaches 1398 mg-eq/g. Investigation of the effect of stirring temperature showed that in the range from
25°C to 75°C, the sorption characteristics of the composite sorbent change insignificantly. An increase in
the drying temperature to 100°C leads to an improvement in the sorption characteristics of the sorbent,
especially with respect to the sorption of cations. Conclusion. The conditions for modifying natural
zeolite with a natural polysaccharide (guar gum) by the precipitation method have been studied. Optimal
conditions for the modification process have been determined, and a new sorbent has been obtained in
which the cation exchange capacity, anion exchange capacity, overall exchange capacity, and total
sorption capacity are 15 times, 85.6 times, 9.7 times, and 77 times higher, respectively, compared to
natural zeolite.
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1. Introduction

The main sources of heavy metals are liquid wastes from the chemical,
metallurgical, oil extraction and refining, pharmaceutical, and other industries
[1,2].

At present, research in the field of purification of liquid media contaminated
with heavy metals is highly relevant, particularly using efficient, accessible,
inexpensive, and environmentally friendly sorbents and sorption materials based
on natural raw materials. Natural zeolite meets these requirements to a
considerable extent, and significant reserves of it are available in Kazakhstan. It
should be noted that natural zeolites from different deposits vary in their
mineralogical composition, as well as in the content of the main component—
clinoptilolite,which determines their sorption characteristics. Natural zeolite is
characterized by less effective sorption properties compared, for example, with
synthetic ion-exchange resins. However, this drawback is compensated by the
good responsiveness of natural zeolite to modification processes.

To improve the sorption characteristics, a suitable low-cost modifier of
natural origin—guar gumwas selected.

Guar gum is a polymeric compound classified as a polysaccharide,
containing functional hydroxyl and CH: groups, with mannose and galactose
units. It has sufficient rigidity and enhanced elasticity, is well soluble in water,
exhibits good stability, and has a tendency to form structured gels [3-7].

2. Experimental part

The experiments were carried out using natural zeolite from the Shankanai
deposit (Almaty, Kazakhstan) with the following mass composition: 1.38% K-O;
0.95% Naz0; 0.16% Fe20s; 10.81% AlOs; 2.32% CaO; 0.93% MgO; 65.28%
Si02; 18.5% loss on ignition. The main sorption properties of the zeolite are as
follows: static exchange capacity for cations — 0.997 mg-eq/g, static exchange
capacity for anions — 0.4985 mg-eq/g, total pore volume — 0.07 cm?/g.

The modification of natural zeolite was carried out as follows: natural zeolite
with a particle size of 1-1.5 mm and guar gum were added to distilled water. The
resulting mixture was stirred, after which the solid phase was separated from the
liquid phase by filtration, and the obtained solid sorbent was dried.

The sorption characteristics of the sorbent are significantly influenced by the
ratio of the initial components, mixing time, mixing temperature, drying
temperature and time, and zeolite consumption. The influence of these factors on
the modification process of natural zeolite with guar gum was studied using a
one-factor-at-a-time method.

Methods for determining the parameters of the porous structure of adsorbents
were applied. The main sorption characteristics were determined according to
standard methods [8, 9].
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3. Results and discussion

The results of studying the effect of guar gum consumption on the properties
of modified zeolite, presented in Table 1, showed that with an increase in the
amount of modifier (guar gum), the static exchange capacity (SEC) of the cation
exchanger sharply decreases.

