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The research was carried out in Aleksandras Stulginskis University with a natural magnesium mineral fertilizer — magnesium silicate
Serpentine rocks that were grounded and granulated with an impact granulation technology, organic cattle manure compost fertilizer,
which was granulated using a device with a horizontal granulator matrix (the diameter of pellets is 6 mm), and the mixture of Serpentine
and manure pellets (mixture ratio 1:1, diameter of pellets is6 mm). There were investigated and estimated the biometric and physical-
mechanical properties of produced fertilizer granules — pellet granulometric composition and biometric indicators, moisture content,
density and pellet strength (resistance to impact forces). Research results showed that the pellet moisture content was sufficiently low,
varied from 4.7 % to 14.7 %, and the density of produced pellet was considerably high as it reached more than 1000 kg m DM
(dry matter). Results on resistance to the deformation of the investigated mineral magnesium and organic fertilizers indicate that the
most resistant granules are the ones that are made of the mixture of Serpentine and manure pellets as they decompose to 550.5 N force,
whereas granules of manure pellets (without Serpentine) disintegrate to a 271.4 N force, which is about twice as small as the above
mentioned one. Research results have shown that fertilizer granules made of organic manure and mixture with magnesium silicate
Serpentine are of high quality, these granules are sufficiently resistant to compression on a static force as well as convenient for storage,
transportation and mechanical spreading in the field.
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INTRODUCTION

Growing awareness and concern from the impact of stockbreeding wastes on the quality of life and the environment
is capturing the attention of researchers who are focused on developing alternative methods of waste reduction and reuse.
In Lithuania, agriculture generated approximately 3.8 million tons of manure in 2014 (Official, 2017). It has been
calculated that 722 thousands of cattle theoretically produced about 7.81 million tons of solid fraction manure in 2016.

A promising approach for reducing volume, reducing offensive odours, and facilitating the storage of manure is
drying and pelletizing. The reduced moisture content of the dried pelletized organic waste means that they are easier to
store, transport, and apply to soil (John et al., 1996). These techniques may help to obtain a readily stored product that
does not leach and does not have a bad odour, thus increasing its environmental acceptability and financial value. In
addition, drying and pelletizing may reduce the significant pathogen load and antibiotic residue content of fresh litter
(Sims and Wolf, 1994). Other manure uses, besides the land application, such as burning for fuel recovery or land filling,
produce low-value alternatives. Solutions to transforming manure into valuable products are much more desirable than
the current methods of manure disposal. The production of activated carbons can be an excellent reuse of these waste
materials (Lima and Marshall, 2005).

The production of fertilizer from renewable organic waste sources (such as manure, animal waste, wood waste,
etc.) using biological processes represents an important area of bio-fertilizer production. Farmyard manure is also a
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valuable organic waste that has been traditionally used as a soil conditioner in agriculture. The organic component of
solid waste contains sufficient amounts of nutrients that can be used as biological fertilizer (Ali et al., 2013).

In this article, manure refers to materials that have been composted and granulated. The densification process and
pellet production is able to convert manure into a compressed form with advantages in transportation, handling, and
storage (Bhattacharya et al., 1989). Biomass densification means the use of some form of mechanical pressure to reduce
the volume of biomass material and the conversion of this material to a solid form (Erickson and Prior, 1990).

Hara studied the produced pellets by using an extruder from animal manure in order to investigate the effect of
moisture content and dust levels on pellet strength (Hara, 2001). The obtained results showed that the strength pellets
reduced with increasing moisture content and the percentage of the soil in manure. The most relevant moisture content
level was proposed to be 45 % for forming the pellets and below 20 % for the storage of manure pellets.

According to scientific research, the crush strength is the most commonly used method to measure the hardness of
fertilizer granules. It is defined as the minimum force required to crush individual particles. For fertilizers, it is a useful
factor in predicting the expected handling and storage properties (Latifian et all, 2012).

After having assessed the suitability of manure compost for granulation, it has been established that this organic
waste dried up to 10-12 % content humidity may be granulated using traditional feed granulators, and the process of
granulation does not require any special equipment (Pocius et all, 2015). Lithuanian researchers have investigated that
the experimental manure compost pellets with static stability limit 430 N were the most mechanically stable when subject
to vertical compression, and the deformation level up to 1.2-1.3 mm (Pocius et all, 2016).

Composting, drying, and granulation are increasingly becoming a universal and popular option for
environmentally sustainable means of recycling agricultural by-products. In Lithuania, commercial composting
technology for conversion of large volume waste (cattle, pig, or hen manure) into economically viable and safe products
has not been fully developed yet. Moreover, the densification of biomass materials into pellets could reduce costs and
problems with handling, transportation, storage, and utilization of low bulk density biomass materials. There exists
problems to produce good quality (i.e., high strength and durability) densified products from biomass whose densification
characteristics are unknown, ways to make strong and durable densified products are needed.

