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Kasakcmar Pecniybriukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmeryze KabblndaHraHbiH xabapraldsi. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday wmaceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH Koramo0acmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, 4ymo Hay4Hbil xypHan «Mseecmusi HAH PK. Cepusi xumuu u mexHosnoaul» bbin
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics Ona OanbHeliweao npuHamus xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0nis uccriedosameried, asmopos, usdamerel u yupexdeHul. BknwoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHCcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY 0 XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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OBTAINING BIOCHAR FROM RICE HUSK AND STRAW

Abstract. This paper presents the results of research on obtaining biochar from agricultural plant waste such as
rice husk and straw. The selection of the optimal conditions for thermolysis, such as the duration and temperature of
the process, has been conducted. The thermolysis products are characterized for iodine adsorption activity,
cumulative water pore volume, and for bulk density. The porous structure of the obtained products has been studied
by scanning electron microscopy. Based on the results of the research conducted, it has been found that biochars
obtained from husk and straw with a thermolysis duration of 30 minutes have low iodine sorption characteristics and
water pore volumes. With an increase in the duration of thermolysis, the sorption characteristics improve, the optimal
for the husk is the thermolysis duration of 60 minutes at a temperature of 500°C, and for straw, the optimal
thermolysis duration is 60 minutes at a temperature of 300°C. The best option is biochar obtained from rice straw at a
duration of 60 minutes and a thermolysis temperature of 300°C, having an iodine adsorption activity of 54.61%, a
cumulative water pore volume of 0.941 cm®/g and a bulk density of 169.29 g/dm?. The obtained biochars from rice
husk and straw have been studied by scanning electron microscopy at 4300 and 5000 times magnification, and they
have a developed porous structure.

According to the literature, it is known that biochar can also be used as a renewable energy source. Research
has been carried out to determine the calorific value of the obtained biochars. To compare the calorific value of rice
husk, straw and the obtained biochars, their heating values have been determined on a calorimeter. The highest
heating value has a biochar obtained from husk at a duration of 60 minutes and at a thermolysis temperature of
400°C with a value of 17.520 kJ/g, the optimal for biochar obtained from straw is a duration of 60 minutes and a
thermolysis temperature of 400°C with a value of 16.451 kJ/g.

The experimental data obtained make it possible to use the obtained biochar from rice straw in the future as a
biofertilizer to improve the characteristics of soils, as well as to use biochar obtained from rice husk to produce
renewable fuel.

Key words: biochar, rice husk, rice straw, thermolysis, recycling, fertilizer, renewable fuel.

Introduction. Rice husk and straw are large-tonnage agricultural wastes that are disposed of by inci-
neration; this waste requires special attention for processing. The processing of this waste into a useful
product — biochar is especially relevant for rice-growing regions.

Biochar is a promising biofertilizer obtained from plant waste by thermolysis. The application of this
fertilizer gives many positive qualities to soils, and due to its porous structure, it allows to retain moisture,
macro- and microelements in the form necessary for plants, reduces soil salinization, prevents fertilizers
from washing out and accumulates them in their structure, helps plant roots to assimilate nutritional
substances, forwards the growth of plants, prevents aggregation of soil into lumps, prevents soil crust
formation, increases crop yield up to 40% and the soil fertilized with biochar preserves its fertility for
several decades, and in some cases for centuries.
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The world production of rice is more than 750 million tons per year, during the harvesting and
processing of rice, a large amount of waste is generated in the form of rice husk and straw, the proportion
of these waste is 20% and 50%, respectively. Currently, the abovementioned waste is not recycled and
disposed of by incineration, polluting the environment, and rice husk also contains a large amount of
silicon, when it is burned, finely dispersed silicon dioxide is formed, which in turn exposes people to a
dangerous incurable disease — silicosis.

Biochar is a new direction in science, the first scholarly works on its obtainment from organic waste
were published in the early 2000s, but basically for obtaining renewable fuels and adsorbents [1-5], the
first works on the use of biochar in agriculture as fertilizer appeared in 2006-2007 [6-10]. Research in this
direction has not been carried out by Kazakh scientists, the use of biochar in Kazakhstan is pioneering.
When sowing and growing rice, a high salinization, washout of useful soil elements, etc. is observed. We
propose the processing of rice waste into biochar and its application to improve the characteristics of soils.
The authors of the paper have a groundwork on the thermal processing of plant waste and the obtainment
of biochar and coal sorbents from them, which have high sorption characteristics [11-17].

