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Using Four Pelletizing Machines with Flat Die and
Different Capacities for Obtaining the Best Pellets from
Corn Cobs Waste

Aurel Lunguleasa,® Cosmin Spirchez,®* and Sorin Radulescu °

Making pellets from corn cobs, the goal of this work, was motivated by the
abundance of vegetable biomass. Corn is used in both animal and human
food. Four pelletizing presses with flat die and different capacities were
considered. The influence of the capacity of the pellet mills on the density
of the obtained pellets was established by increasing the capacities of the
pellet mills to increase the density of the pellets. The waste of crushed
corn cobs was used for pelletizing. The energy characteristics of the
pellets from corn cobs were determined, with a high calorific value of
20.0MJ-kg™* and a calorific density of 19.8 MJ-m; these values were
much higher than the wood species used currently in combustion. The
black and calcined ash contents of 24.7% and 2.3%, respectively, were
also obtained. Based on the main properties of experimental pellets, corn
cob waste can be regarded as suitable for transformation into pellets with
good characteristics. The positive influence of capacity press increase on
density of pellets was also highlighted.
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INTRODUCTION

Vegetable biomass is ubiquitous in agriculture, either in the form of waste from
agricultural products used in food, or in the form of waste resulting from animal feeding.
The category of vegetable waste biomass with considerable quantities includes vegetable
straws (wheat, barley, rye, etc.), hemp and flax waste, sunflower and oil-waste, rice-waste,
rapeseed stalks, or other vegetable waste such as lucernes, cane, etc.

The working principle of the pellet mills is the same regardless of whether their die
is cylindrical or flat. The small material is forced to penetrate by extrusion into the 6 mm
holes of the die, and thus the pellets are obtained. At the exit from the die the pellets are
continuously cut below, obtaining almost equal sizes (some pellets break slightly
transversely due to the low resistance in this direction). Above the die, there is a liquefied
layer of lignocellulosic material, at a temperature of over 100 °C, which helps compaction.
The most important piece in the construction of the pellet mill is the die, which sustains a
high force of 20 to 28 tons (Radulescu et al. 2018). This piece is made of steel of the highest
quality. It is heat treated for hardening at 1200 °C and cooled in vacuum to obtain a
hardness of 56 to 58 Rockwell units. Because one hole in the matrix produces 0.8 kg-h
pellets, a pellet mill of 200 kg-h needs about 250 holes. It is also recommended that the
frequency of passes of a roller on a hole in the matrix is 115 rpm; hence, if a 1500 rpm
electric motor is chosen, and the gear ratio will be 1:13. The compression ratio is very
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important for the operation of a pellet press. This is the ratio between the thickness of the
die and the hole diameter (usually 6 mm), which can be 5.3 for straw, 3.2 to 3.5 for fir
sawdust, and 3 to 3.3.2 for oak sawdust. Usually this ratio is high for soft species and small
for hard species. Therefore, the capacity of a pellet mill is given by the number of holes of
the matrix and also by the number of rollers rotating above it.

Corn cobs are cobs without kernels, often used as direct fuel. It has a quasi-
cylindrical shape (slightly taper), with a diameter of about 15 to 35 mm and a length of 150
to 250 mm (meaning a volume of 22 to 87 cm?). It is made of several distinct areas on the
diameter of the cylinder, of which the most important are three: exterior, middle, and inner
zones. A white or reddish exterior area is formed from the corn kernels, placed in
longitudinal series. This area is rough enough to clean by rubbing different household
items, metal burrs, or glass fiber. This part can also be used for polishing varnishes and
paints to increase the degree of polish. The middle area of pinkish-white color consists of
concentric lignocellulosic rings. It is a very dense area, which makes it suitable to use the
whole corn cob at the barbeque. Interior area of white color has a very low density and
consists of a single layer (Tang et al. 2013; Yu et al. 2014; Zhang et al. 2015).

