13 EYEC

Scientific articles 25

6 Scientific articles
6.1 The effect of recycle amount on the
properties of organic fertilizers
Gabija  Aleksaityte*i, (Odeta Pocieng, Rasa
Slinksiens
1. Kaunas University of Technology, Kaunas,
Lithuania

e-mail: gabija aleksaityte@kiu edu
KEYWORDS: technology, organic fertilizers, buckufeat
grots waste, recycle

Abstract

Food and agriculture waste generated worldwide
poses significant challenges, as decomposing waste
releases substantial amounts of gas, contributing to
climate change. One way to address this issue could
be the use of organic waste from the food industry for
fertilizer production. Granulated organic fertilizers
would not only help reduce waste and emissions but
also improve soil fertility. During the industrial pro-
duction of such fertilizers, some granules do not meet
the required size and must be retumed to the process
as recycle. This recycle can affect the properties of the
final product, and its use requires additional techno-
logical equipnent. In this study, biomass, buckwheat
husks, buckwheat husk ash—which contains plant
nuteients (C, N, P, K, Ca, Mg, Zn, Fa, Mn, Cu)—molas-
ses solution, beaten eggs, and polvvinyl acetate were
used for organic fertilizer granulation. The obtained
results show that the highest amount of commercial
granules was produced with 30% and 40% recycle;
however, recycle does not significantly change other
properties of fertilizers. Fertilizer granules were plas-
tic or had a static strength between 7.03-
10.05 N/ granule, because the strength depends on the
nature of solid raw materials and especially the liguid
binder. The bulk density of fertilizers ranged from
322 kg'm? to 429.0kg-m?, and the pH interval was
6.9-13.6, depending on the composition of the raw
material mixture.

Introduction

Agricultural industries have always been the founda-
tion of global food production, with fertilizers playing,
a key role in increasing crop vields (Sutton etal, 2013).
Fertilizers provide essential nutrients for plant growth
and development, with the most important being nitro-
gen (), phosphorus (F;0c), and potassiom (K0)
However, the excessive use of concentrated mineral fer-
tilizers is linked to harmful impacts on ecosystems
(Javed et al, 2022} Soil degradation, loss of organic
malter, reduction in microorganisms, erosion, and de-
clining festility pose significant challenges to sustaina-
ble farming, underscoring the need for more efficient

and sustainable fertilizer use (Rov et al, 2006; Bune-
viciene eb. al., 2021). Farmers must strive to achieve
high vields while minimizing their negative envison-
menital inpact, in line with the goals of the Green Deal.

Innowvations such as nutrient recycling, biofertiliz-
ers, and improved nutrient use efficiency are becom-
ing increasingly important. According to the World
Bank, waste generation is projected to increase by 70%
by 2050 (The World Bank, 2018). The Food and Agri-
culture Organization (FAQ) reports that global food
waste amounts bo 1.6 billion tons, including 1.3 billion
tons of edible waste (FAQ, 203). When biodegradable
waste decomposes in landfills, it releases methane, a
potent greenhouse gas that contributes to climate
change.

Onee solution is to recycle organic waste from food
industries, crop residuees, and animal by-products into
fertilizers. Organic fertilizers improve soil structure,
fertility, and water retention, supporting sustainable
agriculture and reducing reliance on synthetic fertiliz-
ers (IFA, 2021). Recycling waste into fertilizers repre-
sents a significant step toward reducing the environ-
mental impact of waste and promoting a circular
ecanomy. This process includes compaosting and other
conversion methods, transforming waste into nubri-
ent-rich fertilizers for agricultural use.

While traditional methods such as composting,
vermicomposting, and pyrolysis are common, they
have limitations (Karps et al, 2017; Greinert et al,
2019). Composting, for example, releases greenhouwse
gases, and the inconsistent composition of compost
makes direct application less effective. Therefore, pro-
ducing granulated fertilizers with consistent composi-
tion and added value is a better option. These granules
can be applied evenly using standard spreading
equipment (Le Capitaine, 2023).

Granulation combines various raw materials con-
taining essential plant nutrients to create a balanced
and effective fertilizer. This process converts pow-
dered materials into 2-5 mm granules, making them
easier to handle. However, the process is complex,
and obtaining high-quality granules often requires
process improvements, including the reuse of gran-
ules that do not meet size specifications. These gran-
ules, known as "recvele,” can improve product prop-
erties when used properly.

Materials

In this study, the waste materials used were sourced
from the Lithuanian company “Ekofriza”, a buck-
wheat groats producer. The main materials included
uncleaned biomass (BM), buckwheat husk (BH), and
buckwheat husk ash (BHA). These materials contain
essential nutrients such as carbon (C), nitrogen (N},
phosphorus (P}, potassium (K), calcium (Ca), magne-
sium (Mg), zinc (£n}, iron (Fe), manganese (Mn), and
copper (Cu). They were combined with binders such
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as molasses solution (MS), beaten eggs (BE), and pol-
yvinyl acetate (FVA) to produce organic fertilizers.