The paper provides data that the use of biochar together with nitrogen fertilizers in rice sowing
increases the yield of rice up to 44.4% [18]. Biochar obtained from rice straw normalizes the pH of acidic
soil, reduces N>O emissions into the environment by 83% and activates mineral nitrogen [19]. The authors
have studied the nature of sorption/desorption of biourea by biochar obtained from rice husk and straw at
different pyrolysis temperatures (300, 450, 600°C), it has been found that the maximum adsorption of urea
has been shown by biochar from rice straw and husk obtained at a pyrolysis temperature of 450°C, and
these composites have the potential to enhance agricultural yield through the efficient use of nitrogen.
Also, the authors estimates that a single introduction of this biochar into the soil makes it possible to use
this soil without adding biochar for 500-750 years [20]. The paper presents a comparative analysis of the
effect of biochar obtained from sasanqua camellia seed shells and rice straw on the N,O emission of
nitrogen fertilized rice lands and their water-retaining capacity. Soil treated with biochar obtained from
rice straw reduces N,O emission by 363%, biochar from sasanqua camellia seed shells by 200%, and their
water-retaining capacity is 120% and 70%, respectively [21]. Biochar was used to clean oil-contaminated
soils in a composition with fertilizers, which in turn made it possible to reduce the bulk density, improve
air exchange, provide favorable conditions for microbial activity, thus oil-contaminated soil treated with
fertilizer without adding biochar is cleaned in 230 days, and in combination with biochar in 30 days
[22-28]. The paper provides data on the effect of biochar for six years (2009-2015) on characterization of
soil and rice crop. The soil was treated with biochar at a rate of 10 t/ha, compared to untreated soil, the
organic carbon content increased by 45%, the total available nitrogen reserve by 30%, the mass median
diameter of water resistant fillers increased by 25%, the nitrogen of microbial biomass and enzyme
activity increased by 30%, bulk density decreased, rice crop was 10% higher [29]. When the soil is treated
with biochar at doses from 4.5 to 40 t/ha, a significant decrease in the thermal conductivity of the soil is
observed, which in turn has a positive effect on the growth and development of plants [30]. There is data
on the immobilization of cadmium with biochar in the soil, thus when the soil is treated with unmodified
and KOH modified biochar at a dose of 30 g/kg, there is a decrease in the soluble fraction of cadmium by
30.3% and 27.4%, bioavailable cadmium by 32.4% and 25, 2%, respectively [31]. Research has been
carried out on the application of biochar into the soil at rates of 6-12 kg/m® in the autumn, spring and
mixed seasons and the effect on the growth and productivity of soybeans was studied, so when applying
biochar of 9 kg/m? into the soil in the spring-autumn period is favorable for growth of soybeans, the height
increases, metabolism accelerates and the diameter of the stem decreases imperceptibly [32]. There is data
on the effect of the treated soil with biochar on the growth of rice when irrigated with saline water. Three
experiments have been carried out with the application of biochar into the soil in the ratio of 33.75 t/ha,
67.5 t/ha and 101.25 t/ha, based on the research findings it has been found that the addition of biochar
reduces significantly sodium ions in water, but at the same time, sodium ions remain unchanged, such
indicators as the water status of leaves, chlorophyll content index, rice biomass increase and, accordingly,
rice crop have improved. The best indicators have been achieved at a rate of 67.5 t/ha [33]. Research has
been carried out on the effect of biochar from rice straw, cow manure and their combination modified with
ZnO nanoparticles at rates of 8 t/ha on the yield of sunflowers grown on agricultural lands irrigated for a
long time with polluted wastewater. The best indicators are in the combination of biochar rice straw: cow
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manure = 50:50, the availability of heavy metals in the soil such as Pb, Cr, Cu and Cd has decreased by
78.6%, 115.3%, 153.3% and 178.5%, respectively, compared to untreated lands. Also, decreases the
content of Pb, Cr, Cu and Cd in plants to 1.13, 5.19, 3.88 and 0.26 mg/kg of dry substance, and the
number of seeds in the head increases by 50.4% [34]. The effect of biochar obtained from walnut on the
microbial community in soils during wet and dry cycles has been also studied. It has been found that
biochar increases soil pH through moisture, stabilizes the microbial community of the soil [35].