Table 1 — Effect of guar gum consumption on the properties of modified zeolite

Experiment Consumption SEC,mg-eq/g TSC, mg- | TPV, g/cm®
number of GKam, g cation exchanger | anion exchanger | €d/g

1 0.1 25.54 10.9 60.57 0.3022

2 0.2 5.73 17.83 65.09 0.0384

3 0.3 6.87 26.52 69.43 0.3208

4 0.5 5.92 26.57 70.82 0.3594

5 0.7 4.89 30.21 66.85 0.7668

Thus, at a guar gum consumption of 0.2 g (Experiment 2), the static
exchange capacity (SEC) of the cation exchanger decreases by 4.5 times
compared to Experiment 1. The static exchange capacity of the anion exchanger
increases by 2.4-2.7 times when the amount of guar gum is increased from 0.1 to
0.7 g. Increasing the amount of guar gum from 0.1 to 0.7 g leads to a 2.5-fold
increase in its overall sorption capacity compared to the standard for guar gum.
The change in overall sorption capacity relative to the standard reaches an
extremum, with a maximum at 0.5 g of guar gum (Experiment 4).

The total pore volume (TPV) changes only slightly from Experiment 1 to 4,
increasing 2.5 times at a guar gum consumption of 0.7 g. Since the sorbent is
intended for the sorption of heavy metal cations, a guar gum concentration was
selected at which the SEC of the cation exchanger is maximized, i.e., 0.1 g.

The study of the effect of mixing time on the properties of the sorbent (Table
2) showed that increasing the mixing time affects the static exchange capacity
(SEC) of the cation and anion exchangers, the overall sorption capacity (OSC),
and the TPV.

Specifically, when the mixing time is increased from 2 to 10 hours
(Experiments 1-3), the SEC of the cation exchanger significantly increases—from
0.299 to 1.398 mg-eq/g, i.e., by 4.7 times. This indicates a more complete
activation of the sorbent due to the extended contact time of the components.
However, further increasing the mixing time to 15 hours (Experiment 4) leads to a
decrease in SEC to 1.098 mg-eq/g, which may be associated with the onset of
sorbent structure degradation or reduced accessibility of active sites.

The SEC of the anion exchanger changes only slightly, ranging from 14.569
to 15.293 mg-eqg/g. The total sorption capacity increases from 68.217 to 73.939
mg-eqg/g when the mixing time is increased up to 10 hours, after which it
decreases to 66.575 mg-eq/g at 15 hours, demonstrating an extremal behavior
with a maximum at 10 hours. The TPV varies slightly, from 0.8612 to 0.9387
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cm?/g. The highest value is observed at the shortest mixing time (Experiment 1),
after which the volume gradually decreases. Since the sorbent is primarily used
for the sorption of heavy metal cations, the optimal mixing time is 10 hours
(Experiment 3), at which the maximum SEC of the cation exchanger—1.398 mg-
eq/gis achieved.

Table 2 — Effect of mixture mixing time on the properties of modified zeolite

Experiment T mixing, h SEC,mg-eq/g TSC, mg- TPV, g/cm®
number _ _ eqlg
cation cation
exchanger exchanger
1 2 0.299 15.293 68.217 0.9387
2 5 0.469 15.054 70.389 0.9219
3 10 1.398 14.569 73.939 0.8612
4 15 1.098 14.656 66.575 0.9285

The study of the effect of mixing temperature (Table 3) on the properties of
the sorbent showed that changes in mixing temperature in the range from 25°C to
75°C have little effect on the sorption characteristics of the composite sorbent.
The SEC of the cation exchanger ranges from 11.88 to 13.94 mg-eq/g, and the
SEC of the anion exchanger from 47.43 to 50.04 mg-eq/g. The total sorption
capacity varies from 51.05 to 56.52 mg-eq/g. The total pore volume also remains
stable, ranging from 0.929 to 0.9764 cm?®/g. Considering technological simplicity
and economic feasibility, the mixing was carried out at room temperature (25°C)
in subsequent experiments and production.

Table 3 — Effect of mixture mixing temperature on the properties of modified zeolite

Experiment T of mixing, °C SEC,mg-eq/g TSC, mg- TPV, g/cm®
number cation cation eqa/g
exchanger exchanger
1 25 13.41 47.43 53.22 0.9764
2 40 12.53 50.04 51.048 0.973
3 55 13.94 47.25 56.52 0.929
4 75 11.88 48.467 54.65 0.937

The results of studying the effect of sorbent drying temperature on the
properties of modified zeolite are presented in Table 4.