Organic fertilizers are mainly used to enrich the soil with nitrogen, but many plants also require magnesium. A
naturally extracted mineral serpentine can be used here. Serpentine (Mgs[SizO10] [OH]s or 3MgO:2Si0O22H,0) is volcanic
and originates from rock solidification processes, consisting of such minerals as antigorite, lysart, calcite, and chlorite.
Its chemical composition greatly depends on the place of extraction. Serpentine is rich in various elements that are also
important for agricultural crops as nutrients. As an ornamental mineral, it is used to decorate the interior of buildings, in
constructions, in fertilizer productions, as a feed additive, in water and gas purification and other fields (Harrison,
Rajakaruna, 2001; Andreani et all., 2008; Deschamps et all., 2012; Lee, Soh, 2016). Serpentine is also used as a soil
improver to improve soil properties and fertilize agricultural crops. The main reason for this is that serpentines are rich in
magnesium, which is a very important element of plant nutrition — an integral part of chlorophyll (Skinner, 2005, Haynly
et all., 2005; Senbayram et all., 2015).

The overall goal of this article is to investigate the properties of pressed organic and mineral magnesium fertilizers,
to improve the strength and durability of the pressed products (granules), and to provide the conditions necessary to
produce strong and durable pellets from manure, serpentine and their mix.

MATERIALS AND METHODS

The physical-mechanical characteristics of granulated cattle manure and Serpentine fertilizers were investigated:
pellet moisture content; pellet biometric parameters and granulometric (fractional) composition; pellet measurements,
mass, density, bulk density and the strength (resistance to compression) of granules. This research has been performed
using the standard methods.

Pellet production. Three variants of pellets were produced: cattle manure compost, serpentine and their mixture
(mixture ratio 1:1) in the laboratories of Aleksandras Stulginskis University (during the years 2016 and 2017). A press
with horizontal array with 6 mm holes was used for the production of manure pellets” and mixture of manure-serpentine
pellets’. For serpentine pellet production, the magnesium silicate serpentine rocks were grounded and granulated with
impact granulation technology (Jasinskas et all., 2016).

After pressing and cooling the pellets, their granulometric composition, biometric parameters (dimensions,
humidity, volume and density) and other properties were investigated.

Pellet granulometric composition was determined using a set of 200 mm diameter sieves with round holes of
diameters 0.25 mm, 0.5 mm, 1.0 mm, 2.0 mm, 3.15 mm, 4.0 mm, 5.0 mm, 5.6 mm, and 7.1 mm. The mass remaining on
the sieves was weighed, and sample fraction percentages were calculated. Each test was repeated 5 times.

Pellet moisture content was determined in a laboratory drying chamber oven according to the standard
methodology presented in the paper (Siaudinis et all., 2015).

Pellet parameters were determined by measuring their length and diameter (accuracy to 0.05 mm). For all the
experimental trials, 10 pellets were selected randomly. The pellet weight was assessed by KERN ABJ scales (accuracy
to 0.001 g). The weights were calculated for each type of pressed organic and mineral fertilizer using 10 granules. Pellet
volume was calculated using the pellet size (diameter and length). The average mass meanings of the measured three sort
granules were calculated.
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Pellet density. The pellet volume was calculated using the pellet size (diameter and length). After the determination
of pellet mass and volume, their density was calculated (Jasinskas et all, 2016).

Pellet resistance to compression (strength). Pellet strength tests were carried out in laboratory of Institute of
Agricultural Engineering and Safety Aleksandras Stulginskis University (ASU) by using a research equipment Instron
5960 and a command and parameter registration computer system Bluehill. Tests were carried out by placing pellets on a
horizontal plane (table) and pressing by a vertical load (Jasinskas et all, 2016). The test results are recorded every 0.1
second until the pellet disintegrates when exposed to the force completely. The tests were repeated 5 times for the pellets
of the tested 3 samples. Measurement error is 0.02 %. When all the tests were performed, the research data was processed
by statistical-mathematical methods.

RESULTS AND DISCUSSION

Determination of pellets properties. Granulation technology and pellet properties depend on the equipment that
was used, raw material, mass fractional composition, and moisture content.

Granulometric composition and other properties of organic pellet depend on the main parameters of the produced
pellet. It was determined that the average mass of the produced 6.0 mm diameter organic fertilizer pellets varied from
0.30 g to 0.56 g and average length of the pellet was 9.9+1.0 mm. The largest amount of fraction was received on the
sieves with 5.6 mm holes — fraction varied from 61.2 % to 82.0 % (in organic manure compost pallets). Very small amount
was received on the sieves with small holes (diameter to 2 mm), all this fraction varied from 1.1 % to 2.4 %.

