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OBTAINING OF WATER-SOLUBLE CHELATE FORMS
OF CALCIUM AND MAGNESIUM HUMATE

Abstract: this article analyzes the method of obtaining water-soluble chelated forms of calcium and
magnesium humates for use as additives in the cultivation of agricultural crops. Humic substances, in turn, are
an environmentally friendly, as well as an affordable type of sorbents. In the near future, humic substances are
increasingly used in various sectors of agriculture. They are in the form of soluble humates, with progress
being used as stabilizers of clay mixtures, which are used in oil drilling, as well as for the production of dyes
for wood species. And very promising is the introduction of humic acids in the form of soluble humates in the
rural economy as growth stimulants.

Due to the lack of the most effective, as well as safe preparations of calcium and magnesium, in the
experiment, humic substances must be converted to a water-soluble form, which causes the scientific novelty
of this topic. In addition, water-soluble fertilizer with calcium - the introduction of effective forms of water-
soluble fertilizers is characterized by the highest phyto-availability of nutrients. In the course of our work,
humic acids were isolated from brown coals of Central Kazakhstan in the form of known water-soluble sodium
salts, which were precipitated by calcium and magnesium salts. The experiment and processing of the results
of the experiment were carried out using a set of methods of mathematical statistics, which are aimed at setting
up experiments, as well as conducting rational measurements.

Key words: calcium and magnesium humates, chelate complex, fertilizer, crop production.

Introduction. One of the problems of
modern agriculture is the lack of safe and effective
preparations of biologically available calcium and
magnesium. To correct this problem, either soluble
iron salts are used, which are ineffective in low
doses, and toxic in high doses, or synthetic chelates,
which have a negative impact on the environment
[1-8].

An environmentally friendly and affordable
type of sorbents for the implementation of the
above-mentioned process can be humic substances
— HB) - natural complexing substances. Most of the
naturally occurring CVS are in a bound form that is
poorly soluble in water, which significantly reduces
their economic value [9-13]. For the practical use of
GWthey must be converted to a water-soluble form,
the scientific novelty is to obtain water-soluble
forms of humic compounds enriched with
macronutrients [14-17].

Materials and methods.
In the course of our work, humic acids were
isolated from brown coals of Central

Kazakhstanin the form of known water-soluble
sodium salts, which were precipitated with calcium
and magnesium salts.

The production of Ca2+ and Mg2+ humates
from brown coal samples from the Kumyskuduk
deposit was carried out according to the following
method. In a 2% NaOH solution with a volume of
100 ml at a temperature of 70°C, a 10 g weight of
crushed coal was added and mixed for 30 minutes.
In this case, the humic compounds pass into a
soluble form. After that, 100 ml of 10% CaCl2 or
MgCI2 was added, and a precipitate of Ca2+ or
Mg2+ humate was formed, which was settled. The
excess water was decanted, and the resulting thick
sediment was additionally put on filtration. Due to
the fine dispersion of the sediment, part of it passes
into the filtrate, which was then sent for
centrifugation to completely isolate the resulting
humic salt.

The conversion of calcium and magnesium
humates to a water-soluble form was carried out by
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creating an alkaline medium in the presence of the
2NA-EDTA complexon.

The experiments were carried out using
mathematical planning methods. A 0.1 g weight of
Ca2+ (Mg2+) humate was taken and, in accordance
with the mathematical planning matrix, a given
volume of 2Na-EDTA (10; 20; 30 ml) with a given
concentration (0.05; 0.1; 0.15 mol/l) was added to it

[11]. Then, a 5% KOH solution was added to this
solution with a burette drop by drop until the humate
precipitate was completely dissolved.

Results and discussion. The dependence of
the KOH flow rate strongly depends on the
volume of trilon B. A uniform decrease in the
alkali flow rate is observed with an increase in
the volume of different concentrations of the

6

LN

volume KOH, ml

\\‘_’

== 2=0.05 mole 2Na-EDTA
== x2=0.1 mole 2Na-EDTA

%2=0.15 mole 2Na3-EDTA

1 2 3 4

5

Volume 2Na - EDTA, ml

Figure 1-Graph of the dependence of the volume of the HORSE
on the volume of 2Na-EDTA for calcium tires

Similarly, experiments were conducted for
magnesium humate. Based on the regression
equation, the following graph was obtained by
mathematical calculations, which shows the
dependence of the KOH consumption on the EDTA

volume. There is a uniform decrease in the
consumption of alkali with an increase in the
volume of 0.05; 0.1; 0.15 molar EDTA solution
(figure 2).

