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Abstract

The article aims to develop a technology for producing a modern fuel briquette from rice husks(RH), which can
be used in a complex, gives little flame, and does not emit toxic substances during combustion. The possibility
of using such briquettes is used for heating and cooking on the street and unequipped places. Consumers of
briquettes can be military units in combat operations or exercises, expeditions, and tourists working in areas
where a stable fuel supply is complex. To this end, oxygen-rich components are adsorbed during thermal
decomposition, using the sorption properties of activated carbon associated with an increase in its specific
surface area, specific volume, and pores, including a solution of oxidants in an aqueous medium, which
significantly increases the combustion rate of carbon-containing composite fuel.
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1. Introduction

Currently, rice is grown in Kazakhstan in the
valley of the Syrdarya River, 1li, and Karatal in the
Kyzylorda, South Kazakhstan, and Almaty regions.
Rice processing enterprises have accumulated as a
result of processing rice grain. 20% of the waste is
a large-tonnage agricultural waste [1]. Studies on
creating highly efficient technologies for complex
waste processing have shown that RH contain
a large amount of carbon in the composition of
natural polymers - cellulose and lignin. In addition
to carbon, these polymers include a sufficient
amount of hydrogen and oxygen, which, when
decomposing organic compounds, contribute
to forming activated carbon material with a
developed porous structure [2]. RH fuel briquettes
thermal value is close to coal’s, and the ash
content is six times lower, making fuel briquettes
an environmentally friendly and promising fuel.
Activated charcoal from RH can be obtained in
two ways: by steam gas or chemical activation.
Chemical activation has two main advantages over
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steam-gas activation: low activation temperature
and high product yield [3]. Activated carbon is
also obtained in a two-stage process combining
chemical and gas-steam activation to get a product
with the necessary quality and characteristics. The
activation energy equals 279, 168, and 117 kJ/
mol, respectively [4]. When using carbon dioxide,
the activation temperature is maintained within
850-900 °C, water vapor - 650-700 °C, and oxygen
-350-450 °C.

A promising direction of RH processing is the
simultaneous use of the mineral part (silicon)
and the carbon-containing part. In these areas
[5], research is being conducted to establish
optimal ways to obtain silicon dioxide and
activated carbon with different properties and
characteristics. Activated carbon is the oldest
adsorbent with a large surface area, controlled
pore structure, thermal stability, and low acid-
base reactivity. Activated carbon is a suitable
material for removing various inorganic and
organic [6, 7] substances dissolved in an aqueous
medium or from the gas phase. Adsorption
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purification with activated carbon is recognized
as an effective means of reducing the content of
organic chemicals, chlorine, heavy metals, and
liquid waste [8]. Popular sources of raw materials
are used to produce activated carbon, such as
coal [9], wood waste [10], coconut chips [11],
and peat [12]. Despite its widespread use in the
adsorption process, the biggest problem of using
activated carbon on an industrial scale is its high
cost and complexity in recovering adsorbents.
In this regard, there is a need to search for new
renewable and inexpensive materials as an
alternative to adsorbents when solving problems
of water pollution and waste gas utilization of
various technological processes.

Theoretically, 409 k] of thermal energy is
released during the combustion of carbon.

C+0, = CO, + 97,8 kcal (409.2 kJ)

In practice, when burning one kilogram of high-
energy coal, 27 k] of thermal energy is released,
and when burning pure amorphous carbon, 34.1
k] is released. The discrepancy with the theory is
explained by the presence of mineral impurities
and partial oxidation of coals. The choice of
material for manufacturing briquettes is uniquely
limited to amorphous carbon. Fuel briquettes with
high energy value can be obtained by processing
amorphous carbon obtained by carbonizing waste
from processing plant raw materials.

The calorific value of fuel briquettes from RH
is close to the calorific value of coal. At the same
time, the ash content is six times lower, which
makes fuel briquettes an environmentally friendly
and promising fuel. Comparative characteristics of
briquettes obtained from sawdust, RHs, and coal
are given in the table 1 [13].

2. Experimental part
A porous carbonaceous material was obtained

from the dried RH by the carbonization process
under isothermal conditions. The carbonization

Table 1. Characteristics of briquettes from various raw
materials

Characteristics ~ Sawdust Rice husk Coal
Density, g/m> 1,1-1,26 1,0-1,2 1,2-1,5
Calorific value, 4000- 4800- 4400-

kcal/kg 4800 5200 5200
Ash content, 0,5-1,0 0,3-3,0 10-20

% wt.

process was carried out as follows: this usually
occurs in an inert atmosphere (N,/Ar) in the
temperature range of 300-900 °C by pyrolysis.
A carbonized rice shell containing carbon is
obtained.

