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TECHNOLOGY OF OBTAINING POLYMER-CONTAINING
MICROFERTILIZERS BASED ON COAL WASTE
FROM THE LENGER DEPOSIT

Abstract. This article provides information on the development of a technology for
the production of polymer-containing microfertilizers based on humic acid obtained by
decomposing coal waste from the Lenger deposit. Also describes the composition of coal
waste and humic acid determined with using SEM and IR spectrum. For benefication with
microelements, a solution of ammophos, boric acid, copper sulfate, potassium sulfate and
ammonium molybdenum acidic is added to the mixture obtained, as a chelating agent SAS
«GS-1».

The got polymer-containing microfertilizers are characterized by a high content of
humic substances, that participate in the structure formation of the soil, accumulation of
nourishing elements and microelements in an accessible for plants form, contribute to the
regulation of metal content in aquatic and soil ecosystems.

Keywords: polymer-containing microfertilizers, coal waste, humic acid, soil, plants,
microelements, chelating agent.

Introduction. Agriculture is one of the key sectors of the economy of
Kazakhstan. One of the most important problems of the agricultural industry is
increasing soil fertility, which directly affects the increase in crop productivity.
For the proper solution of this issue, great importance is the introduction into the
soil elements which necessary for the growth and development of plants. These
elements are introduced into the soil in the form of organic (manure, peat) and
mineral (chemical processing products of mineral raw materials) fertilizers.

Research by scientists and industrialists, as well as laboratory experiments
show that industrial waste is a sufficiently valuable secondary raw material for the
production of mineral and organic-mineral fertilizers [1].

Coal-mining waste from the Lenger deposit is a promising and valuable
source of organo-mineral raw materials and contains a wide variety of trace
elements and organic substances with fertilizing properties, and in this regard is a
valuable secondary raw material suitable for processing into humic acid [2].

As a result of coal mining in Kazakhstan, more than 6 million tons of waste
was generated, and Lenger's deposit of brown coal is located in south Kazakhstan.
According to the data, reserve its balance part is 33956 thousand tons, the off-
balance part — 3244 thousand tons [3].

The main components of brown coal waste from the Lenger deposit are
mineral and organic substances. The mineral part is represented by the constituent
components of siliceous, aluminate and calcium compounds. The organic part of
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brown coal waste is represented by functional groups of organic substances,
including humic compounds, in complex with organometallic substances.

SAS «GS-1» — obtained on the basis of gossypol resin by method saponi-
fication with the aim of isolation of fatty acids and further esterification with
isopropyl alcohol. Widely used in fertilizer manufacturing enterprises as a
polymer — chelating agent [4].

EXPERIMENTAL

To obtain a polymer-containing microfertilizer, experimental physicoche-
mical and analytical research methods were selected: electron microscopy, IR
spectroscopy, elemental analysis, etc.
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Figure 1 — IR spectrum of coal waste from the Lenger deposit

Figure 1 shows the IR spectrum of coal waste, from which it follows that:

— less intense absorption spectra 1585,5 ¢m™ characteristic for carboxyl
groups with sodium-containing groups —C-ONa;

— absorption spectra with wavelengths 1090-1020 (1033,8) cm™ characterize
the presence in coal waste silicate compounds with valence bonds Si-O-Si and Si-
O-C, as well as characteristic for oxygen-containing ether groups;

— intense fluctuations in the interval 910,4 cm™, characteristic of a phos-
phorus-containing compound and a benzene group C-O-C;

— absorption spectra in the area 794,6-752,2 cm™ characteristic of organic
thiophene groups.

Table 1 presents the elemental and mineralogical composition of coal waste.

From the analysis of table 1 it follows that in the elemental composition of
the sample waste coal Lenger deposits contains in %: Al — 3,92, Si — 8,06, Fe —
2,09, Mg - 0,30, Ti — 0,26 and etc. Such a content of elements in the composition
of brown coal is sufficient to use it as a initial raw materials for the production of
humic acids.
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Table 1 — The elemental and mineralogical composition of the coal waste from the Lenger deposit

Element Weight, % Oxides In terms of oxides, %
C 42,96 - -
e} 39,66 - -
Na 0,14 Na20 0,19
Mg 0,30 MgO 0,50
Al 3,92 Al20s 7,40
Si 8,06 SiO2 17,27
S 0,89 SO3 1,78
K 0,67 K20 0,80
Ca 1,05 CaO 1,47
Ti 0,26 TiO2 0,43
Fe 2,09 Fe203 2,98

Humates were obtained from brown coal waste from the Lenger deposit by
oxidation with a 1% KOH solution (pH medium 12,0). The oxidation process was
carried out at the temperature of the reaction mixture 80°C within 2 hours,
moreover, the mass ratio of alkali and crushed coal was 0,125+0,150:1. To obtain
humic acid, humates were precipitated with a 5% hydrochloric acid solution, then
filtered in a nutsche filter (pH the filtrate is equal 0,85).

