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Abstract. Every country tries to be independent in everything, first of all it is
necessary to have a high level of use of own energy resources. Due to the energy crisis,
the transition from traditional energy sources to the integrated implementation of
alternatives is relevant.

The purpose of the study is complex processing of peat for fuel and extraction of
humic substances for fertilizer production.

Studies of extraction of humic substances were performed on a laboratory stand El-
10, which reproduces the work of a pulsating dispersant with an active diaphragm. The
classical technology of extraction of humic substances using chemical methods is based on
high temperatures of the mixture, which requires high energy consumption. It was
proposed mode of extracting humic component developed by the standard rules, but
changes in temperature and duration of extraction processing in an alkaline solution
cavitation device. The use of cavitation in the technology of obtaining humic preparations
makes it possible to achieve their high physiological activity, high yield of water-soluble
organic substances. Briquetting was used to increase the energy density of solid fuel.

Based on the research, the technology of obtaining humic fertilizers from peat was
developed. The developed technology allows to be integrated into the existing production
of the peat briquette plant and will allow to extract as much as possible humic substances
from peat with essential reduction of temperature and extraction time with the subsequent
application of liquid fraction as fertilizer.
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Introduction. Humic acids are the most important component of soil humus. The
greater their content, the more fertile the soil. However, in the natural state, humic acids
are insoluble in water and inaccessible to plants. They become available only after indirect

action — soil mineralization, when they are reborn into simple mineral compounds. The use
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of humic substances in the agricultural sector provides an increase in yield by 25 — 40%,
three times accelerates the recovery of the humus layer of soils.

Due to increasing demand for humic preparations necessary to organize their
industrial production on a large scale. This will allow the faster introduction of humic
acids and other drugs based on them in industry and agriculture.

Analysis of recent researches and publications. Existing technological schemes
have a number of serious shortcomings, namely: 1) the periodicity of the process and as a
consequence the cumbersomeness of the hardware design, the difficulty of automation,
low productivity of installations and high operating costs; 2) high heat consumption; 3)
large product losses and low extraction factor of humic acids, 4) large waste solids after
extraction of humic fertilizers.

Of course, if we ask the question of industrial production at the present level, we can
only talk about a continuous process.The main difficulty in developing a continuous
technology for producing humates or humic acids is the extreme duration of the process
due to the low rates of diffusion of the active part of the alkaline reagent into solid
particles and the formation of humates from solids into solution, as well as the very
specificity of humic acids as high molecular weight organic acids with colloidal
properties. In addition, the separation of unreacted raw materials from the humate solution
is difficult, as crushed peat is particularly swollen and partially peptized in alkaline
solution, forming a fairly stable suspension, which is very slow to settle, and it is almost
impossible to filter.

Great difficulties also arise in the process of filtration and drying of humic acids.
Hence the need to find ways to intensify the process as a whole and especially its first
stage — the extraction of humic acids from raw materials in the form of soluble humates.

The purpose of the study — complex processing of peat for fuel and extraction of
humic substances for fertilizer production.

Materials and methods. At the Institute of Engineering Thermophysics NAS of
Ukraine based on the principle of discrete-pulse energy input (DPEI) and successfully
used in various industries efficient technologies mixing, dispersion and extraction with

different types of jet pulsation devices. Pulsation dispersants with an active diaphragm are
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used to carry out extraction processes from plant raw materials, which, due to the creation
of a powerful cavitation effect on the dispersed phase, provide intensive separation of
bioactive extractives into the volume of the solvent [1].

The experiments were performed on a laboratory stand EI-10, which reproduces the
work of a pulsating dispersant with an active diaphragm in the modes of dispersion and
extraction (pulse extractor with a single load of 10 1) is designed to study the kinetics of
hydrodynamics and heat and mass transfer in homogenization, mixing and extraction
operations in the treatment of aqueous mixtures of lowland peat in order to extract
biologically active humic substances [2].

The classical technology of extraction of humic substances using chemical methods is
based on high temperatures of the mixture of 120-130 °C, which requires high electricity
consumption. The mode of extraction of the humus component according to the developed
standard regulations was proposed, but by changing the extraction temperature by 20 °C,
60 °C and the duration of treatment with alkaline solution in the cavitation apparatus for
20 min, 40 min and 60 min. The studies were performed on milling and dry peat [1].