The  3H-2000PS1  automatic  analyzer
determines the specific surface area, specific
volume, and pore size. The specific surface area
was measured using the single-point and multi-
point Brunauer-Emmett-Teller (BET) method
and the Langmuir method for low-temperature
adsorption of liquid nitrogen.

The elemental composition of the samples was
determined by the method of energy dispersion
spectroscopy on the device EDAX Ametek.

3. Results and their discussion

Without flame, heat-energy carbon material
for research carbonized rice shell mechanical
activation is crushed in a ball mill to 100 microns
and connected to organic connectors in a vacuum
extruder JC-70. A small-sized briquette is
prepared, as shown in Fig. 1.

Activation of the small-sized briquette was
carried out at a temperature of - 900 °C. With the
use of carbon dioxide with an activation time of 20-
120 min. As aresult, Fig. 2 shows that the activated
briquette sample has large ho-les and recesses
at an increase of 100 microns. The elemental
composition of the piece reflects 91.06% carbon
(C) and 7.04% oxygen (0) of the material, as well
as a small number of elements. It should be noted
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Fig. 1. Small-sized bicarbonate briquette: 50 mm,
diameter: 45 mm.
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Fig. 2. Analysis of SEM and EDAX of a heat-energy briquette of a carbon-free flame.

that other features indicate a connection with the

cleaning technology.

The adsorption isotherm of activated briquette

[ linear and II logarithmic curves (Fig. 3),
identified in the 3H-2000ps1 automatic analyzer,
determined the specific surface area, specific
volume, and pore size in the research laboratory
of Plamya Research and Production Center LLP,
show the microhardness of the adsorbent along
with macro- and mesocosms according to the
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theory of polymolecular adsorption of Brunauer-
Emmetter (BET) [14].

Based on studies [15, 16], activated carbon
with a specific surface area of 514.54 m?/g was
obtained due to high-temperature activation of a
carbon-free flame thermal energy briquette using
carbon dioxide. Table 2 shows the development
of the Brunauer-Emmett-Ter (BET) multipoint
analysis.

Isotherm (logarithmic)
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Fig. 3. Adsorption carbon-flame thermal energy briquette isotherm I linear and II logarithmic curves.
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Table 2.Results of the multipoint analysis of the Bet carbon flame thermal energy briquette

BET Multi-Point Analysis Results

Model: 3H-2000PS1

Tel: 8(727)2230121

LLP SPTC Zhalyn

BET Surface Area (P/P,=0.0400-0.3200) 514.5412 m?/g

To date, there is a vast number of oxygen-
containing oxidants. In this work, KNO; was
used as an oxidizing component, which can
release a large amount of oxygen during thermal
decomposition [17]. To improve the combustion
of carbon-free thermal energy briquettes in the
process of adsorption of carbon materials in a
vacuum medium in a solution of 5 g KNO3; 100 in
water [18], we considered the combustion process
using 36 g of activated carbon briquettes with a
specific surface area of 514.54 m?/g (Figs. 4-5).

A carbon-free fuel and energy briquette is a
fuel capable, under certain conditions, of releasing
energy in the form of heat due to chemical
conversion. Carbon briquette is one of the widely
known technological additives included in the

composition of an energy substance to ensure
energy intensity. For example, coal, which is
a component of the earliest known chemical
explosive, has been studied in detail for use as
a modifier of the combustion rate of rocket fuel,
chemical fuel. Combustion, a chemical fuel, is a
chemical fuel.

After analyzing the results of burning a small-
sized briquette in the open air (Fig. 5), we can
find out that when the KNO; oxidizer is thermally
decomposed, the carbonaceous material at a
temperature of 105 °C completely burns in 2 min,
a stable combustion, combustion indicator at a
temperature above 462 °C in 59 min determines
steady burning and high thermal value of
carbonaceous material.

Fig. 4. Combustion of heat-energy briquette of carbon-free flame in the open air.
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Fig. 5. The line of dependence of the time and temperature of combustion carbon flame heat-energy briquette in the

open air.
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4. Conclusion

The work consists of creating a heat-energy
material of a carbon-free flame, which has specific
chemical and physical properties that ensure
stable combustion and high thermal value. The
macro- and microstructure of the material, the
morphology of the elements, and the shape and
size of the pores determine the specific surface
area and thermal conductivity. When developing
material, the hierarchy of its composition and
structural elements, the presence of chemical
functional groups and morphological features,
and the area and strength of the specific surface
are designed. Carbon materials particularly limit
the choice of material for making briquettes.
By processing the carbon obtained from the
carbonation of waste materials of production, it
is possible to get fuel briquettes with high energy
values.