According to the results of literature data on the processing of agricultural wastes into a useful
product and their application to improve the characteristics of soils, opens a prospect for further research
in this topical area.

Materials and methods. Thermolysis of rice husk and straw was carried out in a BR-12NFT tube
furnace (China) at a temperature of 300-500°C in the nitrogen atmosphere. The iodine adsorption activity,
cumulative water pore volume, and bulk density of the obtained products were determined by standard
methods.

To determine the iodine adsorption activity, a solution of iodine in potassium iodide at a
concentration of 0.1 mol/dm’® was added to the suspended part of the biochar and agitated in an EKROS
6300 mixer (Russia) for 15 minutes at an intensity of 100-125 vibrations per minute. Then the solution
was allowed to settle, and the required volume of solution was taken from the flask with a pipette for
further titration with a solution of 0.1 mol/dm® sodium thiosulfate, using a starch solution as an indicator,
until the blue color disappeared [36].

The cumulative water pore volume was determined by filling the pores with water from 0.5 to
104 nm by boiling coal charge in water for 15 minutes and disposal of excess water from the grain surface
by suction at a vacuum of 8 kPa and further weighing [37].

The bulk density of biochar was determined by measuring the mass of biochar occupying a certain
volume at normalized compaction [38].

The microphotography of the obtained biochars was taken on a JSM-6510LV Scanning Electron
Microscope by Jeol (Japan).

The calorific value of biochar was determined on a C2000 calorimeter by Ika-Werke (Germany).

Results and discussion. 30 g of rice husk or straw were placed in a tube furnace, and sealed, the tube
was filled with gaseous nitrogen supplied from a balloon, and the thermolysis process was carried out with
a rate of temperature elevation of 10°C per minute up to 300-500°C and kept at these temperatures for
30-60 minutes. The influence of temperature and duration of the thermolysis process on the yield and
characteristics of biochar were determined (table 1).

Table 1 — Influence of duration and temperature of thermolysis on the yield and characteristics of biochar

Raw Duration, | Temperature, | Yield of the obtained | Iodine adsorption Cumulative water Bulk density,
material min °C product, % wt activity, % pore volume, cm’/g g/dm?
300 55,54 17,78 0,373 338,52
30 400 54,52 15,24 0,367 338,14
500 35,59 10,16 0,336 295,59
Husk
300 51,75 12,70 0,386 304,51
60 400 47,10 15,17 0,392 287,21
500 40,52 19,05 0,402 266,19
300 48,82 21,59 0,978 114,70
30 400 40,74 13,97 0,957 109,37
500 34,52 11,43 0,879 98,97
Straw
300 51,04 54,61 0,941 169,29
60 400 47,82 38,10 0,762 129,67
500 41,82 22,86 0,746 110,12
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It can be seen from the table that biochars obtained from husk and straw with a thermolysis duration
of 30 minutes have low iodine sorption characteristics and water pore volumes. With an increase in the
duration of thermolysis, the sorption characteristics improve, thus the optimal for the husk is the
thermolysis duration of 60 minutes at a temperature of 500°C, and for straw, the optimal thermolysis
duration is 60 minutes at a temperature of 300°C.

The best option is biochar obtained from rice straw at T = 60 minutes and t = 300°C, having an iodine
adsorption activity of 54.61%, a cumulative water pore volume of 0.941 cm?/g and a bulk density of
169.29 g/dm’. Figure 1 shows a photograph of biochar obtained from rice straw.

-

Figure 1 — Photograph of biochar obtained from rice straw

The obtained biochars from rice husk and straw have been studied by scanning electron microscopy

at 4300 and 5000 times magnification. The microphotographs show the developed porous structure of
biochar obtained from rice husk and straw (figures 2 and 3).

The experimental data obtained make it possible to use the obtained biochar from rice straw in the
future as a biofertilizer to improve the characteristics of soils.