Corn cobs have multiple uses. A first characteristic of these is that they retain heat
for a long period, as they have a low degree of energy release. In this sense, corn cobs can
be used in barbeques due to their high density and higher calorific value. Corn cobs can be
used to smoke meat and sausages, thus replacing beech sawdust (Mohlala et al. 2016).
When preparing the red-hot coal needed for a barbeque, it is recommended to place pieces
of corn cobs under the charcoal so that it will obtain a slight smoke aroma of the roast. Due
to the large density of the exterior, these cobs can be transformed by shredding into abrasive
particles and are still used for the polishing of fine materials such as fiber glass, and
cleaning or removing paint from certain surfaces, such as on boats or cabins. Corn cabs can
be used to clean food grills. After it is thoroughly cleaned and washed, a piece of corn cob
can be used as a clothes brush. This is facilitated by the alveoli of the existing kernels on
the outside of the cob.

Corn (Zea mays) has several types of waste, and corn cob cannot be used directly
in animal feed (Takada et al. 2018). It consists of several parts as 21.1% the outer, 77.5%
the annual rings, and 1.4% core. The main chemical component is hemicellulose with the
main component xylan (arabinose and galactose). Ditzel et al. (2017) investigated the
extraction of nano-crystalline cellulose from corn-cobs in comparison to microcrystalline
cellulose. After delignification, the amount of nano-crystalline cellulose was 23.5%. These
microparticles had great potential for use in polymer composites obtained after extrusion.
Mohlala et al. (2016) examined agricultural residues of corn cobs from Africa in order to
sustainably cover the growing needs of the population in the energy field. The energy
potential of corn cobs in Nigeria and South Africa was estimated. Other benefits of these
wastes are also discussed. Da Silva et al. (2015) used corn cobs residues, specifically
extracted hemicelluloses, in the production of kraft eucalyptus pulp. Two hemicellulose
fractions were used, one obtained after neutralization and precipitation of the alkaline
solution, and the second after the addition of ethanol in the same solution. An increase in
mechanical properties was observed with the increase in hemicellulose content obtained
from corn cobs. Miranda et al. (2018) state that pellets are bio-fuels with high energy
potential because domestic stoves and boilers need high quality fuels. For experiments a
semi-industrial pelletizing machine was used, and the pellets obtained from corn cobs were
analyzed in terms of bulk density and durability. The obtained results corresponded to the
standards. Kaliyan and Morey (2010) used a briquetting unit with a uni-axial piston with a
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maximum pressure of 150 MPa. The particle sizes of corn cobs were 0.85 mm and 2.81
mm, these being heat treated at temperatures of 25 to 85 °C, obtaining briquettes with a
diameter of 19 mm. Regardless of the particle size and heat treatment temperatures, a
density of briquettes over 1100 kg-m™ and a mechanical durability over 90% were
obtained. Similar results were obtained by EI-Sayed and Khairy (2017), Paiva et al. (2012),
and Kundu et al. (2018).

Pinto et al. (2012) studied the microstructure and macrostructure of corn material,
the elemental chemical composition, density, water absorption, fire resistance and thermal
insulation capacity, as compared to expanded polystyrene and extruded polystyrene, as
classic insulation material in the construction industry. There are similarities between these
construction materials, but the new materials contribute to a more environmentally friendly
construction industry. Zang et al. (2019) prepared a new composite, consisting of the
incorporation of stearic acid into a die of carbonized corn cobs. This new composite has a
highly porous structure, a latent heat of 144.2 J-g’*, excellent thermal stability and high
performance of the composite stability in constructions.