Results and discussion. Humic substances were determined by a method adapted to
our conditions [1]. Before determining the humic component, a sample of peat was
prepared, and humic acid was extracted from the sample with an appropriate concentration
of alkali, followed by neutralization with acid solution. After neutralization, humic acids
precipitated, the solution was filtered, dried and the total amount of humic substances was
determined.

Figure 1 presents the results of the effect of extraction time on the yield of the humus
component at a hydromodule of 1:15 with an alkali concentration of 1%. The figure shows
that with increasing extraction time to 20 min, both milling and dry peat increases the
yield of the humus component. After 20 minutes of treatment, there is no intensification of
extraction. The maximum yield of humic substances at the duration of extraction is 20
minutes. This dependence at the corresponding modes is observed both in dry and in
milling peat. The duration of treatment in the range of 40-60 minutes leads to partial

destruction of organic matter and reduced yield of humic substances. Therefore, the
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treatment of peat with an alkaline solution with a given concentration should be carried out
for 20 minutes.
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Fig. 1. The effect of extraction time on the yield of the humus component at a
hydraulic module of 1:15 with an alkali concentration of 1%b:
1 — milling peat at a temperature of 20 °C; 2 — milling peat at a temperature of 60 °C;

3 —"dry" peat at a temperature of 20 °C; 4 — "dry" peat at a temperature of 60 °C

In the solid residue, humic substances are better determined experimentally at a
treatment duration of 60 min, but they do not pass into solution. This indicates that the
alkali affects the release of humic substances, but this concentration is not enough for their
transition to a solution from the solid phase. These changes occur only in milling peat, and
on dry peat had an alkali concentration of 1% had no effect at all.

Based on preliminary data, studies on the extraction of humic substances were
performed with a change in alkali concentration. Figure 2 presents the results of the study
of the effect of alkali concentration on the yield of the humus component in the solution.
With a change in the concentration of alkali solution of 1%, 3% and 5%, the extraction of
humic substances intensifies 1.2 times compared to 1%. In dry peat this process is more
intense than in milling peat. The concentration of alkali in the extraction of humic

substances 3% and 5% differ insignificantly. But with increasing concentrations to 5%,
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more sodium hydroxide is required, which changes the pH of the medium and increases
the cost of production. Therefore, it is advisable when extracting humic substances,

depending on the purpose of use, to extract the humic component from 1 to 3% alkali [3].
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Fig. 2. The effect of alkaline solution concentration on the yield of the humus
component:

1 — milling peat at a temperature of 20 °C; 2 — "dry" peat at temperatures of 20 °C

After conducting research on traditional technology with changes in temperature,
time and alkali concentration, the optimal extraction parameters were determined. It was
also proposed to use, instead of traditional hydromechanical devices, homogenization.

A portion of dry or milled peat is loaded into the receiving tank of the device, filled
with 1% alkali in a ratio of 1:15, the total volume of the mixture is 10 liters. During
homogenization, the solid dispersed phase is destroyed, humic substances are removed
from the peat, and the components of the mixture are mixed. The mixture was treated for
20 min at 60 °C and 1% alkali solution. These parameters were taken on the basis of
previous studies. Samples of extracts of humic substances obtained by the traditional

method were also taken for comparison. The research results are presented in Fig. 3.
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Fig. 3. Influence of mechano - heat treatment of peat on the yield of humus
component:
1 —"dry" peat at a temperature of 20 °C; 2 — "dry" peat at a temperature of 60 °C;
3 — milling peat at a temperature of 20 °C; 4 — milling peat at a temperature of 60 °C; 5 —

control sample at a temperature of 133 °C

As can be seen from Figure 3, the lowest yields of humic substances at an extraction
temperature of 20 °C, in dry peat extraction is more intense. For comparison, the control
sample obtained by traditional extraction technology at a temperature of 133 ° C was
examined.

One of the factors that intensify this process is the temperature. Heating the peat-
alkaline suspension to a temperature of 60 °C can significantly increase the rate of
formation and dissolution of humates.

