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The production of bio-coal briquettes gives an opportunity to utilize low grade coal aswell as
the great amount of agricultural residues, to increase the calorific value of obtained briquettes and
to improve their chemical and physical properties. The present study is focused on developing the
technological scheme which gives an opportunity to reduce the energy consumption in production
line of composite fuel aswell as to produce bio-coal briquettes with good mechanical integrity. The
effect of the fixed bed length on the kinetic during the filtration drying of coal and sunflower
biomass has been examined. Optimal parameters for the process implementation were identified
for sunflower biomass: temperature of the heat agent 353 K, velocity of the heat agent 1,66 m/s,
length of the fixed bed 120-10°m and for the coal: temperature of the heat agent 318 K; pressure
drop 5886 Pa, length of the fixed bed 75.10°m. Organic binder has been obtained from woody
biomass using torrefaction process. Technological scheme has been developed which gives an
opportunity to reduce the energy consumption in production line by using filtration dryers for coal
and sunflower biomass drying as well as to produce bio-coal briquettes with good mechanical

integrity by using organic binder along with pretreated biomass.
Key words: low quality coal, grinded sunflower biomass, bio-coal briquettes, filtration

drying, composite briquettes, densification.

I ntroduction

Nowadays, a problem of using low quality
coal is essential for Ukraine. For example, there is
not sufficient economical reasonability of using
reserves of low quality coal of Lviv-Volyn' coal
pool in the Western region of Ukraine, which
is characterized by low heating value of
8.4-10.5 MJKg, high humidity, ash and sulfur
content [1]. Low-quality coal dumps, with coal of
3.65-12.8 MJkg heating value and high humidity,
are often formed near coal mines and coal pro-
cessing enterprises [2]. Briquetting is a right direc-
tion for using such coal as solid fuel. Ukraine has a
large agricultural potential and the idea of utilizing
the residues from agricultural sectors is consi-
derably attractive in view of briquette production
which can significantly influence the energy
dependence of the country and the conservation of
energy resources in general.

The production of bio-coal briquettes gives an
opportunity to utilize low grade coal as well as the
great amount of agricultural residues, to increase the
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calorific value of briquettes made by low quality coal
and to improve their chemical and physical
properties. The practical use of bio-coal briquettes
creates new market opportunities. Furthermore,
researches show that mixing coal and biomass for
solid fuel production will reduce carbon emissions
into the atmosphere during burning process of the
briquettes [3]. Furthermore, other minor pollutants
like sulfur dioxide, polyaromatic hydrocarbons
(PAH), toxic organic compounds (TOC) and volatile
organic compounds (VOC) can be reduced when
coal and biomass are co-fired [4].

The production of composite briquettes by
mixing coal and biomass in different ratios is
associated with some difficulties. Briquettes strength
from the composite of coa and biomass may be
significantly low due to the presence of moisture
content. Grinded coal and biomass should be dried
before densification in view of their high moisture
contents. Technological lines are often include
energy ineffective drying equipment or equipment
that operates in sub-optimal regimes. Belt, rotary and
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fluidized bed dryers are used commonly in industry
for the drying processes implementation and the
share of costs for drying is a significant portion in
the manufacturing cost of solid fuel [5, 6]. Since the
cost of drying is a significant part of the solid fuel
production cost, finding of the alternative drying
methods is essential.

Various briquetting techniques have been used
in the past few decades which include equipment
such as pellet mills, briquette presses, screw
extruders, tabletizers, and agglomerators. However,
the main issues upfront in commercializing these
techniques are significant binder cost and poor
mechanical integrity of briquettes [9]. Woody and
herbaceous biomass as well as the coal need to be
preprocessed before using efficiently for fuels
applications. Implementation of the filtration drying
method for grinded biomass and coal gives an
opportunity to intensify mass and heat transfer pro-
cesses in view of good contact between the heat
agent and particles of the grinded materials, to
reduce drying time and energy lost through exhaust
drying agent and as the result to reduce energy
consumption of the drying process [7, 8]. The deve-
lopment of technological schemes which include
torrefaction process of woody biomass is the pro-
spective direction. Torrefaction process, which
occurs at a rdatively low temperature of 225-300 °C,
leads to hemicellulose and cellulose degradation as
well as enacting the lignin content of biomass which
makes it useful as organic binder [9-11].