Wang et al. (2018) impregnated corn cobs with pickle liquor (obtained from surface
treatment of iron and steel) to obtain magnetically activated carbon. After impregnation,
the corn cob material was dried at 120 °C for 24 h, and carbonized at 300, 500, and 700°C.
The composite contains hematite (Fe203) and magnetite (FesO4), which have higher
magnetization capacity with higher carbonization temperatures. Njeumen-Nkayem et al.
(2016) studied the introduction of different percentages (2, 5, 10, and 15%) of corn cobs in
the production of high porosity ceramic bricks. Different temperatures of burning of the
bricks of 900, 1000, and 1100 °C were used. The physical-mechanical properties increased
with increasing temperature and decreased with increasing percentage of corn cobs.
Laohalidanond et al. (2017) and Biagini et al. (2014) stated that the properties of corn cobs
can be improved by torrefaction. The study was focused on the gasification process of raw
cobs and torrefied cobs as solid fuel. The gas obtained by this process was determined by
its composition and calorific value, and finally the gasification efficiency for raw cobs and
torrefied raw cobs were obtained. Better gasification was obtained for the torrefied
material. The gas obtained from raw cob gasification contained more CO (18 to 27% by
volume), Hz (3 to 9% by volume), and CH4 (0.1 to 0.3% by volume), compared with values
of 5.5% CO, 0.9% Ha, and 0.03% CHa. A high value of CO, Hz, and CH4 led to a higher
calorific value of the cobs, increasing from 0.835 MJ-(Nm?®)™* for raw cobs to 2.8 to 4.2
MJ-(Nm?)2 for torrefied cobs.

Lao and Giusti (2018) analyzed the use of raw cobs in the food industry for the
extraction of food pigments. The paper used agqueous ethanol, a consumer-friendly product.
This pigment obtained from raw cobs has a good potential for use in the food field as red
pigment. Du et al. (2015) studied the obtaining of raw corn cobs of high-quality syngas,
consisting exclusively of Hz and CO, and as remaining high-quality solid carbon. An 82%
carbon conversion rate, 39% CO selectivity and an H2/CO ratio greater than 1.5 were
obtained. Biswas et al. (2017) studied pyrolysis of various wastes, including corn cobs at
temperatures of 450 and 400 °C. The maximum amount of bio-oil was from corn cobs of
47 wt%.

Pinto et al. (2011) analyzed the use of corn cobs as a building material for exterior
walls in Portugal. The experiments showed the potential of using these agricultural wastes
as insulation material, similar to extruded polystyrene, as microstructure. Faustino et al.
(2012) studied the use of corn cobs as particleboard in the construction of houses, as
thermal insulation products, ceiling and wall coverings, and interior doors. The acoustic
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insulation properties of the low weight pallet were obtained. A 3 mm layer was placed on
the floors and compared with classic materials such as glass wall and expanded
polystyrene, or with other natural insulation materials such as kenaf, coco fiber, sheep
wool, cork, and cellulose. Wongsiriamnuay and Tippayawong (2015) found that a
torrefaction temperature of 60 to 80 °C is suitable for obtaining stable pellets with a density
up to 1000 kg/m?. The results obtained by Zang et al. (2018) highlighted the fact that the
highest value of calorific value was obtained when corn cobs are thermally treated in a
humid environment for up to half an hour. Djatkov et al. (2018) demonstrated that denser
pellets are obtained by increasing the compression ratio to 4 or reducing the particle size.
Onsree et al. (2019) made a comparison between native pellets and those treated in a humid
environment from corn cobs, observing a better grindability, a higher porosity, and a high
decomposition of hemicelluloses in steam-treated pellets. Zhang et al. (2019) used the corn
cobs obtained from the anaerobic digestive process, processed by wet and dry torrefaction,
to obtain pellets that will be used in combustion. The conclusion of the study shows that
the torrefied pellets in wet environment will burn faster while the burning of torrefied
pellets by the dry process will be much more stable.

In sum, there are many applications of corn cobs that include direct use as fuels.
The use of corn cobs for making pellets has been only mentioned, but no consistent studies
have been performed in this field. The objective of this paper is to make high quality pellets
using corn cob waste on four pellet installations with different capacities. To find the
optimal solutions of the properties of particles and pellets, the experiments were intended
to determine the physical properties such as dimensions and density, then the calorific
properties such as the high, low, calorific value and the calorific density, and finally some
chemical properties such as the content of black and calcined ash. Finally, the influence of
the capacity of the pellet pressing installations on the pellet density was determined.