Mechanical dispersion of peat in an alkaline environment can significantly intensify
the process of extraction of humic acids from peat and can be used as a basis for the
technological process in combination with subsequent heating of the finely dispersed peat-
alkaline suspension to a temperature of 60 °C. This will reduce the duration of the process
of treatment of peat with an alkaline solution to 20 — 60 minutes and extract at a lower
consumption of alkali, ie with a ratio of peat: alkaline solution equal to 1:15.

Intensification of the process of humic acid extraction by combining fine dispersion
of peat in an alkaline medium with subsequent heating of the mixture to a temperature of

60 °C with vigorous stirring provides a basis for the development of a continuous
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technological scheme for the production of humates. As a reagent used 1% solution of
KOH.

Based on the research, the technology of obtaining humic fertilizers from peat was
developed and briquetted composite fuel was developed. The developed technology allows
to be integrated into the existing production of the peat briquette plant. It involves field
drying of peat, obtaining milled peat with additional grinding and sifting. The prepared
and dried milling peat is extracted according to the presented scheme of Fig. 4.

The prepared raw material enters the extraction site where the alkali treatment of a
given concentration. After that, the mixture enters the area of the thermostat. Liquid and
solid phases are released at the treatment site. Liquid humic fertilizers are cleaned and
packaged. The solid residue after receiving fertilizers enters the area of the blanks peat

mixture (peat + solid residue after extraction) where it is obtained composite briquettes.

Raw material Extraction area

preparation |

area i ]
: Thermostat area '

i Cleaning area

The area of packing
i | the finished fertilizer

Fig. 4. Technology of complex processing of peat into humic fertilizers

The disadvantage of both raw peat and vegetable raw materials when using them as
fuel is low energy density. Even with a sufficiently high heat of combustion, the fuel has a
bulk density of an average of 200 — 300 kg/m® and requires briquetting.

Briquetting or granulation increases the bulk density to 850 — 950 kg/m°.
Accordingly, the energy density increases by 3 - 4 times and the impact of transport costs
on price formation decreases. Fuel from the local category is transferred to the level of

fuels that can be transported within Ukraine, competing with traditional [4].
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Conclusions and perspectives. The use of humic substances in the agricultural
sector provides an increase in yield by 25 — 40%, three times accelerates the recovery of
the humus layer of soils. The developed technology will allow to remove as much as
possible humic and humic substances from peat with a significant reduction in temperature
and extraction time with the subsequent use of the liquid fraction as fertilizer, and the solid
residue - after extraction to produce cheap fuel. Compared to other types of composite
biofuels, the resulting composite biofuel contains significantly less sulfur and ash. When
burned, it emits almost no toxic substances and, accordingly, does not pollute the

environment.

References

1. Petrova, Zh. O. (2016). Doslidzhennia rezhymiv ekstrahuvannia humusovykh ta
huminovykh rechovyn [Research of extraction modes of humic and humic substances].
Scientific works, 47(2), 190-194.

2. Chaika, O.l., Hozhenko, L.P., Ivanytskyi, H.K., Korinchuk, D.M. (2012).
Intensyfikatsiia protsesu dysperhuvannia nyzynnoho torfu iz zastosuvanniam pulsatsiinoho
dysperhatora [Intensification of the process of dispersing lowland peat with the use of
pulsating dispersant.]. Industrial heating technology, 35(5), 22-28.

3. Petrova, Zh., Vyshnevskyi, V., Novikova, Yu (2019). Nonwaste technology of
receipt of humic fertilizers from peat. Proceedings of the 2nd International Scientific
Conference. Chemical Technology and Engineering. Lviv (Ukraine), 278-279.

4. Korinchuk, D. M. (2012). Optymizatsiia parametriv vyhotovlennia
kompozytsiinoho biopalyva z vykorystanniam torfu yak viazhuchoho [Optimization of
composite biofuel production parameters using peat as a binder]. Industrial heating
technology, 34(3), 73-77.

CnycoKk BUKOPHCTAHMX JKepeJI

1. Ilerposa XK. O. JlochipKeHHS] peKUMIB €KCTparyBaHHS T'yMYCOBUX Ta TYMIHOBUX
pedoBuH. Haykosi npaiii OHAXT. 2016. Ne 47. Tom 2. C. 190-194,

2. Yaiika O. 1., I'oxxenko JI. I1., IBanunpkwmii I'. K., Kopinuyk JI. M. [aTencudikarris
MpolLecy JUCIEPryBaHHS HU3ZMHHOTO TOopdy 13 3aCTOCYBaHHAM MYJbCaLIMHOIO
nucnepraropa. [Ipomeimiennas Terrorexauka. 2012, T. 35. Ne 5. C. 22-28.