The aim of research
The present study is focused on devel oping the
technological scheme which gives an opportunity to
reduce the energy consumption in production line of
composite fuel as well as to produce bio-coal briqu-
ettes with good mechanical integrity.

Materials and methods of research

Coal was abtained from the Chervonograd
coal factory in Ukraine. Coal as the raw material
was grinded in jaw and roll crushers and
screened to three fractions: d=(2.5+1.25)-10 m,
d=(1.25+0.63)-10° m and d=(0.63+0.31):10° m. The
initial moisture contents were measured for each
fraction of the coal: 0.44 kg H,O/kg d.m. for
d=(2.5+1.25):10° m; 0.63 kg H,O/kg d.m. for
d=(1.25+0.63):10° m and 0.66 kg H,O/kg d.m. for
d=(0.63+0.31) 10° m (Table 1).
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unflower stems (biomass), as post-harvest
residues, were obtained from a local agricultural
ground in Lviv region, Ukraine. Due to their ingre-
dients celulose (forms wall skeleton of cells),
hemicellulose (is a part of cel walls as well as the
internal space of the cells) and lignin (provides walls
with necessary mechanical strength and hydrophobic
properties), sunflower stems can be successfully
used as a raw material for solid fuel production.
Stems were grinded in jaw crusher to particles from
0.08 to less than 5.0 mm. The initial moisture content
of such material was 0.67 kg H,O/kg d.m.

Apple branches (apple pruning residues), as a
wooden biomass, were obtained from the pruning
operations carried year by year in the apple plantations
located in the Lviv region of Ukraine Analysis showed
a moisture content of 40.5 %. Apple branches were
grinded to particles less than 2 mm for further
torrefaction process of such woody biomass.

Experimental procedure for the drying pro-
cess. Experiments for drying of sunflower biomass
and the coal by filtration method were performed in
container with the perforated bottom, as the main
part of the experimental plant, in which fixed beds of
the materials were formed.

An air was supplied by a blower, heated in a
heater and used as the drying agent. It was filtered down
flow through the fixed bed of materials. The heat agent
temperature 318 K and the pressure drop 5886 Pafor the
coal drying and the heat agent temperature 353 K and the
veocity of the heat agent 1.66 mys were used as optimal
(identified in previous studies). The congtant tempe-
ratures in the inlet of the fixed bed were sustained using
thermoregulatory RT-100 and chromel-copel ther-
mocouple. Consumption of the heat agent flow
was regulated by flow-regulating valves and was
registered by the dectronic flow-meter RPF-I. The
influence of the lengths of the fixed bed on kinetic
during filtration drying of cod and sunflower biomass
was investigated. A set of experiments were performed
for different lengths of fixed beds: for coal ranging from
H=4510° m to 90-10° m; for surflower stems ranging
from #=30-10° m to 90-10° m. To determine the lost of
weight during drying process, analytical scales were
used. The experiments were carried out till the material
weight became constant.

Torrefaction of woody biomass. Grinded apple
branches, as woody biomass, were a subjected to
torrefaction process at 250 °C and resident time of
60 min [10, 11] in a furnace. Inert environment was
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achieved by a continuous flow of nitrogen at 2 I/min
into the furnace chamber.

Results and Discussions

Drying experiments for the coa and sunflower
biomass were done at laboratory plant according to the
experimental procedure The effect of the fixed bed
length on the kinetic during the filtration drying were
examined for the purpose of obtaining optimal values.