EXPERIMENTAL

Raw Material
The waste of cobs taken from Brasov region of Romania (production of 2019) was
crushed in a small lab hammer mill (Fig. 1).

Fig. 1. Corn cobs as raw material (left) and ground (right)
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Prior to processing, the crushed material was conditioned by keeping it in a
controlled environment with a constant temperature of 20 °C and a relative humidity of
65%. The particle size of this material was determined using an electric vibration device
and the sieves (EN 15149-1 2010) with sizes of 3.15, 2, 1.25, 0.8, and 0.4 mm. The material
collected under the 0.4 mm sieve was called "Rest". Because the size of these sieves did
not have a constant decreasing step, there were made a modeling of the sieve values with
a constant step.

Determination of the Density of the Pellets

This shredded material (Ragland et al. 1991) was introduced in the pellet press,
eliminating the first 50 to 80 pieces that had defects of compaction, because the optimum
pelletizing temperature of over 90 to 100 °C is obtained after some passage of time and not
at the beginning of the pelletizing. Main components of a pelletize press are die and rollers
(Fig. 2). If the pelletizing machine is new, an operational test is performed using pure
cellulose or the waste of finely chopped newspapers. At the end of the pelletizing operation,
flax oil is placed on the die of the machine so as not to block the pellets remaining in the
die at the next operation of pelletizing.

Fig. 2. Pelletizing press D50 (top view): 1-cone, 2-threaded screw, 3-nut, 4-pressing roll, and 5-die

To determine the moisture of the pellets, the standard EN 14774-3 (2009) was used,
namely the weighing-drying-weighing method, using a scale and a laboratory oven.

For the determination of the pellet density, the standards EN ISO / IEC 323 (2005)
and EN 15103(2000) were used. To determine the effective density of the pellets, 20 pieces
of pellets made from corn cobs were obtained from each type of pellet, i.e., those obtained
from the pellet mills of 20 kg/h (noted D20), 200 kg/h (D200), 400 kg/h (D400) and 500
kg/h (D500). The pellet ends were straightened by grinding on the abrasive disc so that the
surface was smooth to determine the exact length. Equation 1was used to determine the
effective density (determined by the cylindrical shape of the pellet),
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p=—2-"10° [kg - m™3] (1)
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where p is the effective density of the pellets (kg-m=),m is mass of the pellets (g), d is
diameter of the pellets (mm), and | is length of the pellets(mm).

The bulk density of the pellets was determined using a conical vessel of 45.31 x 23.43
% 99.01 mm and Eq. 2 (EN 15103 2009; EN 15150 2012),

Po = i 10° g - m] @

where po is bulk density (kg-m), mswis the mass of pellets, including the empty vessel (g),
Mew IS Mass of empty vessel (g), R is large radius of cone trunk, equal to 45.31 mm, r is the
small radius of the cone trunk, equal to 23.43 mm, and h is the height to which the level of
the pellets in the recipient reaches. Usually the maximum level of 99.01 mm was used. The
final result was the arithmetic mean of 10 values performed on the pellets batch. The bulk
density of corn cobs particles, also given by the loosening coefficient of lignocellulosic
material, was determined in a vessel with a volume of 822.1 cm?,

Determination of the Caloric Value of the Pellets

The determination of the calorific value for the pellets in corn cobs is almost similar
to that of coal (as solid fuel) and with few differences with respect to liquid fuels (gasoline,
diesel, etc.) or gases (methane gas, LPG, biogas, etc.). Generally, the method for
determining the calorific value is done separately for solid fuels (ASTM D3865-122000)
or liquids and gasses. For comparing the calorific value, the limitative values provided by
standard ONORM M7135 (2000) were used.