The data show that the drying temperature significantly affects the sorption
properties of the composite sorbent. Increasing the drying temperature from 25°C
to 100°C leads to an increase in the static exchange capacity of the cation
exchanger from 15.87 to 18.87 mg-eq/g. The highest value is observed at 100°C
(Experiment 4), indicating a positive effect of elevated drying temperature on the
activation and structural stability of the sorbent. This may be associated with the
removal of excess moisture and stronger fixation of guar gum within the zeolite
structure.
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Table 4 — Effect of sorbent drying temperature on the properties of modified zeolite

Experiment T sorbent drying, SEC,mg-eq/g TSC, mg-eq/g TPV, glcm®
number °C cation cation
exchanger exchanger
1 25 15.87 46.92 50.07 1.4313
2 50 15.65 48.49 49.75 1.4091
3 80 16.81 48.52 42.98 1.5394
4 100 18.87 49.51 52.19 1.5804

The SEC of the anion exchanger changes only slightly, ranging from 46.92 to
49.51 mg-eq/g, showing no pronounced dependence on the drying temperature.
The total sorption capacity also increases from 50.07 to 52.19 mg-eq/g, which
corresponds with the growth in the SEC of the cation exchanger. The total pore
volume increases with higher temperature, reaching a maximum of 1.5804 cm?/g
at 100°C. This indicates the formation of a more porous material structure during
high-temperature drying.

Thus, increasing the drying temperature to 100°C improves the sorption
characteristics of the sorbent, particularly with respect to cation sorption.
Therefore, a drying temperature of 100°C can be recommended for further studies
and potential industrial applications.

Next, the effect of sorbent drying time on the sorption characteristics of the
synthesized sorbent was studied. The results (Table 5) show that varying the
drying time in the range of 0.5 to 2.5 hours has little effect on the SEC of the
cation exchanger.

Table 5 — Effect of sorbent drying time on the properties of modified zeolite

Experiment T sorbent drying , SEC,mg-eq/g TSC, mg-eq/g TPV, glcm?®
number h cation cation
exchanger exchanger
1 05 5.940 28.71 17.74 1.553
2 1 5.923 34.62 2331 1.543
3 1.5 5.917 30.78 18.52 1.721
4 25 5.952 32.64 24.05 1.694

The values of the SEC for the cation exchanger vary within a very narrow
range, from 5.917 to 5.952 mg-eq/g, indicating the stability of cation-exchange
properties with changes in drying time.

The SEC of the anion exchanger shows more pronounced fluctuations,
ranging from 28.71 to 34.62 mg-eq/g, with the maximum observed after 1 hour of
drying (Experiment 2). However, after 1.5-2.5 hours, a slight decrease is
observed, which may be related to partial loss of active surface area or changes in
the structure of the polymer component. The TSC varies from 17.74 to 24.05 mg-
eqg/g, reaching a maximum after 2.5 hours (Experiment 4), indicating a slight
increase in sorbent efficiency with longer drying. TheTPV ranges from 1.543 to
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1.721 cm®/g and does not show a consistent dependence on drying time, with the
highest value observed at 1.5 hours (Experiment 3), followed by a slight decrease.

Thus, drying time in the range of 0.5-2.5 hours does not significantly affect
the cation-exchange properties, although a slight improvement in TSC is observed
at longer drying times up to 2.5 hours. Nevertheless, for practical applications,
considering energy consumption and the minimal difference in results, the
minimum drying time of 0.5 hours is recommended.

The optimal conditions for the modification process have been determined as
follows: volume of distilled water for preparing the guar gum solution — 200 mL;
guar gum consumption — 0.1 g; natural zeolite consumption — 10 g; mixing time
of zeolite with guar gum — 10 hours; mixing temperature — 25°C; drying
temperature of the sorbent — 50°C; drying time — 2.5 hours.