References

[1]. Ivleva AR, Kanarskij AV, Kazakov YaV (2014)
Vestnik ~ Kazanskogo  tekhnologicheskogo
universiteta 17(23):208-211.

[2]. Efremova SV (2011) Physical and chemical
bases and technology of thermal processing of
RHs: [monograph]. Qazaq university, Almaty,
Republic of Kazakhstan. P.149.

[3]. Kinle H (1984) Active carbons and their
industrial application. Chemistry, Leningrad
branch, USSR. P.215.

[4]. Eletsky PM (2009) Synthesis and study of
carbon-silica nanocomposites, meso- and
microporous carbon materials from high-ash
biomass: thesis... Dissertation for the degree
of candidate of chemical sciences, Novosibirsk,
Russia. P.115.

[5]. GhoshR(2013)]Journal of Chemical Engineering
and Process Technology 4(4):156-162.

[6]. Gupta VK, Ali [, Saini VK, Gerven TV, Bruggen
BVD, Vandecasteele C (2005) Industrial and
Engineering Chemistry Research 44(10)3655-
3664.

[7]. Gupta VK, Jain CK, Ali I, Chandra S, Agarwal S
(2002) Water Research 36(10):2483-2490.

[8]. Wen QB, Li C, Cai Z, Zhang W, Gao H, Chen
L, Zeng G, Shu X, Zhao Y (2011) Bioresource
Technology 102(2):942-947.

[9]. QadaENE], Allen SJ, Walker GM (2006) Chemical
Engineering Journal 124(1-3):103-110.

[10].Sahu JN, Acharya ]]J, Meikap BC (2010)
Bioresource Technology 101(6):1974-1982.

[11]. Guo S, Peng ], Li W, Yang K, Zhang L, Zhang
S, Xia H (2009) Applied Surface Science
255(20):8443-8449.

[12]. Donald ], Xu C, Hashimoto H, Byambajav E,
Ohtsuk Y (2010) Applied Catalysis A: General.
375(1):124-133.

[13]. Shvets VV (2005) Collaboration to solve the
problem of waste: II International Conference.
INZHEK Publishing House, Kharkiv, Ukraine.
P.337-340.

[14]. Shumyatsky Yul (2009) Industrial adsorption
processes. Kolos S, Moscow, Russia. P.183.

[15]. Aworn A, Amphol A, Paitip T, Woranan N (2009)
Colloids and Surfaces A: Physicochem and Eng.
Asp. 333(1-3):19-25.

[16]. Chang Ch-F, Chang Ch-Y, Tsai W-T (2000)
Journal of Colloid and Interface Science.
232(1):45-49.

[17]. Fujisato K, Habu H, Hori K (2014) Sci. Tech.
Energetic Materials 75:28-36.

[18]. Mukhin VM, Tarasov AV, Klushin VN (2000)
Active coals of Russia. Metallurgy, Moscow,
Russia. P.352.

IlonyyeHne Ge3nJlaMeHHBIX TelJOIHeEpPreTH-
YeCKHUX yIVIepOJHbIX MeJIKUX GPUKETOB

K. XKymaxau'?, E. TuneyGepau'®, M.A Buiicen6aes?
K. Tokrap6ai*, M. A6ytanumn*

!Ka3axCKHi HallMOHa/IbHbIH YHUBEPCUTET UM. ajib-Pa-
pabw, np. anb-Papadwu, 71, Anmatel, Kazaxcran

TOO «Hay4HO-pOoW3BOACTBEHHBIN LeHTpP «YKasbIH»,
ya. [laBaogapckas 11, Anmatel, Kazaxctan

3KasaxcKui Hal[MOHA/JbHBIN Mearoruueckuii yHuBep-
cuteT UM. Abas, p. A6as 13, AnmaTsl, Kasaxctan
*Hasap6aeB yHuBepcuTeT, np. Ka6au6ait 6aTbipa, 53,
Hyp-Cyartan, KazaxcraH