——X2=0.05 mole ZMNa-
EDTA

—l—X2=0.1 mole 2Na-
EDTA

|
10
=] \\
B \
—E. 7
‘=
==
a 5
g
=
= 4 =
=
o 3

X2=0.15 mole ZMa-
EDTA

1 2 3 4 s

The dependence of the KOH consumption
on the concentration of the complexon is also

Volume 2ZNa - EDTA, ml

Figure 2-Graph of the dependence of the volume of KOH
on the volume of 2Na-EDTA for magnesium humate

— 28 —/——

shown, it can be seen that at x1 = 1; 3; 5 ml, the
volume of the alkali decreases (Figure 3).
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Figure 3—Graph of the dependence of the KOH volume
on the concentration of 2Na-EDTA for magnesium humate

Conclusion. Thus, in the course of the The obtained water-soluble forms of humic
study, water-soluble chelated forms of Ca and Mg preparations were field tested both in the open
humates were obtained using the 2NA-EDTA ground and in the conditions of greenhouse
complexon. The regression equation describing the cultivation at Astra-Agro LLP and Toparsky
processes of dissolution of Mg and Ca humates, Greenhouses LLP. The use of these humates gave
depending on the volume and concentration, is an increase in yield by 10-15%.

obtained by mathematical processing of the result.
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KAJIBIIU MEH MATHUM T'YMATTAPBIHBIH, CYJA EPATIH
XEJIATTBIK ®OPMAJIAPBIH AJTY

AHHOTanmsA: OyJ1 MakaiaJa TakbUIIap sl ecipy Ke3iHae Kocmanap peTiHie naianany YiliH KalbIui
MEH MarHuil TyMaTTapbIHBIH CyJa CpHUTiH XenaT GopmanapblH any onici Tangananpl. ['ymMuHAI 3aTTap, €3
Ke3eTiHJIe, SKOJOTHIIBIK Ta3a, COHBIMEH KaTap COPOSHTTEPIiH KOJI KETiMAl Typi 0ombIn TaObuta bl YKaKkbiH
OoJamakra TYMUH/II 3aTTap aybUIIIapyamIbUIBIFBIHEIH SPTYPIIL cajaiapblHaa Kedipek Kommaneuianpl. Omap
epuTiH TyMaTTap TYpiHAE, MyHail YHFBIMalapblH OypreUiayJa, COHAAW-aK araml TypJepiHe apHaiFaH
OOSFBIIIITAD OHIPICIHAE Ca3 KOCHANAPBIHBIH TYPAKTaHJBIPFBIITAPB PETIHIE KOJAaHbuIaAbl. ['yMuH
KBIIIKBUIIAPBIH EPUTIH TYMaTTap TYPiHIE OCIipyAl CTUMYISTOP PETiHJE aybll MApyallbUIBIFbIHA SHTI3Y OTe
nepcreKTrBais! 00ibin TadbuTaapl. COHBIMEH KaTap, KaJbIIMHMEH Cy/a epUTIH THIHAWTKBIITAp — Cy1a €pUTIH
TBIHAUTKBIIITAPABIH THIMAI TYPJEPIH EHTi3y KOPEKTIK 3aTTapblH €H >KOFapbl (UTO-KOJN >KETIMIIIriMeH
CUIIAaTTaNla bl

Kamprmii MeH MarHuiiiH €H THiM/Ti, COHJIali-aK Kayilci3 mpernapaTrTapblHbIH 00oJMaybIHa OaliIaHbICTHI
AKCIIEPUMEHTTE TYMHH/II 3aTTap CyJa €pUTIH TYpre ayBICTHIPHUTYBI KEPEK, OYJI OCHI TAKBIPHITITHIH FHUIBIMHU
JKaHAJIBIFBIH TYIBIpaabl. bi3aiH sxymbic 6apeickiHga Opranbik KazakcTaHHBIH KOHBIP KOMIpiHEH OeNTili cya
€pUTIH HATPUH TY3Aaphl TYPIHAETI TYMUH KBIIIKbUIIAPBIHBIH OOJIHIN IIBIFYBI, OJNAPIBIH KabIIUH, MarHui
TY3IapbIMEH TYHABIPBUIYBI KOPCETUIAl. DKCIIEPUMEHT TTeH HOTHXKENIEpAl Talaay dKCIEPUMEHTTEPAl KOIOFa,
COHJal-aK YThIMIbBI OJIIEYJepi JKYpri3yre OaFbITTalfaH MAaTEMAaTUKAJBIK CTAaTHCTUKA QICTEPIHIH
KHUBIHTHIFBIH KOJIJIaHA OTBIPBII KYPTi3ijai.