The chemism of this process can be provided as follows:

+0OH>--CO0 +--CO0O0 +--C00 (1)
--COO0+--CO0+--CO0O+3HCI>--COO+--CO0+--CO0O+3Cl (2

In composition extracted humic acid besides organic compounds also
contains mineral substances. To determine the inorganic component, the obtained
humic acid was calcined at 500 °C. The elemental composition of the obtained
ash content was analyzed by scanning electron microscope. The research results
are shown in table 2.

Table 2 — The elemental and mineralogical composition of humic acid

Element Weight, % Oxides In terms of oxides, %

(0] 38,28 - -

C 41,80 - -

Na 0,12 Na20 0,16
Al 2,70 Al203 5,10
Si 4,28 SiO2 9,17
S 1,51 SOs 3,02
Cl 4,35 - -

K 5,40 K20 6,50
Fe 1,56 Fe 03 2,23
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From the analysis of table 2 it follows that the presence of sulfur up to 1.51%
is mandatory for all humic acids, which is confirmed in this case. The absence of
phosphorus, the content of which usually reaches to 0.5%, is explained by the fact
that coal mining wastes were the initial raw material for the production of humic
acid.

As can be seen from the data in figure 2, there are the following IR absorp-
tion spectra:

— wide bands of intense vibrations in the intervals 3400-3200 cm
(3360-3251,8 cm™*), which are respectively characteristic of carboxylic acids with
a bound — OH group and methyl, methylene groups;

— intense bands in the intervals 1643,3 cm™, which are characteristic of
organic compounds of the carbonyl group of the aromatic series C(OH)=C-CHO;

— non-intense vibrations in the intervals 1200-1300(1257,5) cm, which are
characteristic of aromatic aldehydes and an oxygen bridge is formed C-O-C;

— intense vibrations in the intervals 682,80-590,08 cm™, which are
characteristic of organic thiophene groups.
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Figure 2 — IR spectrum of humic acid

For carrying out the process of obtaining polymer-containing microfertili-
zers, including extraction from brown coals of a water-soluble fraction of humic
acids, humic acid is used as raw material, the processing of which is carried out
by mixing with a 5.0% solution SAS based on gossypol resin by saponification
method with the aim of isolating fatty acids and further esterification with
isopropyl alcohol (SAS «GS-1»). To increase the total phosphate content in the
fertilizer and concentration the finished product with microelements, the resulting
mixture is added 5% solution of ammophos and 0.5% boric acid, 0.2% copper
sulfate, 1% potassium sulfate, 0.5% ammonium molybdenum. The resulting
mixture is thermostated at a temperature of 70°C within 60 minutes. The result is
a liquid chelated fertilizer with a pH medium 7.5.
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Chemical composition of chelated polymer-containing fertilizer:
K20 - 16,27; ZnO - 1,68; Na.O — 23,6; MgO — 1,7; Al,0; — 11,3; SiO; — 2,66;
MnO - 1,20; Fe,0s — 3,75; CaO — 1,28; SOs — 10,15; P,Os — 27,8.

Conclusion. The obtained chelated polymer-containing microfertilizer based
on brown coal from the Lenger deposit with use SAS «GS-1» as a chelating
agent, it gives the necessary microelements to plants for their development.

Application solution SAS «GS-1», received fertilizer concentrated by
microelements, which necessary to increase productivity agricultural crops. In
addition, in the fertilizer SAS «GS-1» solution plays the role of a chelating agent
due to the content of carboxyl groups of fatty acids. The presence of a chelating
agent SAS «GS-1» — increases the comprehensibility microelements by plants.

Polymer-containing micronutrient fertilizers are characterized by a high
content of humic substances, which participate in the structure formation of the
soil layer located around the seeds, the accumulation of nutrients and micro-
elements in a form accessible to plants, and contribute to the regulation of the
geochemical fluxes of metals in aquatic and soil ecosystems.

The proposed technical solution allows to obtain a chelated polymer-con-
taining micronutrient fertilizer with the necessary content of total, assimilable and
water-soluble phosphates, enriched in potassium and microelements, to utilize
industrial wastes, reduce the cost and simplify the process, and minimize the
generation of industrial wastes.
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Pesome
b. M. Cwmaiinos, O. K. Beticenbaes, A. C. Tneyos, b. C. 3axupog