In view of the fact that each fraction of coal
has its own initial moisture content, drying of each
fraction was made separately. Experimental curves,
obtained for filtration drying of coal with particle
diameter d=(2.5+1,25):10° m, d=(1.25+0,63):10° m
and d=(0.63+0.31)-10° m are presented in Fig. 1-3.
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Fig. 1. Kinetic of thefiltration drying of coal
d=(2.5+1,25)-10°m at different lengths of the fixed bed:
1-H=4510°m; 2—-H=60-10°m; 3—-H=7510°m
4 — H=90-10° m (7=318 K, 4P=5886 Pa)
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Fig. 2. Kinetic of thefiltration drying of coal
d=(1.25+0.63)-10° mat different lengths of the fixed bed:
1-H=45-10°m; 2— H=60-10°m; 3— H=75-10°m;

4 — H=90-10° m (7=318 K, A/P=5886 Pa)
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Fig. 3. Kinetic of thefiltration drying of coal
d=(0.63+0.31)-10"° mat different lengths of the fixed bed:
1-H=4510°m; 2—-H=60-10°m; 3—-H=7510%m
4 — H=90-10° m (7=318 K, 4P=5886 Pa)

As it is seen from the graphs, kinetic curves
for al coal fractions have (Fig. 1-3) periods of
mechanical displacement and removal of moisture
from the material and periods of complete and partial
saturation of the heat agent by moisture. Surface
moisture is located in channels between the coal
particles and the reduction of the particles size leads
to the increasing of its amount in the layer of the
material. In view of the low binding energy of the
surface moisture with the material, it is easly
removed from the material by the moving heat agent
in a few seconds in the periods of mechanical
displacement and removal of moisture, which saves
energy coasts on the implementation of the drying
process.

Drying times for all fractions of coal at lengths
of the fixed bed 45:10° m; 60-10° m; 75:10° mand
90-10° m are given at Table 1. As the result of the
energy costs calculation, length of the fixed bed
75:10° m was obtained as optimal for realization of
the coal drying by filtration method.

Experimental results of the drying process
for grinded sunflower biomass are represented in
Fig. 4. The kinetic curves (Fig. 4) are charac-
terized by periods of complete and partial satu-
ration of the heat agent by moisture. Long period
of partial saturation of the heat agent by moisture
indicates the proceeding of pore-diffusion proce-
sses in the material particles which define the time
of filtration drying.



Effective techniques for bio-coal briquettes production

Table
Drying times for all fractions of coal at different lengths of the fixed bed
Initial moisture ing ti
Fraction size, content Dryingtime, 7, s
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Fig. 4. Kinetic of thefiltration drying of sunflower biomass. at different lengths of the fixed bed
(T=353 K; w=1.66 m's)

Fig. 5. The technological scheme for bio-coal briquettes production: 1 —jaw crusher; 2 —roll crusher;
3 —crashes, 4, 7,10 — containers; 5, 8, 11 —dispensers; 6, 9, 12 —filtration dryers; 13 — mixer; 14 — crew press
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As the result of the energy costs calculation,
length of the fixed bed 120-10° m was obtained as
optimal for redlization of the sunflower biomass
drying by filtration method.

Technological scheme (Fig. 5) was developed
for bio-coal briquettes production taking into account
recommendations [12, 13]. It gives an opportunity to
reduce the energy consumption in production line by
using filtration dryers as well as to produce bio-coal
briquettes with good mechanical integrity by using
organic binder along with pretreated biomass.

According to the technological scheme, the coal
is grinded in the jaw crusher (1) and therall crusher (2)
and screened to three fractions with the help of crashes
(3). Bigger fractions after crashes (3) are fed into
containers (4 and 7). With the hdp of dispensers (5, 8)
coal fractions are fed to filtration dryers (6, 9) and then
to the mixer (13). The smallest fraction is fed directly
to the mixer (13) due to its small amount and
considerable hydraulic resistance during filtration
drying. Grinded sunflower biomass from container (10)
with the help of dispenser (11) is fed to filtration dryer
(12). Dried sunflower biomass is fed to the mixer (13).
In mixer (13) coal, sunflower biomass and binder
(obtained after the torrefaction of woody biomass) are
homogeneously mixed. For production of bio-coal
briquettes crew press (14) is used.

