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The benefits of agricultural residues include several opportunities
for processing them into economically products. Therefore, this
study aimed to adapt the cutter-mixer machine “CMM” to

manufacture green-garden residues (GGR) as the form of soil
| green-fertilizer (SGF). This process is the primary step for
converting the GGR into fertilizer by constructing the cut-mixer
machine. The cut-mixer machine (CMM) is tested and evaluated
under three levels of mixing time (5.0, 7.5 and 10 mints) and three
o levels of cut-mixer shaft speeds (60, 90 and 120 rpm). The results
R concluded that the CMM can produce the green-fertilizer (SGF)
at the appropriate levels of the studied variables: 7.5 min mixing
time and the cut-mixer shaft speeds of 90 rpm. Comparing the
calculated values of tracers (moisture and ash content) for the mix
components (St) with the existing materials in the mixture, it was
found that the moisture content decreased by 0.016% and the ash
content decreased by 0.345%. The coefficient of variation for
tracers (MC) and ash percentages were zero values and 1.37%,
respectively. The mixing efficiency was about 99.06%, and the
energy requirement was 7.77 kWh/ton.
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INTRODUCTION
Appropriate management of agricultural residues is the suitable selection of the optimal

and best benefit in social and economic terms during the process and usage (Lutade,

et al., 2020). In Egypt, the quantity of plant residues has reached 25 million tons,
representing approximately 3% of agricultural income and about 5.5% of the value of plant
output in 2019 (Ismail et al., 2021). Furthermore, these residues increased to reach 29.645
million tons during 2021, according to Khidr et al. (2024). This is an indication of the faulty
management of agricultural residues. Gardens and yards residues are representing 20% of the
total green waste. This waste results from the fall of green leaves, especially in autumn or during
tree pruning. Thus, these residues can be used as a valuable natural resource. This is a good
source of organic matter, nutrients and others. While it contains more than 80% of its dry matter
consisting of polysaccharides (Ismail, et al., 2021).

In famous knowledge, the evergreen trees drop their leaves at once, to replace the oldest leaves.
This operation is known in gardens. For this, the tree leaves residues can be used as the best
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green fertilizer. These dropped tree leaves are about 36.980 million tons in the year 2023.
Kumar et al. (2015) clarified that the significant effect of plant residues as nutrients in
ecosystems, especially through decomposition, for preserving soil fertility. Mixed plant
residues have been used to slow the decomposition and release set free. Enhanced soil nutrients
from mixed decomposition surpass individual plant residues. This process involves complex
physical and chemical transformations that impact biological processes. While Qiu et al. (2022)
found that effects plant tissues, tree species and plant leaf tissue sequester carbon in soils.
Which, plant residue chemistry, especially the lignin/N ratio and K content, can affect the
efficiency of microbes utilizing the residue-derived C substrate and the release of dissolved
organic carbon “DOC” from plant residues. That influences the decomposition of the native
soil organic carbon “SOC”. Considering the chemical compositions of plant residues are
allowing for a more accurate estimation of soil carbon dynamics.

To produce green fertilizer essential to reduce the size of tree leaves residues by cutting,
shredding, and/or stripping machines (Hadidi and Ismail, 2006; EI-Gendy et al., 2008; Ismail
et al., 2012; Hande and Padole, 2015; Lutade et al., 2020; Abdelraouf et al., 2024).
Additionally, it needs to integrate with other benefits to function as a comprehensive green
fertilizer. Also, many experimental works have been investigate the effect of mixer design and
various parameters (e.g., powder properties and mixer operating conditions) on the performance
of continuous horizontal mixers (Industrial Mixers (2022), Osorio and Muzzio (2016) and
Pernenkil and Cooney (2006)) using a variety of experimental techniques, such as visual
tracking (VT), positron emission particle tracking (PEPT), particle image velocimetry (P1V),
electrical capacitance tomography (ECT), computed tomography (CT) and magnetic resonance
imaging (MRI) (Huang and Kuo, 2014). Furthermore, Dodo et al. (2024) conducted that the
shredder-mixer machine's throughput capacity was tested using a two-way factorial design.
They studied the variables of operating times (15, 20, 25, and 30 minutes) and speeds (150,
300, 450, and 600 rpm). Napia grass and dry Guinea corn stalks were used in the experiments.
The findings that increased the machine's throughput capacity were done at increased operating
time and speeds.