As shown in Table 6, compared to natural zeolite, the modified zeolite
exhibits some changes in total pore volume, iodine sorption capacity (E), and
cation exchange capacity (SEC).

Table 6 — Main properties of modified and natural zeolites

TPV, glcm® TSC, glcm?® SECecatexc,mg-eq/g SECanexc,mg-eq/g
Modified zeolite

1.814 | 35.44 | 14.896 | 42.658
Natural zeolite

0.0235 | 3.67 | 0.997 | 0.4985

TheTPV and the SEC of the anion exchanger increase by 1.14 and 1.12
times, respectively. The improvement in the sorption properties of the modified
zeolite is expected to enhance its sorption capacity for heavy metal cations as
well.

4. Conclusion

The conditions for modifying natural zeolite with a natural polysaccharide
(guar gum) using the precipitation method have been studied. The optimal
synthesis conditions for the new sorbent, corresponding to high sorption
characteristics, have been determined. A new sorbent has been obtained, in which
the cation exchange capacity, anion exchange capacity, overall sorption capacity
(TSC), and total pore volume (TPV) are 15, 85.6, 9.7, and 77 times higher,
respectively, compared to natural zeolite.
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MOJUPUKALUATAHFAH HEOJIUMTTIH COPBLIUSAJIBIK
CHUIIATTAMAJIAPBIH 3EPTTEY

Cynmanoaeea I'11l., Kaitninoaesa P.A., Yepuakosa P.M., Kycinoexoe O.7K.
O.b. bexmypos amuvinoazel Xumus ulieimoapel uncmumymul, Aaimamol, Kasaxcman

Tyiiinaeme. Kipicne. Jlacranran ©HEPKOCINTIK aFbIHIbI CyJlap/a ajlaM JICHCAYJIbIFbIHA Kepi dcepeTeTiH
KaHIeporeni Merangap 6ap. Twimpmi, KODKETIMIi, ap3aH KOHE DKOJOTHMSIBIK Ta3a COpPOCHTIEP MEH
TaOWFM MIMKi3aTKa, aram aWTKaHIa I[EOJMT KEHETI3ICIreH COPOIISUIBIK MaTepHaAapiasl Maiimanana
OTBIPBII, ayblp METAIJAPMEH JAaCTaHFaH CYHMBIK OPTaHbI Ta3apTy MNPOLECTEpl CalachbIHAAFbl 3epTTeyIep
©3eKTi OOJIBIN TaObUIaBl. Op TYpPil KEH OpBIHAAPHIHAH AJIBIHFaH TaOWUFU LEOJIUTTEP MHHEPATOTHSUIBIK
KypaMbl OOUBIHINA EpEKIICIEHEei >KOHE CHHTETHKAIbIK COPOCHTTEpP MEH CalbICTBIPFaHia THIMJLIr
TOMEH COPOIMSIIBIK KaCHeTTepiMeH cumartanaabl. COpOUMSIIBIK CHITATTAMAaTap bl KAKCcapTy YIIH ap3aH
MoaudUKaTOp — ryap maiiblpel TaHganabl. Maxcamer. TaOufu LEOIUTTI Tyap MIAWBIPHIMEH TYHABIPY
apKbUIbl MOJM(HKALMANAY JKOHE €H JKOFapbl COPOLMSUIBIK CHIATTaMalapra JKeTy VIIiH OHTaWIIbI
JKaFJaiap/iel aHblkTay. Homuoicenep sicone mankviiay I'yap maibipbl MeIepiHiH MoauduKanusIaHFaH
LIEOJUTTIH  KAacHeTTepiHe ocepiH  3epTTey  MOAMGHKATOP  MONIIEPiHIH  apTybIMEH  KaTHOH
IMACTBIPFBILTBIH ~CTaTUKAIBIK anMmacy CchldbIMABLIbIFBI (CAC) KypT TOMEHICHTIHIH KOpPCETTi.
MopudukanusianFan COpOSHTTI aly/IbIH OHTAMIbI apaiacTeipy yakbIThl (10 carar) aHBIKTANbI, KATHOH
anMacy mmaiibpeiablH KACMakcuManapr MoHi 1398 Mr-skB/r-raxeTTi. ApanacTeIpy TeMIlepaTypachIHbIH
dCepiH 3epTTey KOMIIO3UTTIK COPOCHTTIH CcopOUMsIIbIK KacuerrepiHiH 25°C-tan 75°C-ka jaedinri
JMara3oH/ia eneycis esreperiin kepcerti. Kenripy remneparypackin 100°C-ka nefiin keTepy cOpOEHTTIH
COpOLMSIIBIK KACHETTEPIH, acipece copOImsIFa KaThICThI KATHOHBIK KACUETIH XKaKcapTaabl. KopulmblHObL.
Taburu 1eonutTi TaOWFU TONMCAXapUANeH (Tyapluailblpsl) TYHIBIPY apKbUIbl MOAH(MHUKANUSIAY
miaprrapsl 3eprrengi. CopOeHTTI MoaudUKanusiay MPOLECIHIH OHTAMIBI MAPTTaphl aHBIKTAJI/bI JKOHE
KAaTHOH/BIK  LIAHBIPABIH ~ COPOLMSUIBIK  CHIMBIMABUIBIFBI, AHHOHJBIK  LIANBIPABIH  COPOLMSIIBIK
ceiibMaBLIBIFRL KoHE KKK MoHIepi Taburu 11eonuTIeH canbICThIpFanaa coiikecinme 15 ece, 85,6 ece,
9,7 ece xoHe 77 ece OFapbl )KaHa COPOCHT aJIbIH/IbI.