AHHOTanuAa

CtraTbsl HampaBJieHa Ha pa3pabOTKy TEXHOJIO-
rMU TMPOU3BOJACTBA COBPEMEHHOTO TOIJIMBHOTO
OpUKeTa U3 PUCOBOM LIENYXH, KOTOPBIA MOXET
OBbITh UCNOJIb30BAaH KOMIIJIEKCHO, /€T MaJio IJia-
MeHHU U He BbIJleJIIeT TOKCUYHBIX BelleCTB MpU
ropeHud. Bo3MOXXHOCTh HCHOJIb30BAHUS TaKUX
OPUKETOB HCIOJIb3YeTCA AJisl 000TpeBa U MPUTO-
TOBJIEHUS MUY HA YJIMIIE U B He 060py/[0BaHHBIX
MecTax. [loTpebuTeIsIMU OPUKETOB MOTYT ObITh:
BOMHCKHE YaCTH B YCJOBUSIX OOEBbIX JeHCTBUU
WM yYeHUH, IKCIeJUIIUU U TYPUCThI, paboTa-
IolMe B pailloHaX, rfe CTabuJbHOEe CHabXeHHe
TONJIMBOM 3aTpyAHeHO. C 3TOW LieJiblo, UCIOJIb-
3ysl COpPOIMOHHbIE CBOWCTBA AaKTHUBUPOBAHHOTO
yTJis, CBSI3aHHbIE C YBeJWYEHUEM ero yAeJbHOU
OBEPXHOCTH, YJIeJIbHOTO 06'beMa U TOP, afACcop-
OGUPYIOT 6oraThle KUCJ0POJA0M KOMIIOHEHThI IPU
TEPMUYECKOM PA3JIOKEHUHU, BKJIIOYAsA PACTBOP
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OKHCJIHUTeNeN B BOLHOU cpefie, YTO 3HAYUTETbHO
NOBbILIAET CKOPOCTb FOPEHUS YIJIepoJCcojiepKa-
1lero KOMIO3UTHOI'O TOMJIUBA.

Kawuesvie caosa: aKTHBHpOBaHHbIﬁ yroJib, pucoBasd
nieJsyxa, a,ucop6u1/1ﬂ, IOopkbl, TOIIJIMBHbIE 6pI/IKeTbI, ro-
peHue, yaesibHasd NOBEPXHOCTbD.
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Anjaarna

Makasiazia KemeHJi TypJe KoJJlaHyFa 6oJia-
TBIH, a3 KaJIbIH OepPEeTiH JKoHe KaHy Ke3iHe yJ/Ibl

3aTTap IIbIFAPMaNThIH 3aMaHay!u OTbIH OGpUKETIH
KYPpILl KaybI3blHAH 6HAIpy TEXHOJIOTHUACHIH aca-
yFa 6afbITTajsfaH. MyHJal GpukeTTepAi naiga-
JIaHy MYMKIHZITI a/1a/ia )koHe kabibIKTaJIMaFaH
XepJepZe KbLIbIHYFa KoHe TaMakK 6HiMJepiH
nicipyre KoJiJaHbu1aAbl. bpuxkertepai TYThHI-
HyUIblJIap: YpbIC KUMbLIJAapbl HeMece OKYy-XkaT-
TBIFyJIAp KaF4aWbIHAAFbl 9CcKepu GesiMzep,
TYpPaKTbl OTBIHMEH KaMTaMachbl3 €Ty KUbIH ay-
JlaHAap/ia >KyMbIC iCTeUTIH aKcIeAULMsAIap KoHe
TypucTep 60/ybl MyMKiH. Ocbl MaKcaTTa 6eJiceH-
JipinreH keMmipziiH MeHUIiKTi 6eTiHiH, MeHIIIKTi
KeJIeMiHiH *KoHe KeyeKTepiHiH y/FarblHa 6alia-
HBICTThI COPOIHUSJIBIK KACUeTTEepiH Nai/jalaHbll,
CyJIbl OpTaJZila TOTBIKTBIPFBIIITAPAbIH €pTiHAICIH
KOCKaH/la TEPMUSJIBIK blJbIpay Ke3iH/e OTTeriHe
6ail KOMIOHEHTTePAI aZcopbLusIan KeMipTeKT-
Ti KOMIO3UTTIK OTBIHHBIH, KaHY KbLJI1aM/bIf bIH
auTapJ/bIKTal >KOFapblaaTazbl.

Kinam ce3dep: 6esceHAaipiareH keMipTek, Kypill Kaybl-
3bl, aZICOPOIUS, KEYeKTep , OTbIH OPUKETI, )KaHy , MeH-
urikTi 6eT ayaH/bl.