The properties of the granulated fertilizers, includ-
ing particle size distribution, granule strength, bulk
density (loose and compacted), moisture content, and
PII, Were arml}'m:d u:lins_ starndardized labnrabnr}'
methods,

Methodology
Granulation was performed using a laboratory drum
granulator-dryer (Figure 1.). Depending on the mix-
ture’s thermal stability, the temperature was main-
tained at 30-60"C or 70-80 "C. The drum was inclined
at a 5% angle and rotated at 20 rpm.

Moisture content was measured using a KERN MLS
50-3HALS0N electronic moisture analyser (Germany).

Particle Size Distribution of raw materials and
granulated products was determined using a set of
sieves with different mesh sizes. Different fractions
were weighed to an acouracy of £0.001 g using KERN
EW/EG-[IN) electronic scales (Germany).
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Figure 6.1.1 Laboratory drum granulator-dryer. 1= granula-
for dromg 2 = raw material vend; 3= Pru]lrl:din:l'urguupen-
ing; 4 = blades; 5 = electric motor; 6 = gearwheel; 7 = support
roller; B = hot air mpp]}-; 9= I:hr:mup]n; 10 = comtrol
panel; 11 - tilt anghe lock.

pH values of 10% fertilizers agqueous solutions
were determined by dissolving samples in distilled
water and filtering the suspension through a 2-3 um
filter. Measurements were made using a HANNA In-
struments pH 211 microprocessor pH-meter (LISA).

Static Granule Strength was measured using the
IPG-2 device {Russia) on 2-3 mm and 3-4 mm gran-
ules. At least ) pranules of similar size and shape
were tested for each fraction.

Bulk density was determined by weighing an
empty cylinder, then filling it with granules and meas-
uring the weight difference. For the tapped density,
the cylinder is subject to vibrations and compaction
occurs until constant volume. The calculated mass dif-
ference between the empty cvlinder and the cylinder
with material is equal to the mass of tapped material
per volume unit.

Scanning electron microscopy (SEM) whit elec-
teon microscope model S-3400N, (Japan) was used to
determined surface morphology of organic fertilisers
analysis.

Results

Even though fertilizers are produced indwstrially in
large quantities and granulation processes are wsually
well known, the development of new fertilizers re-
quires additional research and equipment improve-
ments. To produce high-quality, stable fertilizers,
many different factors (raw materials properties, mois-
ture content, granulator parameters, process condi-
tions) play an important role (Muranda, 2018; Wood-
roaf, 2021). Therefore, this work attempted to evaluate
the numerous factors mentioned and determine thiir
influence on the organic fertilizers. Since organic ma-
terials are not inherently plastic or polar, their particles
exhibit weak adhesion and cohesion forces. As a result,
agglomeration is poor, making the use of binders es-
sential for granulation. Organic fertilizers were pro-
duced from biodegradable raw materials (BHA, BH,
BM), combined in different ratios with birders [PV A,
BE, M5) and 20%, 30% , 40% recycle (R). For the granus-
lation of bulk organic fertilizers, mixtures of raw mate-
rials with four different compositions were prepared,
using the mentioned solid materials, liquid binders,
and recycle. These fertilizers were dried, fractionated,
and their physical properties evaluated.

The dependence of the amount of the commercial
fraction (granule size 2-4 mm) of the granular product
on the amount of recycle used in the raw material mix-
ture and the moisture content of this mixture is pre-
sented in Figure 6.1.2. Other properties characterizing
the quality of thee fertilizer are presented in Table 6.1.1.
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Table 6.1.1 Properties of the bulk organsc fertilizer

2-' Conditions of granulation process The main properties of ferfilizers
é’ Amount of Amount of Crushing strength uemjri‘ff jianu tes Humidity of pH u_l’_lﬂ'-'iu
d | reeycler) binder (%) e m— —— granules () | (SRR
1 {Nfgranmle) Bulk lapped snlution
L A BHA : 60% BM + FVA (Binder
1 S{.0} 750 3369 11.40 132
2 0 487 3124 3337 12.58 131
3 474 EILIE.] iZ1.8 11.72 s
4 50.0 709 393.0 15.08 136
5 30 487 Flaztic I64.1 i51.1 13.30 13.2
& 474 WET 288 1238 32
7 487 508 373z 1338 il
B 40 474 ME3 3727 1295 13
9 A 3359 3657 11.15 13
IL 20" BHA : B0% BM + PV A (Binder)
10 512 3236 366 2084 Al
11 20 50.0 B3 342 1777 833
12 487 A7 3104 16,65 92
13 51.2 417.2 429.0) e ey 9.1
14 30 50.0 Plastic 769 3978 1848 92
15 487 136.5 611 16490 9.5
16 512 405.2 4152 2146 98
17 40 50.0 726 IE1E 1819 101
18 487 64.2 LT 17.18 10.5
L1 20% BHA : 40¢% BH : 40% BM R + BE (Binder)
19 474 7 1534 Fry 1143 6.9
20 0 A6 7.8 A6E 216 10.22 74
21 444 .13 2768 2BR0) 4931 73
2 487 9.44 HAd R4 11.17 72
3 30 474 542 M54 3633 954 6.9
M A6 7.9 1105 3301 R16 75
5 474 | 1984 3645 a9 73
26 40 A6 E.6d) M1 507 055 75
7 4.4 10.05 3111 3271 B38 73
IV, 20% BHA : 407 BH : 40% BM + M5 (Binder)
i 50.0 3264 M7 10.55 74
9 20 487 9.2 3315 4.H1 73
3 474 W63 i3dd Ll 74
31 50.0 3393 i54.2 1163 7.0
32 30 487 Plastic 1364 i51.5 11.00 72
i3 474 I26.7 M2 952 72
H 50.0 355.2 14 13.71 74
s 40 487 1379 I58.1 .23 7.1
36 474 312 290 041 7.