Tyiiin ce3mep:  TaOWUFH IEONUT, LECONMT MOAUMHUKAIMACH, TyapIIalfbIpbl, CTaTHKAIBIK aIMacy
CBHIMBIMIBLIBIFBL, JKAJIIBl KEYEK KOJIEMI, JKANIbI COPOLMSIIBIK CHIABIMIBIIBIK

Cynmanoaeea I'umalllamunkpizot Texnuxa euLibiMOapsvl KAHOUOAmbl
KaiivinoaesaPayuianOnioekKpi3nl Texnuxa evLibiMOapsl KAHOUOAmbl
YepnarxosaPaucaMuxaiinosna Texnuxa evinvimoapsl 0OKMopbl
Kycinoexoe Omipsax Kymacwinynv Texnuxa evinvimoapsl 0OKMopbl

HU3YYEHUE COPBLHIUOHHBIX XAPAKTEPUCTUK MOJJU®PULIUPOBAHHOI'O HEOJIUTA
Cynmanéaesa I.11l., Kaitvinoaesa P.A., Yepuakoea P.M.*, /Ioicycunoeros Y.7K.
AO Hucmumym xumuveckux Hayk um. A.5.bekmypoea, Aimamol, Kazaxcman

Pe3tome. Bsedenue. 3arpsi3HEHHbIE TPOM3BOJICTBEHHBIE CTOKH COJEPIKAT KOHIEPOTCHHBIC METAJLIBL,
HEraTUBHO BIIUSIOIINE Ha 370pOBbe 4desioBeka.llccrnenoBanus B 00JacTH MPOLECCOB OYHUCTKH IKUAKUX
cpej, 3arps3HEHHbIX TSDKEIBIMU METaJUIaMH, C HCHIOJIB30BaHUEM 3((EKTUBHBIX, JOCTYIHbIX, HEAOPOTUX U
9KOJIOTHYECKH UHCTBIX COPOEHTOB M COPOLMOHHBIX MAaTEpHalOB HAa OCHOBE IPUPOJHOTO ChHIPbs, B
YaCTHOCTU  IEOJNIUTASABIAIOTCS  aKTyaldbHBIMU.IIpHpOMHBIE IICOMUTHI Pa3NUYHBIX MECTOPOXKACHHI
pa3nMYalTCs MO CBOEMY MHHEPAJIOTHYECKOMY COCTaBY, XapaKTepu3yroTcsi MeHee d(deKTUBHbIMH
COpPOLIMOHHBIMM CBOWCTBAMH IO CPaBHEHHMIO C CHHTETHYECKUMH copOeHTamu. Jlnsg yiydineHus
COpOLIMOHHBIX XapaKTEPUCTHK MOJ00paH HeIOporoi MoauuKaTop - ryapoBas Kamenb. [lenv pabomoi.
Mopudukanust NPUPOJHOTO LEOJUTA TyapoBOH KaMEAbI0 METOAOM OCKACHHS W OmnpelereHHe
ONTHMAJbHBIX  YCIIOBHH, TPH KOTOPBIX JOCTHI'aeTCsi MAaKCHMAalbHO BBICOKME COpOLMOHHBIE