TyiiiH ce3mep: KamblMi MEH MArHUUIIH TyMaTTapbl, XelaT KeMmIeHi, THIHANTKBIITAp, ©CIMIIK
IapyanbUIbIFbL.
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HOJYYEHHUE BOAOPACTBOPUMBIX XEJIATHBIX
OOPM I'VMATOB KAJIBIIUA U MAT'HUSA

AHHOTanMA: B JaHHONW HAYYHOH CTaThe aHAIU3UPYETCS CIIOCOO IMONYYEeHHUS BOIOPACTBOPUMBIX
XENaTHBIX (POPM T'yMaTOB KaJIbIUS U MarHUs JJs MCIIOJIb30BaHUS B KayecTBE JOOABOK IPHU BO3/EIBIBAHUU
CEITbCKOXO3AMCTBEHHBIX KYIbTYp. | YMUHOBBIE BEIIECTBA, B CBOIO OYEPEb, ABISTFOTCS IKOJIOTHIECKH YHACTHIM,
a TaKk)Ke IOCTYIHBIM BHJIOM COpOEHTOB. 3a OnmKaiiniee BpeMsi T'yMUHOBBIE BEIIECTBA [TOJTyJaloT Bce OOIbIee
MIPUMEHEHHUE B Pa3HBIX OTpAcisaX CeNbCKOro xo3dicTBa. OHM B BUJE PacTBOPUMBIX T'yMaTOB C MPOTpPeEccOM
yIoTpeOIsIOTC B KauecTBe CTAOMIN3aTOPOB TIIMHHUCTBIX CMECEei, KOTOpBIE MPUMEHSIOTCS Npu OypeHuH
He()TSHBIX CKBaXHWH, a TakKe I MPOW3BOACTBA KpacuUTeNs Ui JpeBecHOW mopoasl. W oueHb
MHOT'000EIIAIOIINM SIBIISIETCS BHEAPEHNE TYMHHOBBIX KHUCIIOT B BHJE PACTBOPUMBIX T'YMaTOB B A€PEBEHCKOM
XO3SIICTBE B KAYECTBE CTUMYJISTOPOB POCTA.

N3-3a oTcytcTBUs Hanboiee 3P GEeKTUBHBIX, a TAKXKe 0S30IaCHBIX MpeIapaToB Kb U MarHus B
9KCIIEPUMEHTE TYMUHOBBIE BEIIECTBA MOJDKHBI OBITh TEPEBEACHBI B BOJOPACTBOPUMYIO (opMy, dYTO
o0yciaBiHMBaeT HAy4YHYIO HOBU3HY JaHHOU TeMbl. Kpome Toro, BomopacTBopumoe yaoOpeHue ¢ KajablueM —
BHEIPEHUE ACHCTBEHHBIX (HOPM BOIOPACTBOPHMEBIX YIOOpEHWH XapaKTepH3yeTcs BbIcOUanied (HUTO
JIOCTYTHOCTHIO MTUTATEIbHBIX BemecTB. B xone Hameit paboTel u3 Oypeix yried LlenTpansHoro Kazaxcrana
ObUTM BBIJENICHB TYMHHOBBIE KUCIOTHI B BHJIE U3BECTHBIX BOJOPACTBOPHMBIX HATPHEBBIX COJIEH, KOTOpHIE
OCAXJAUCh COJSIMA KalblWsg M MarHus. OKCHOEpPUMEHT U 00paboTKa pe3ynbTaToB JKCIEPHUMEHTA
MIPOBOMJINCH C WCTIOJIB30BAaHHEM KOMILIEKCA METO/IOB MaTeMAaTHIECKONW CTaTUCTHKH, KOTOPbIe HalpaBJIeHBI
Ha TIOCTaHOBKY IKCIIEPUMEHTOB, a TAK)Ke MPOBEIEHUE PAllMOHAIBHBIX U3MEPEHUH.

KiroueBble cj10Ba: ryMaThl KaJblKs © Mardusi, XeJaTHBII KOMILIEKC, yA00pEHHs, pACTEHHEBO/ICTBO.
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