3. Zh. Petrova, V. Vyshnevskyi, Yu. Novikova. Nonwaste Technology of Receipt of
Humic Fertilizers from Peat. Chemical Technology and Engineering: Materials of the 2nd
International Scientific Conference (Ukraine, Lviv, June 24-28th, 2019). Lviv: Lviv
Polytechnic National University, 2019. Pp. 278-279.

4. Kopiauyk J[. M. OnTuMizariisi mapaMeTpiB BUTOTOBJICHHS] KOMIIO3UIIIHHOTO OlomainBa 3
BUKOpPUCTAaHHAM TOp(y sik B'soxkydoro. [Ipomeimuiennas termmorexuuka. 2012, T. 34, Ne 3.
C. 73-117.

39



"Enepzemuka i asmomamuxa'’, Ne5, 2020 p.

TEXHOJIOTISI KOMIIJIEKCHOI TEPEPOEKH TOP®Y
1O. @. Cuerxckin, K. O. Illempoesa, IO. I1. Hogikoea, A. 1. Ilempoe

AHoTauis. Kooicna xpaina mamacaemocsi Oymu He3AN€HCHOIO ) 6CbOMY, 8 NepuLy
yepay 07151 Yb020 NOMPIOHO MAMU BUCOKUL PIBEHb GUKOPUCTANHS 8ACHUX €HEPeMUYHUX
pecypcis. 'V 36°a3Kky 3 enepeemuunolo Kpu3ow akmyaibHuM € nepexio 8i0 mpaouyitHux
oorcepen enepaii 00 KOMNAEKCHO20 NPOBAOICEHHS ANbMEPHAMUBHUX.

Mema Odocnioxcenns KomnieKcHa nepepobka mop@dy Ha naiueo ma eKcmpacy8aHus
2YMIHOBUX PeUOBUH HA BUPOOHUYMBO 00OPUS.

Locnioocenns excmpacy8anHs 2yMIHOBUX PEYOBUH NPOBOOUNU HA 1AOOPAMOPHOMY
cmenoi EI-10, wo esiomeopioe pobomy nyrvbcayitinoco oucnepeamopa 3 aKmMueHo
diagpaemoro.  Knacuuna  mexHonocisi — eKcmpazcy8amHs — 2YyMYCO8UX  DPEUOBUH I3
BUKOPUCTNAHHAM XIMIUHUX Memo0i8 OA3YEMbCS HA BUCOKUX MEMNepamypax Cymiuti, wo
BUMA2AE BeNUKUX sumpam efekmpoenepeii. bye 3anpononosanuti pesxxcum ekcmpazysamnms
2YMYC080i CKNa0do8oi 3a po3poOAeHUM CMAHOAPMHUM pe2laMeHmoM, dale 3MIiHO0
memnepamypu eKCmpaz2y8aHHs ma MpUueanicmio 00OpOOKU JIYIHCHUM DPO3YUHOM 8
KagimayituHomy anapami. Bukopucmannsn kagimayii 8 mexHoi02isax OmpuUmManHs 2yMIHOBUX
npenapamisé 0a€ MONCIUBICMb OOCACHEeHHs IX BUCOKOI (Di3i0N102IYHOI aKmMueHoCmi,
BENIUKO20 BUX0OY B00OPOIYUHHUX OP2AHIYHUX pedosuH. [ 30inbuieH s eHepeouiibHOCI
meepoo2o naIuea BUKOPUCMAHO OPUKEmMYSaHHs.