JIEHI'TP KOMIP KEH KAJIJIBIKTAPBI HET'T3IHAE
MMOJIMMEPK¥PAMIAC MUKPOTBIHAUTKBILI AJTY IBIH TEXHOJIOI' MSICBI

Makanaga JleHrip kemip KeH KaJlAbIFBIHAH aJIBIHATBIH TYMHH KBIIIKBUIBIHBIH
HETI31H/e >KacaJblHATHIH MOJUMEPKYPaMIaC MUKPOTBIHAMTKBIII aTyAbIH TEXHOJIOTHSACHI
KaWblHIa akmaparrap kenripinreH. COHBIMEH KaTap ajbIHFAaH KOMip KalIbBIFBIMEH MEH
TYMUH KBIIIKBUTHBIH XUMHUSUTBIK KypambiHa POM sxone UK-cmektp kemeriMeH xaca-
JIBIHFaH HOTHOKEJIEP KeNTIpiJreH. AJIbIHATBIH THIHAUTKBIIITHI O0aiibITy MaKcaThlH/a, KOCTa-
Fa aMmMoQoc epiTiHaici, 00p KBIIIKbUIbI, MBIC aHE KaJlii CyJb(aTrapbl MeH aMMOHHHIH
MOJIMOICHKBIIIKBIIBI KOCBUIAIBI 1a, ajl XeJaT Kypayllbl MOJMMEp PeTiHe OpraHuKalbIK
BA3 «I'C-1» xonaaHbIIa b

AJBIHFaH TIOJIMMEPKYPaM/1aCc MUKPOTHIHANTKBIII KYpaMblH/Ia TYMUH KbIIIKBUIBIHBIH
MeJepi KeOeHirn, TOMbIpaKTarbl KYPbUIBIMIBIK KypallyFa KaTbhICHIN, KYPaMBIHAAFbl KO-
PEKTIK 3JEMEHTTePMEH MHKPOIJICMEHTTEpHl OciMAIKTepre Oepilim, CyNbl XOHE JKep-
TOIIBIPAK AKOXKYHEET1 MeTalqapAbIH KYPaMbIH PETTEI OTHIPAIbI.

Tyiiin ce3mep: mMmoIMMEpKYpaMaac MHUKPOTHIHAWTKBIN, KOMIp KAaJIbIFbl, TYMHUH
KBIIIKBUIBI, TOTBIPAK, 6CIMAIKTEP, MUKPO3JIEMEHTTED, XEIaTKYPayIIbl.

Pe3rome
b. M. Cmaiinos, O. K. beticenbaes, A. C. Tneyos, b. C. 3axupog

TEXHOJIOI'MA TTIOJIYUYEHU S ITOJIMUMEPCOIEPXKAILIMX MUKPOY JOBPEHUI
HA OCHOBE YT'OJIBHOI'O OTXOIA U3 JIEH'EPCKOI'O MECTOPOXJIEHWA

B crarse mpuBeneHa nHGOpMAIH 0 pa3padOTKe TEXHOJIOTHH TOIYYCHUS MOIUMEp-
collepKaluX MHKpPOYAOOpCHHH Ha OCHOBE TYMHHOBOHM KHCIIOTHI, TOJIYYCHHOW IpU
Pa3J0KEHUH YTOJIBHOTO 0TX04a U3 JIeHrepckoro mectopoxacHus. Takke OMHCHIBACTCS
COCTaB yTOJIbHOTO OTXOJa M T'YMHHOBOH KHCIIOTBI, ONpeAeNIeHHbI ¢ moMouisio POM u
UK-cnexrpa. Qs oOorameHHs MHKpPO3JIEMEHTaMH B MOIYYCHHYIO CMECh HO00aBISIOT
pactBOp amMmmooca, OOpHYIO KHCIIOTY, Cyib(daTr Menu, cynbhaT KaJus 1 aMMOHHUS MOJIHO-
JIEHOBOKHCIIOTO, a B KauecTBe XenaToodpaszoBatens [TAB «I'C-1».

[onmyuyeHHBIE TOTMMEPCOAEPIKAIINE MHUKPOYIOOPEHHUS XapaKTePU3YIOTCS BBICOKHM
CONlep)KaHWEM TYMHHOBBIX BEIIECTB, KOTOpPBIE YYacCTBYIOT B CTPYKTYypoOoOpa3oBaHWHU
MTOYBBI, HAKOTUICHUH ITATATEIBHBIX JIEMEHTOB W MUKPOAJIEMEHTOB B IOCTYITHOM IS pac-
TeHU# popMe, CIIOCOOCTBYIOT PETYJIHUPOBAHUIO COJCPKAHUSA METAUIOB B BOJHBIX U IOY-
BEHHBIX SKOCHCTEMaX.

KiroueBble cJIoBa: MOJIMMEPCOACPIKAIIAE MHUKPOYJIOOPEHUS, YTrOJbHBIC OTXOJIBI,
TYMUHOBAsi KUCJIOTA, I0YBA, PACTCHHUS, MUKPOIJIEMEHTHI, XeJIaT000pa30BaTeb.
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