Figure 2 — Microphotograph of biochar obtained from rice husk
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Figure 3 — Microphotograph of biochar obtained from rice straw

As mentioned above, biochar can also be used as a renewable energy source, we have carried out
studies to determine the calorific value of the obtained biochars. To compare the calorific value of rice
husk, straw and the obtained biochars, their heating values have been determined on a calorimeter; the
data are shown in table 2.

Table 2 — Study of the calorific value of rice husk, straw and biochar obtained from them

Description Thermolysis duration, min Thermolysis temperature, °C Heating values, kJ/g
Rice husk - - 11,152
Rice straw - - 12,669

300 15,720
60 400 17,520
500 15,908
Rice husk biochar
300 10,792
30 400 17,184
500 16,257
300 14,036
60 400 16,451
500 11,900
Rice straw biochar
300 12,589
30 400 14,183
500 13,905

The highest heating value has a biochar obtained from husk at T = 60 minutes and t =400°C with a
value of 17.520 kJ/g, the optimal for biochar obtained from straw is T = 60 minutes and t =400°C with a
value of 16.451 kJ/g. The data also make it possible to use biochar to obtain fuel pellets that have higher
calorific value than rice husk and straw.

Conclusions. Thus, biochars were obtained by thermolysis of rice husk and straw at a duration of
30-60 minutes and at temperatures of 300-500°C. The optimal is biochar obtained from rice straw at
7 = 60 minutes and t = 300°C, having an iodine adsorption activity of 54.61%, a cumulative water pore
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volume of 0.941 cm’/g and a bulk density of 169.29 g/dm’. Biochar obtained from rice husk at
T = 60 minutes and t = 500°C has higher characteristics compared to other options obtained from husk
with an iodine adsorption activity of 19.05%, a cumulative water pore volume of 0.402 cm?/g and a bulk
density of 266.19 g/dm®. The calorific value of the obtained products has been studied, the most optimal is
biochar obtained from husk at T = 60 minutes and t = 400°C with a value of 17.520 kJ/g. The research
results make it possible to use the biochar obtained under optimal conditions as a biofertilizer to improve
the characteristics of soils, as well as to produce renewable fuel.

Funding: This work was carried out with the financial support of the Committee of Science of the
Ministry of Education and Science of the Republic of Kazakhstan, project no. AP05134356.
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KYPIII KAYBI3bI MEH CABAHBIHAH BUOYAP AJTY

AnHoTtanus. Kypimm Kays3pl MeH cabaHbl KONTOHHAJIB! aybUIIIAPYaIIbUTBIK, KaTABIFEI OOJIBIN CaHATA b, Ka3ipri
YaKbITTa ©pTeY apKbUIbl YTHIM3aLUsIIaHybIHA OaliIaHBICTHI OJIApAbI OHJICY )KYMBICTaphl 6Te MaHbI3Abl. TepMonu3ain
OHTAMJIBI JKaFrAaiIapblH TaH/Aay, MbICANIbI, TIPOLECTIH Y3aKThIFbl MEH TeMIleparypachl. TepMonn3 eHimaepi HOATBIH
aICOPOIMSITBIK OEICEHIUTINIMEH, Cy CaHbUIAYJIaPbIHBIH XHUBIHTHIK KOJIEMIMEH JKOHE CYChIMAJIBI THIFBI3IBIFBIMEH CHITAT-
tasaabl. CKaHepIIeHTiH JIEKTPOHABI MUKPOCKOIINS 9/IICIMEH JIbIHFaH OHIMIEPIiH KeYyeKTi KYpPbUIBIMBI 3ePTTEI/I].