Moisture content has a significant influence on pellet quality and properties. Dry pellets quickly absorb ambient
moisture, may swell, disintegrate and turn into its original state as before granulation. Dry raw materials with a moisture
content of 15-20 % should be used for pellet production, so it is necessary to estimate the granulated pellet moisture content.

Research has shown that moisture contents of the investigated three types of pellets vary from each other, even when
the storing conditions of the pellets were the same. Determined moisture content and density of pellets is presented in Table 1.

Table 1. Moisture content of organic and mineral fertilizer pellets

Raw material of pellets The sample average moisture content, wi=+ Ay, % Pellet density, kg m™
Cattle manure compost 14.66%2.06 | 013?97817;6;33;'\/'
Magnesium silicate serpentine 4.76 £0.36 1215351995 ;Ezié(?ﬁM
e e e

According to the determined data, it can be stated that the maximum moisture content is in organic manure compost
pellets — 14.7+2.06 %, and the lowest is in magnesium silicate serpentine pellets — 4.76+0.36 %.

From the data of Table 1 it can be seen that the biggest density is of mineral fertilizer, magnesium silicate serpentine
pellets — 1255.9 + 324.0 kg m* DM (dry material), and the lowest density is of cattle manure compost pellets —
1038.98+54.93 kg m DM. Finally it could be stated, that all sorts of investigated fertilizer pellets had sufficient high
density, it reached more than 1000 kg m= DM

Determination of pellet resistance to degradation. Compressive resistance (crushing resistance or hardness) is the
maximum crushing load a pellet can withstand before cracking or breaking. We named that dimension compression
strength test. Having performed research in compression strength of three types of granules of mineral magnesium and
organic fertilizers, we received the results that are presented in Fig.1. During the tests, the beginning of deformation of
the force under which a granule is disintegrated was determined in horizontal direction. Results on resistance to the
deformation of the investigated mineral magnesium and organic fertilizers indicate that the highest resistance is the
granules made of Serpentine and manure pellets mixture, they decompose to 550.5 N force, granules of manure pellets
(without serpentine) disintegrate to about two times smaller force — 271.4 N.
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Figure 1. Organic fertilizers and mineral magnesium pellets strength (maximum crushing load) test results
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Cattle manure compost pellets without serpentine strength test of each 5 samples are shown in Fig. 2. When
analysing the deformation curve of 5 samples, we see that the maximum crushing load achieved more than 300 N and
deformation were from 0.1 mm till 0.5 mm. Granules do not disintegrate immediately, that shows elasticity properties.

350 —o6— 1sample
300 —B— 2 sample
—aA— 3 sample
250 —— 4 sample
—O— 5 sample
200 = Average
zZ
g 150
S
L 100
50 @~
0
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8

Deformation, mm

Figure 2. The strength test of cattle manure compost pellets

The mixture of serpentine and manure compost pellets (mixture ratio 1:1) strength test of each 5 samples is shown
in Fig. 3. When analysing the deformation curve of 5 samples, we see that the maximum crushing load achieved more
than 700 N and deformation was also from 0.1 mm till 0.4 mm. Granules disintegrated more quickly, curves were more
broken, which possibly happened because of the impact of the added serpentine.
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Figure 3. The strength test of cattle manure compost pellets with serpentine (mixture ratio 1:1)
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Figure 4. The strength test of pure serpentine
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Investigated the pure serpentine pellet strength test is presented in Fig. 4. From the chart presented in this figure it

can be seen that a granule started to deform under the force of 1.0 N, and under the average force of 16 N it deformed and
disintegrated. Having evaluated the force and its change and low moisture content of the granules (4.8 — 14.7 %), it can
be stated that these granules are not sufficiently resistant to static force and disintegrate too quickly.

The research results show that fertilizer granules made of organic manure and mixture with magnesium silicate

serpentine are of high quality, these granules are sufficiently resistant to compression on a static force, convenient for
storage, transportation, and mechanical spreading in the field.

CONCLUSIONS

1.

There were produced and investigated three variants of fertilizer pellets: cattle manure compost, serpentine and their
mixture (ratio 1:1). The determined pellet moisture content varied from 4.76+0.36 % (serpentine pellets) to
14.74+2.06 % (manure compost pellets).

The investigated fertilizer pellets had sufficient high density, it reached more than 1000 kg m= DM. The highest
density was of serpentine pellets — 1255.9+324.0 kg m DM (dry material), and the lowest density was of manure
pellets — 1038.98+54.93 kg m™ DM.

The fertilizer granules produced of organic manure and mixture with magnesium silicate serpentine are sufficiently
resistant to compression (maximum crushing load achieved 271.4 N and 550.5 N) and they are convenient for storage,
transportation and mechanical spreading in the field. However, granules produced of pure Serpentine are not
sufficiently resistant to static force and disintegrate too quickly.
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