A total of at least 5 or 8 validly tested experimental samples were used (DIN 51900-
1 2000; EN 14918 2010; Tumuluru et al. 2011). The experiments were performed on 10
samples. An XRY-1C explosive combustion calorimeter (Shanghai Changji Geological
Instrument Co., Shanghai, China) was used to determine the calorific value of corn cob
pellets. Before performing the test, the calorimeter bomb was calibrated with benzoic acid,
which has a known calorific value (usually 26,463 kJ-kg™, or with small differences of
maximum = 1%).The calorimetric coefficient (k) of the calorimetric installation was
calculated using Eq. 3,

(tr=ti) ;
PCS; =k (“£=2) — 4 — gy [K3 kg 3)

where k is the calorimetric coefficient, which is determined by calibration with benzoic
acid(kJ-°C™), tris the final temperature (°C), ti is the initial temperature (°C), mi is the mass
of corn cob pellets (kg), gs is the heat obtained by burning the nickel wire (kJ-kg?), and qp
is the heat obtained by burning cotton yarn (kJ-kg™).

The calorific value of the pellets from corn cobs refers first to the preparation of
the pellets and the installation, then to the actual test, and finally to the final result (of the
high and low calorific value, and the burning time). The material for testing was 0.8 g of
pellet, weighed to an accuracy of 4 decimals. This sample was placed in a non-melting
metal crucible and inserted into the bomb for testing. Approximately 30 bars of oxygen
were introduced into the bomb. The bomb was placed in a calorimeter such that the water
was exactly at the upper level of the bomb. The two direct wires were connected to the
bomb and the cover was closed. Next, it was necessary to introduce in the computer
software the exact mass (with an accuracy of 4 decimals), the name of the sample, and the
calorimetric coefficient. Finally, the actual test was initiated with the pressing of a button.
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The test has three distinct periods, called “fore”, "main"”, and "after". After
stabilizing the temperature in the first stage, so there was no difference between two
consecutive values of the temperature. Electrical current was introduced to ignite the cotton
thread and the pellet. By burning the pellet, a certain amount of heat is released, highlighted
by the increase in temperature during the main period. At the end of the main period (when
the temperature does not increase anymore), the calculation temperature trwas obtained,
based on which the low and high calorific value. During the after period, the temperature
value was validated or corrected by computer software. The final result given by the
installation software was in the form of a table with the sample and test data, with all the
values of the temperature for the three periods, as well as the values of the high and low
caloric power and the duration of the test.

Determination of the Pellet Calorific Density
The calorific value per unit of volume was calculated as follows,

CD =CV - p, - 1076 [MJ:m?] (4)

where CV is the calorific value of pellets from corn cob waste (kJ-kg?),and pp is the
effective pellet density (kg-m=).This parameter is a convenient value for wood fuels and
typical for pellets. The calorific value CV of the pellets is a constant value of the used
species, different from the high HCV and low LCV, being independent of the moisture
content, because it is calculated for a moisture content of 0% with the following equation,

[KJ-kg!] (5)

where LCVwmc is low calorific value at a certain moisture content (kJ-kg™?), Mc is moisture
content (%).

Another method of finding the calorific value CV is to plot the linear regression
equations through repeated experiments of the pellets with different moisture content, such
as for Mcw = 10 and 30% and obtaining intersecting points of the HCV curves and LCV on
Oy axis.

LCV e 2.44-Mc

CV =
100(100-Mc) ~ 100—-Mc

Determination of Black and Calcined Ash Content

ASTM D-1102 (1984), EN 14775 (2010), and 1SO18122 (2015) were used to
determine the ash content. An analytical scale with the measuring range between 0.001 g
and 100 g was used. The mass of the empty crucible and the mass of the crucible with the
sample to be analyzed were determined. First, the crushed material is burned under a flame
of gas to protect the calcination furnace against soaking the walls with soot. In this way the
percentage content of black ash is obtained. The weighed sample will be inserted into the
calcination furnace, being heated to 750 = 10 °C. After reaching the mentioned
temperature, the samples are placed in the calcination furnace for 60 min, after which they
will be removed and left to cool in desiccators for 5 min. After reaching the ambient
temperature, the crucibles with calcined material will be weighed, determining the mass of
the crucible with residue after calcination. The ash content of the sample is calculated as a
ratio between the mass of the residue obtained after calcination and the initial mass of the
analyzed sample, as follows,

A, = ateTTe. 100 [%)] (6)

Mgyc—Mc

where mc is mass of empty crucible (g), ma+c is mass of crucible with calcined ash (g),and
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Ms+c IS mass of crucible with dry crushed sample (g).