JXKyprizinren 3eprrey HoTHXenepi OolibIHIIA Kaybl3 OeH cabanHaH 30 MUHYT TEPMOJIHM3 Y3aKTHIFbIH/A aJIbIHFaH
Ououap Ko OoifbIHIIA TOMEH COPOLMSIBIK KACHETTEpre ne oHe Cy OOHBbIHIIA KeyeK KOJEMiHIH TeMeH eKeHIIri
AHBIKTAIIBI. TepMONIN3 Y3aKThIFBIH apTThIPFaHia COPOIMSIBIK CHUITaTTaMalap kakcapazpl, Kypim cabaneiH 60 MuH
y3akTeiKTa JkoHEe 300°C TemmepaTypana TepMOJHM3AETCHIE, albIHFaH OHOYap OHTAMIBI OONBIN caHamaabl, Oy
JKarjaina ajgplHFaH OHIMHIH #Hoxa OoiibiHINA ancopOuMsUIbIK Oencenminiri 54,61%, cy OoiibIHIIA KEYeKTiH MXHHAK
xememi 0,941 oM’/ xome yHinai TeFBBOBIFEL 169,29 r/nm> Kypaiinel. Kypimm Kaybi3el MeH caGaHBIHAH albIHFaH
Ououapyap pacTpibl JIEKTPOHABI MUKpockonus omiciMeH 4300 »xone 5000 ece yIFalTBUIBIN 3€PTTENI, OJIAPIbIH
KOFapbl KEYEKTI KYPbUIbIMFa Ue €KEH/IIT aHBIKTAJIJIbI.

Onebu MaiMeTTepae OuMovapbl >KaHAPTHUIATHIH DHEPrHs Ke3i peTiHAE KOolJaHyra OOJIATBIHIBIFBI Oenriii.
AunpiHFaH OuMoYapiap/blH JKbLTy 067y MYMKIHAIKTEpiH aHbIKTay OOWbIHILIA 3epTTeysep Kypriziaai. Kypim kaysisbl,
ca0aHbl J)KOHE AJIBIHFaH OHMoYapilapAbIH XXbUTy 067y MYMKIHJIITIH CaJbICTBIPY YIIIH OJlapAblH kaHy Xbutysl C2000
KaJlopuMeTpze aHbIKTaibl. 60 MUH y3akThIKTa skoHe 400°C Temmeparypaja Kypill KaybI3bIH TEPMOIHU3/EY apPKbUIBI
aJIBIHFaH OMovap ’KaHy >KbUTYBIHBIH €H JKOFapbl SHEPTUsACHIHA Ue, KaHy JKbUTysl — 17,520 k/IX/T TeH, Kypimn cabaHbl
YIIiH JKOFapFBI KOPCETKIII Te aTajFaH Y3aKTHIK IIEH TeMIepaTypa OOJBIN caHallaJbl, )KaHy KbUTysl — 16,451 xJx/T
TEH,

AJBIHFaH TOXKIPHOENiK MOIIMETTep Kypiml cabaHBIHAH albIHFaH OMOYapHbl aliIaFbl yaKbITTa TOTBIPAK CHIIAT-
TaMaJIapbIH apTTHIPaThIH OMOTHIHAMTKBIII PETiHIe, all Kaybl3[aH JIbIHFaH OMOYap.bl )KaHAPTBUIATHIH OTBHIH PETiHzAe
KOJIIaHyFa MYMKIHIIIK Oepei.

Tyiiin ce3aep: OGmouap, Kypimr KaybI3bl, Kypiml cabaHbl, TEpMOJIN3, KalTa ©HICY, THIHAWTKBIII, KaHAPTHUIATHIH
OTBIH.
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HOJIYYEHUE BUOYAPA U3 PUCOBOM IIEJYXHU U COJIOMBI