79



ISSN 1813-1107, elSSN 2710-1185 Ne 2, 2026

XapaKTepUCTUKU. Pezynomamst u o06cysicoenue. V3ydueHne BIMSHHE pacxoia TIyapoBOil KaMmenu Ha
CBOMCTBA MOAM(UIMPOBAHHOTO IEONUTA IIOKA3al0, YTO C YBEJIMYEHHEM pacxofa MoAuduKaTopa
crarndeckass oomenHas emkocth (COE) katnonuta pe3ko cHmxkaercs. HaiieHo onTUManbHOE Bpems
MepeMelInBaHus IPY NOoJTy4eHUH MoanunrpoBanHoro copoenta (10 4acoB), mpu KOTOPOM JAOCTUTACTCS
MakcumanpHoe 3Hauenne COE  katmonura - 1398 wmr-sks/r.M3yueHue BIMAHMS TeMIepaTypbl
nepeMeluBaHusl IoKaszano, 4ro B auanasoHe or 25°C npo 75°C copOLMOHHBIE XapaKT€PHUCTHKU
KOMIIO3UTHOTO COPOEHTa M3MEHSIOTCSI HE3HAUUTENIbHO. A MOBBIICHUE TeMiepaTypsl cyuiku go 100 °C
MPUBOJIUT K YJIYUIICHHIO COPOILMOHHBIX XapaKTEPUCTHK COpPOEHTa, OCOOCHHO B OTHOLICHHU COPOIMH
KaTUOHOB. 3axmoyenue. VI3ydeHbl ycIOBHA MOAM(UKALMY MPUPOJHOTO LEONUTA MPUPOJHBIM
HoJIcaxapujaoM (TyapoBoil KaMenblo) METOJOM ocaxieHus. OIpeneneHsl ONTHMATIbHBIC YCIOBUS
MPOBE/ICHUs Tpoliecca MOAU(UKAIMK COpOEHTa M TOJMY4eH HOBBIH COPOCHT, B KOTOPOM COpPOIMOHHAsS
€MKOCTb [0 KaTHOHUTY, copOrronHast emkocth 1o annonuty, OCE u COII B 15 pas, B 85.6 pa3, B 9.7 pa3
B H 77 pa3 GolblIe IO CPABHEHUIO C IIPUPOJTHBIM LICOJIHTOM.

KiiouyeBble cJ0Ba: NPUPOIHBIN LEONUT, MOAHGHKALHS LEOIHTa, IypoBas KaMmeldb, CTaTHYECKas
0OMEeHHasi eMKOCTb, CyMMapHbIi 00beM 1op, 0011ast COpOIHOHHAs EMKOCTh

Tuma Illamunvesna Cynmanbaesa Kanouoam mexnuueckux nayx

Paywian Anuoexoena Kaitvinoaesa Kanouoam mexunuueckux Hayx

Pauca Muxaiinosna Yepuakosa Jlokmop mexnuueckux nayk, npogeccop
Ymupsax Kymacunosuu /Ircycunoexos Axaoemux HAH PK, npogeccop,

OOKmOp MEeXHU4YeCKux HayK
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