Statistical Analysis

The evaluation of physical and mechanical properties of pellet was statistically
analyzed using Minitab 18 software. The comparative analysis was applied based on
probability plot with a confidence interval (CI) corresponding to 95% confidence, and
interval plots in order to highlight the differences between the different pellet types.

RESULTS AND DISCUSSION

The Raw Material

The average particle size of the crushed material was 1.7 mm, similar to previous
reports (Ragland et al. 1991; Kaliyan and Morey 2010). The results obtained by using the
effective sieves (Fig. 3) was modeled by a polynomial equation of 2" degree with the
coefficients (-3.787; 25.71; -15.89), in order to have a constant step from 0.5 to 0.5 mm,
also obtaining a polynomial equation of 2" degree, but with different coefficients (-7.968;
28.01; -1.601) as can be observed in Fig. 3b. The modeling consisted of taking each range,
dividing it into value units, and adding to the initial value a value corresponding to the
analyzed range. The difference between the coefficients of the polynomial equation
showed that the modeling was appropriate. By zeroing the derivative of the first order of
the newly obtained polynomial equation, the peak and the middle of the polynomial curve
(1.7 mm) with a good precision of R?>=0.69 were obtained. Within the initial polynomial
equation, the peak was different.

The average value of the four values from Fig. 4 was 681.9 kg-m.

The Density of the Pellets

The moisture content of the pellets used in the experiments was approximately
8.0%, which is within the limits of ONORM M7135 (2000), with values below 12%. The
bulk density of the pellets determines the volume of bagging of the pellets, and it differs
depending on the capacity of the pellet press, having an increasing evolution with
increasing the installation capacity. This bulk density depends mainly on the mass of the
pellets, but also on the sizes (length) of the pellets (Miranda et al. 2018). Due to the increase
in density regard on capacity press, it can be concluded that the volumetric mass of the
pellets has an overwhelming influence on it and less their length (because the pellets can
be easily sheared in length during the manufacturing period). That is why the weight of the
briquettes remains the only factor that increases the bulk density. The average value of the
four values from Fig. 4 was 681.9 kg-m™.
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Fig. 3. Granulometry of corn cobs particles: (a) experimental and (b) modeling values

The Density of the Pellets

The moisture content of the pellets used in the experiments was
approximately8.0%, which is within the limits of ONORM M7135 (2000), with values
below 12%. The bulk density of the pellets determines the volume of bagging of the pellets,
and it differs depending on the capacity of the pellet press, having an increasing evolution
with increasing the installation capacity. This bulk density depends mainly on the mass of
the pellets, but also on the sizes (length) of the pellets (Miranda et al. 2018). Due to the
increase in density in regards on capacity press, it can be concluded that the volumetric
mass of the pellets has an overwhelming influence on it. The pellets can be easily sheared
in length during the manufacturing period. That is why the weight of the briquettes remains
the only factor that increases the bulk density.
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Fig. 4. Bulk density of pellets: (a) experimental and (b) modeling values

The capacity of pellet installations did not have a constant growth index, which is
why the bulk density was modeled, for hypothetical cases of presses with equidistant
capacities (Fig. 3b). The coefficient of variation R? with a value of 0.913 shows that the
regression equation was well chosen.

The effective density of the pellets of the 4 types ranged within the limits of
1160t01260 kg-m-2and was on average 1215 kg-m (Fig. 5). The reference value of the
Austrian standard ONORM M7135 (2000) is over 1100 kg-m=3.All pellets from the
experiments fell within this norm and were greater than the values found by Kaliyan and
Morey (2010). As a general rule, with the increase of the capacity of the pelletizing press,
the density of the pellets increased, but in small limits of maximum 92.25 kg/m? from D50
to D500. The explanation is given by the increasing thickness of the die depending on the
capacity of the presses, in order to compensate the tensions that press on them. The thicker
the die, the longer the extrusion channel, the higher the extrusion pressure and the higher
the density of the obtained pellets.