AHHoTanus. B paboTe mpeacTaBieHsl pe3yabTaThl UCCIASIOBAHUN TI0 TONMYYEHUIO Onovyapa u3 OTXOIIOB CElb-
CKOXO3SIIICTBEHHBIX PACTEHHH, TaKMX KaK pUCOBas Imenyxa U comoma. [IpoBeneH BBIOOpP ONTHMANBHBIX YCIOBHIL
TEPMOJIN3a, TAKUX KaK IPOAOLKMTEIBHOCTh U TeMIleparypa mpoiecca. IIpoayKTel TepMoiin3a XapaKTEpU3YHOTCA
a/ICOPOIIIOHHON aKTUBHOCTBIO HOJa, KyMYJISITUBHBIM OOBEMOM IOp BOJBI M HACBHIMHOW IUIOTHOCTBIO. MeTonom
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CKAHUPYIOIIEH 3JEKTPOHHOM MMKPOCKOIIMHM MCCIIEOBaHA IMOPUCTAasl CTPYKTypa MOJIy4eHHbIX u3aenuil. Ilo pesynb-
TaTaM IPOBEJCHHBIX HCCIEAOBAHUI YCTAHOBIEHO, YTO OMOYApHI, MOTYYEHHBbIE U3 IIETYXH W COJIOMBI C JTUTEIIb-
HOCTBIO Tepmoin3a 30 MUH, 00J1a1al0T HU3KUMHU COPOIIMOHHBIMU XapaKTEPUCTUKAMU Hoja U 00beMoM mop Bojabl. C
YBEJIMUSHUEM TMPOJOJIKUTEIBHOCTH TEPMOJIN3a YJIYYIIalOTCsl COPOLIMOHHBIE XapaKTepHUCTHUKH, ONTUMAJIbHOW JUIs
HIETTyXH SABJSETCS MPOJODKUTENBHOCTE TepMonu3a 60 muH npu temmnepatype 500°C, a ans conomsl ONTUMAaIbHOMN
IPOAOJDKUTENBHOCTBIO TepMonn3a siBisercss 60 mun npu teMnepatype 300°C. OnTumMansHbIM BapUaHTOM SIBIISETCS
Omovap, MOJYYCHHBIH U3 PUCOBOM COJIOMBI [UTUTENFHOCTRI0 60 MUH 1 Temriepatypoi Tepmonmsa 300°C, obnanaro-
Mii ancopOUMOHHON aKTUBHOCTEIO Hoaa 54,61%, coBoKynHBIM 00beMoM T10p Boabl 0,941 ¢M?/T 1 HachITHO#M TWIOT-
HOCTEIO 169,29 r/nv?. Tloy4eHHbBIe GHOYaPBI W3 PUCOBOM INETYXU U COIOMBI HCCIEN0BAHBI METOIOM CKaHUPYIOIIEH
ANIEKTPOHHON MHUKpocKomuy mpu yenmdeHnH B 4300 u 5000 pa3 1 UMEIOT Pa3BUTYIO IIOPUCTYIO CTPYKTYPY.

CornacHo nuTepaType, H3BECTHO, YTO OMOYap TaK)KE MOXKET OBITh MCIIONF30BaH B KAU4eCTBE BO30OHOBIISIEMOTO
UCTOYHMKA 3HEpruu. IIpoBeneHBI HCCIIENOBAHUS IO ONPENCICHUIO TEIUIOTBOPHOM CHOCOOHOCTH IOIYYEHHBIX
6mouapoB. [y cpaBHEHUS TEIUIOTBOPHOM CIIOCOOHOCTH PHUCOBOM IIETyXH, COJIOMBI M TIOTYYECHHBIX OMOYapoB OBLIN
ONpEeNeNeHbl WX TEIJIOTBOPHBIE CIIOCOOHOCTH Ha Kanmopumerpe. HauGombpliel TEmIOTBOPHOH CHOCOOHOCTBIO
oOsamaetT Ouoyap, MOJYyYSHHBIH U3 MISTYXH IPU MPOJODKUTEIbHOCTH 60 MUH U Temmeparype Tepmoiusa 400°C co
3HaueHneM 17,520 k/Dx/r, ontumanbHOW Juisi OMOYapa, MOJy4YEeHHOTO U3 COJIOMBI, SIBISETCS IPOAOJDKUTEIBLHOCTh
60 muH n Temneparypa repmonusa 400°C co 3Hayenuem 16,451 xJx/r.

[omy4eHHbIE SKCIIEpUMEHTAJIbHBIE JAHHBIE IO3BOJISIOT HCIIOJIB30BaTh MOJYYEHHBIH Ono4Yap M3 PHUCOBOM
COJIOMBI B JaJbHEHIIEM B KauecTBE OMOYJOOpEHUS /IS YIIyUIICHHs XapaKTEPUCTHK IO0YB, A TaK)KE MCIOJIb30BaTh
6uouap, MOIy4IECHHBIH U3 PHCOBOI LIETyXH, IS TOIYIEHHSI BO30OHOBIISIEMOTO TOIIIHMBA.

KuaroueBsble ciioBa: Onodap, pucoBas IIeiayxa, pucoBas COJIOMa, TEPMOIIN3, IIepepadboTKa, yaoOpeHne, Bo300-
HOBJISIEMOE TOIUIHBO.
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