40
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Figure 612 The influence of the humidity and the amount of recyele in the raw material mixture on the amount of the commer cial

fraction: a - compsition IV,

I composition I (solid materials BHA, BM, R, and
F¥A solution as the liquid binder), the highest com-
mercial fraction (35.07%) with 20% recvele and mois-
ture content of 52.22% was obtained in sample 2. With
3% recycle, the highest commercial fraction (44.78%)
was obtained in sample 5 where the moisture content
was 53.11%. Using 40% recvcle resulted in the highest
commercial fraction (4536%) in sample 9, despite the
moisture being lower than that of the other samples.
Other properties were influenced by moisture level
and changed consistently.

I cornposition I, using the same raw materials but
in a different ratio, a similar trend was observed. A
higher commercial fraction correlated with an in-
crease in the amount of recycle wsed: 43.21% (20% re-
cycle, 538.90% moisture), 6344% (30% recycle, 34.00%
muoisture), ard 71.75% (40% recycle, 53.10% moisture).
However, when 40% recycle was used, the binder's ef-
fect became inconsistent, and increasing the binder
quantity did not necessarily improve granulation.

In composition I, where BH was added to BHA,
BM, and R, and BE was used as a binder, the highest
commercial fraction was obtained in samples 23 and
27, Samiple 23 (30'% recycle) had 37.62% moisture and
yielded 72.18%, while sample 27 (40% recycle) had
37.02% meoisture and yvielded 71.45%. When 20% recy-
cle was used (sample 20, the marketable fraction was
lower (62.69%) with 38.30% moisture. In accordance
with the conclusions of other scientists (Walker, 2003;

Szluc, 2024), it can be stated that the amount of com-
mercial fraction of fertilizers and the strength of gran-
ules depend on both the nature of the binder and the
amount of liquid phase used. BE, a strong binder, was
used here, making this composition’s granules the
only ones with measurable static strength (7.03-
10.05 Ny granule).

In composition IV, BHA, BM, BH, and R were used,
moistened with MS. A consistently high commercial
fraction (~78-79% ) was achieved regardless of the re-
cycle percentage. Sample 34, with 40% recvecle and
42.24% moisture, yielded the highest fraction
(F9.083%). The pH of these compositions was neutral
due to the high biomass content and the properties of
the molasses solution binder.

It can be said that the granules obtained in all com-
positions except I1I are plastic. This means that they
would not break up into smaller particles during
transportation, which is an undesirable process
(Wondroof, 2021). However, on the other hand, they
may stick together because they are very humid. Also,
due to their chemical composition, the granules are
heterogeneous and porous (Figuee 3), so they may
start to mould when stored in a humid environment.
Muore research is needed to solve these problems, but
we assume that the quality of the granules could be
improved by changing the drying conditions and
coating them with conditioning agents.

41
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Figure 6.14 Scheme of arganic bertilizer production with necycle

After evaluating the obtained results and the pa-
rameters of the pranulation process, an organic ferti-
lizer production scheme was created, which is pre-
sented in Figure 6.1.4

In conclusion, the use of recycle and binders signif-
icantly affects the granulation process and the quality
of the final product, with 30-40% recycle often provid-
ing the optimal balance for high comnvercial fractions
and consistent properties.

Conclusions

The results showed that using recycle especially 30
and 40%, resulted in a high amount of commercial
fraction in all compositions. The highest commercial
feaction vield, approximately B0%, was obtained in
composition IV (20% buckwheat husk ash, 40% buck-
wheat husk, 40% biomass, and molasses solution as a
binder), regardless of the amount of recycle wsed.
However, other properties, such as pH, density of
granules, and static strength, were more influenced by
the composition and type of raw materials, as well as
the binder's amount and type, than by the recycle. The
pH of the first composition was highly alkaline (13.1-
13.6) due to the high ash content, whereas the secomnd
composition had a lower pH {8.0-10.35). The third and
fourth compositions had nearly neuteal pH values
(6.9-7.5). Granules in the first, second, and fourth
compositions were plastic, while those in the third
composition  exhibited  static  strength  (7.03-
10.05 N/ granule), infleenced by the beaten egy
binder. The loose bulk density of geanules across all
compositions ranged from 2322 to 417.2 kg-m? and
their tapped density, ranging from 2390 o
429.0 kg-me®, indicated that the gramules were light-
weight.
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