In Fig. 5, the percentage probability plot was observed as two examples for the
pellets obtained on the laboratory pellet instalation (20 kg/h) and the industrial one (500
kg/h). In this figure the limits of the 20 values variation, the standard deviation, and other
statistical parameters are observed. As in the bulk density analysis, due to the different
capacity of the pellet mills, it was necessary to model the densities obtained on the existing
pelletizing presses (Fig. 6a), finding capacity values (Fig. 6b) for hypothetical press with
indexed capacities of 50 kg/h step.
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Fig. 5. Percentage probability plot of density for D20 (a) and D500 (b) installations

The obtained regression curve (with a very good coefficient of determination R? =
0.99, Fig. 6b) identifies density of the pellets for other press capacities that are not found
on the initial curve. Each point 1, 2, 3, ..., 10 represents a capacity increase step of 50 kg-h-
! corresponding to a density increment of 10.32 kg-m3. With direct referencing to this
algorithm, two examples are presented below:

e for D550, meaning for the point x = 11 the result is:
y =10.32x11+1157 = 1270.5 kg-m’3;

e for D420, meaning at x = 8+i, an increment i is added to the value of D400:
y=10.32x8+1157+(1255.3-1245.6):10x2=1245.6+1.94=1247.5 kg-m.

This modeling determines the density of the pellets obtained with a certain
installation. In addition, the graph from Fig. 5b provides a direct way of finding density by
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raising a vertical to cut the linear equation and then the horizontal line intersection to the
vertical axis.

a. 1280
1260

o'g 1220 / 1245.600904
< 1220 -

X 1200

>

21180

2 1160 «Ti63.057 1195.830175

0 1140
1120
1100

1255.350133

D20 D200 D400 D500
Press capacity type

b. 1280

1260 y =10.324x + 11575 B

R2 = 0.9901 /

e e
BN N
® O 9N
©O o o

Density (kg/m3)

1160

1140

1120

D50 D100 D150 D200 D250 D300 D350 D400 D450 D500
Press capacity type

Fig. 6. Pellet density according to capacity (a) and density modeling according to capacity (b)

The Caloric Properties of the Pellets

The calorific value of the pellets had an average value of 20.0MJ-kg™ for the high
calorific value and 19.8MJ-kg™ for the low calorific value. Increased moisture content of
the pellets negatively influences the calorific power, and very high values of over 90% led
to very low values, close to zero. These values are comparable to that of fire wood
(Laohalidanond et al. 2017) and other materials (Tumuluru et al. 2011).

The caloric density determined by Eq.4 had an average value of 19,750 MJ-m™=,
This value corresponds to previously reported wood values. The caloric density obtained
during the experiments express the bagging capacity of the pellets needed for production a
small value greatly increases the volume of the bag or decreases the mass of the bag. This
is an important aspect for production, which has to adapt easily when switching from one
type of waste to another.
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The Ash Content
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The ash content of the waste material from the corn cobs was on average 2.35%,
which is within the Austrian norm ONORM M7135 (2000), which provides a value below
6%. Also, this value of ash content is below other waste of agriculture, such as straws or
wood bark (Radulescu et al. 2018). The content of black ash (important in the combustion
process, because no soot and smoke is produced above this value) was on average 24.8%

(Fig. 7).
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Fig. 7. Probably plot for black (a) and calcined ash content (b)
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CONCLUSIONS

1. A greater capacity in the pelletizing presses led to pellets with higher density, obtaining
an increase of 92 kg-m=,

2. Small particles with an average size of 1.7 mm obtained by shredding raw material of
corn cobs are appropriate for pellet technology.

3. The ash content of 2.3% was good, lower than the value of the straw and wood bark
but higher than beech fire wood.

4. By exceeding the minimal limits of European Norms all data confirmed that all data
from the paper confirmed that corn cobs waste can be used in combustion as ecological
pellets when press machine with flat die are used.
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