Conclusions

The influence of lengths of the fixed bed on
kinetics during the filtration drying of grinded coal
and sunflower biomass was investigated and optimal
parameters for the process implementation were
identified for sunflower biomass. temperature of the
heat agent 353 K, velocity of the heat agent 1,66 my/s,
length of the fixed bed 120-10° m and for the coal:
temperature of the heat agent 318 K; pressure drop
5886 Pa, length of the fixed bed 75:10°° m. Filtration
drying of grinded sunflower biomass and coal as the
unit operation of the technological line for bio-coal
briquettes production has been proposed.
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E®EKTUBHI METOJAU BUPOBHUIITBA BIO-BYT'TVIbHUX BPUKETIB

BupoOHuurBo 0io-BYrijisHHX OpHMKeTIB Ja€ 3MOry YTHWJIi3yBATH HU3BKOCOPTHE BYIJLJISI Ta 3HAYHY
KUIBKICTBh CIBCBKOr0CHOAAPChKUX 3AMUIIKIB, MiIIBUIMTH TeIVIOTBOPHY 3AaTHICTh OPUKETIB Ta MOJINIIUATH
ix ximiuni Ta ¢izuuni xapaktepucTuxu. JocaigxeHHs: cnpsMoBaHi Ha po3po0JeHHsS] TEXHOJOTIYHOI CXeMH,
sIKa 1a€ 3MOry 3MEHIINTH eHepreTU4YHi 3aTpaTH BUPOOHNYHMX JiHill KOMIO3ULIIHOI0 MaTUBa Ta BUPOOIATH
Oio-ByrijibHI OpukeTH HajeskHOI MiHOCTI. JlocTilzkeHO BINIMB BHCOTH CTALIIOHAPHOrO IIAPY HAa KiHETHKY
¢inbTpaniiiHoro cyminHa Byrijisi ta OioMacu coHAmHHKA. ONTHMAJABLHI MapaMeTpH IJsl NPOBeICHHSA
nmpouecy BH3HAYEeHO [JIsi OioMacH COHSIIHMKA. TemmepaTypa TemjaoBoro arenra 353 K, mBuakicrs
TennoBoro arenta 1,66 m/c; Bmcora cramiomapmoro mapy 12010° M Ta musm Byriais: TemmepaTypa
TennoBoro arenta 318 K; mepenmax Tuckis 5886 Ila; Bucora cramionapsoro mapy 75107 m. Oprauiuny
3B’ SI3yHOUy PeYOBHHY OTPHUMAHO OOMAJTIOBAHHSM JepeBHHHOI GioMacu. Po3po0iieHO TEeXHOJIOTiYHY cXeMy,
sIKa Aa€ 3MOry 3MeHIUMTH eHepPreTHYHi 3aTpaTH BHPOOHMYMX JIiHiH BHMKOpPHUCTAHHAM (QinbTpaniiiHuX
CyHIApOK [JIsl CyHIiHHSI BYrilis Ta 0ioMacH COHMIIIHMKA Ta BUPOOJSITH 0io-BYrijibHI OpUKeTH HAJIEKHOL
MilHOCTI, 3MilIyI0YH OpraHidHy 3B’ A3yI04y PeYOBHHY 3 HioMacor0, 110 MPOIIILIA MONEPETHIO MEPePodKY.

Ki1o4oBi cji0Ba: HM3bKOCOPTHe BYrijis, moApiOHeHa OioMaca COHAIIHUKA, 0io-BYrijJibHI OpmkeTH,
¢inbTpaniiine cymiHHA, KOMNO3uLiiiHi OpUKeTH, yIIbHEHHS .
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