Ha ocnosei nposedenux oocnioxcenv Oyna po3pobiieHa MmexHoN02is OMPUMAHHS
2YMIHOBUX 000pus 3 mopgy. Po3pobiiena mexnonozisi 00360J5€ iHMe2py8amucs 8 iCHyroue
BUPOOHUYMBO MOPhOoOpUKemHo20 3a800y Ma O0036801UMb MAKCUMAIbLHO GUMA2YEAMU
2YMIHO8I peuosutl 3 mop@y 3 iCmomHUM 3MEHUEHHAM MeMnepamypu i 4acy ekCmpaxkyii' 3
nOOANbLUUM 3ACMOCYBAHHAM PIOKOL (hpaxyii 6 skocmi 00bpusa.

Kuro4oBi ciioBa: mopgh, cymamu, ooopusa, nanueo, ekcmpaxuis

TEXHOJIOTHSI KOMIIJIEKCHOM MEPEPABOTKH TOP®A
10. ®. Cuesickun, K. A. Illempoea, I0. IlI. Hosukosa, A. H. Ilempoes

AnHoTauus. Kadxcoas cmpana nvimaemcsi 6bimb HE3A8UCUMOU 80 BCeM, 8 NEPEYIO
ouepedv OJisk 9MO20 HYICHO UMEMb 6bICOKULL YPOBEHb UCNOIb308AHUSL COOCMBEHHbIX
9Hepeemu4ecKux pecypcos. B ceszu ¢ snepeemuueckum KpU3UCOM aKmyaibHbIM S6Isencs
nepexoo om MpAOUYUOHHLIX UCMOYHUKOE OSHEpeUuu K KOMNJIEKCHOMY 6HEeOPEHUIO
ATbIMEPHATNUBHBIX.

Lenv uccnedosanuss — KoMnieKCHas nepepabomrka mop@a Ha MonauUeo U U361e4eHusl
2YMUHOBBIX 8eujeCma Ha NPOU3800CMBE0 YOOOPeHUII.

Hccnedosanue uzsneuenus 2yMuHOB8bIX Gewyecme NpoBOOUIU HA J1AOOPAMOPHOM
cmenoe DU-10, xomopwlii 80cnpouzeo0um pabomy nyIbCAyuoOHHO20 OUCNEP2amopa ¢
axmusHou ouaghpaemoii. Knaccuueckas mexnonoeus uzeieueHusi cymycogblx 8eujecms ¢
UCNONb308AHUEM XUMUYECKUX MEmO0008 DA3UPYemcsi HA 8bICOKUX MeMNnepamypax cmecu,
mpebyem Oonvwux 3ampam 3jieKkmposHepeuu. buln npeonoscen pescum uzsneueHus
2YMYCOBOU COCMAGIsIOWel No papabomaHHoOMy CMAHOAPMHOMY De2lAMeHmy, HO C
UBMEHEHUeM MmeMNnepamypvl SKCMpacupo8aHus U npoooI’CUMerbHOCmbl0 00pabomKu
WeNOYHbIM PACMEOPOM 6 KABUMAYUOHHOM annapame. Mcnonv3zoanue Kagumayuu 6
MEXHONI02UAX NOJYUEHUSl 2YMUHOBLIX NPENnapamos 0aem 603MONCHOCHb OOCHUNICEHUS UX
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8bICOKOU  (PU3UOOSUYECKOU AKMUBHOCMU, OONbULO20  8bIX00Ad  B000PACHBOPUMbIX
opeanuyeckux eewjecms. J[na  yeenuueHnuss SHepPeONIOMHOCMU MEepO020 MONIUBA
UCNOIL3068AHO OpUKemuposanue.

Ha ocnose npogedennvix ucciredosanuii bviia pazpadomana mexHonro2us noiy4eHus
2YMUHOBbIX  yO0obpenuii u3 mopga. Paszpabomannas  mexuonoeus  no3eonsem
UHmMezpuposamsbcsi 8 cywjecmeayioujee npou3eo0cmeo mop@hoopukemuo2o 3a600a u
NO3680JUM MAKCUMATILHO U3BTIeKamb SYMUHOBblE 8eujecmsa U3 mopgha ¢ cyujecmeeHHbiM
VMeHbUeHUeM MmeMnepamypol U 6pemMeHu SKCMPAKyuu ¢ NOoCAe0yIouuUM NpUMeHeHuem
AHCUOKOU (hpakyuu 8 kawecmee Y0OOPeHUsl.

KiroueBsle ciioBa: mopgh, cymamel, yooopenus, monaueo, IKCMpaKyus
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