Biroun et al. (2023) concluded that the change of the mixer filling in horizontal mixers,
followed by a change in the more important factor, is the bulk density of the mixture. Previous
studies have indicated that as the bulk density of the fed powder decreases, the mixer loading
increases (Murioz et al., 2018). This action is also important to note that the mixer filling is
influenced not only by the bulk density of the powder but also by the other rheological
properties. The increase in water amount on particle surfaces gradually increases the particle
contact area and causes the powder to become more cohesive (Harnby et al., 1996 parts 1 and
2). The variety of materials for their dimensions, physical and chemical properties and water
content allowed the main factors influencing the powder rheology. Opalinski et al. (2021)
explained that the static and dynamic conditions of powders composed of fine particles of
hygroscopic nature impact their surface properties. The optimal moisture content favorably
affects the rheology of moist powders; damaging fluctuation is markedly diminished and the
processes with powders handled under low external forces proceed fluidly. To enhance powder
flow, a relatively new method known as interactive mixing is being utilized, which falls under
the category of mechanochemical approaches. The mixing is a multi-parametric process that
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needs optimization of the process values. So that the Design of Experiment (DOE) technique
and response surface methodology (RSM) were used. By identifying the factors that most affect
the fluidity of powders, the mixing process can be improved at the suitable parameters (Thakur
et al., 2014 and Sarnavi et al., 2013). While Suryawan et al. (2022) and Zawislak et al.
(2012) explained that thermogravimetric analysis (TGA)/derived thermogravimetric analysis
(DTG) and water, ash, and heat values were used to analyze the parameters of a mixture of
paper and garden waste that was processed utilizing material flow analysis. A waste paper
shredder was used for this. Paper waste and garden trash were combined and pelletized. There
was a relationship between mixing paper waste and rising calorific value. The water
evaporation, devolatilization, and carbonization reactions caused the mass to decrease in the
TGA/DTG study.

The current study focused on adapting the cutter-mixer machine (CMM) to produce green-
garden residues as a form of soil green-fertilizer (SGF).

MATERIALS AND METHODS

The manufacturing process was implemented within the cutter-mixer machine (CMM) of the
Agricultural Engineering Department, Faculty of Agriculture, Mansoura University and a
special workshop located in Mansoura city, to evaluate the cutting and mixing machine. It was
modified from the machine used by Mostafa (1979) and Ismail (2001) which built,
manufactured, pre-tests, and certified in a workshop in a Dakahlia Governorate from 2020 to
2022. The experiments were done at 2023 at the Farm Machinery Laboratory Research that
constructed by Ismail (2004) as part of outcomes from a project financed by Researching Unit
of Mansoura University.

The modified machine consists of two parts in one cutting and mixing unit (Fig. 1). The
auxiliary parts of the cutter-mixer unit are the power source, transmission system, and frame.
Furthermore, the main parts include the cutting and mixing: hopper, shaft, and knives. The three
coordinate dimensions of the cutter-mixer machine investigated were 900 mm, 720 mm, and
1700 mm for length, width, and height, respectively.

.

255

1- Hopper 2- Pulley
Fig. 1: The sketch and photograph of the cutter-mixer machine “CMM”

The power source: A three-phase motor of 2.237kW and 1500 rpm was used to supply the
rotational speed of the shaft, which carries the knives through the pulleys and belts.

The transmission system: A double pulley with a diameter of 100,130 mm transmits rotation
from the motor to a pulleys of different diameters mounted on the shaft.
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The frame: The box frame with dimensions of 900, 720, and 1700 mm was made of 7 mm
thick steel. On the front wall, the “CM” was supported by two bolts.

The hopper: The hopper has dimensions of 475, 388, and 255 mm, respectively, for depth,
length, and width. It was made from stainless steel of 4 mm thickness.

N

(_
70 mm

Fig 2: The shaft and knives inside the “CM” hopper

Shaft and knives: The shaft of 44 mm diameter with 6 holes around its circumference (120
degrees between each). Each hole is far, about 45 mm, from the other. In each hole the screw
bolt was fit in. The screw bolt is the part of knife. The effective part was shaped like a fork to
cut and mix the tree leaves and the other mixture components. The sides of each finger of fork
tine were sharpened at an angle of 30 degrees. The finger length was 50 mm. The effective part
of fork has 92 x 70 mm length and width respectively.

Component of green-fertilizer (GF)

The green fertilizer mainly consists of three components in addition to water. The first is the
main component, which is the green residue from garden trees as fresh leaves. The second
component is clay. The additions are the main fertilizer components as liquid and water. The
properties and amount of each component can be illustrated as follows:

- Residues leaves: The fresh leaves from garden trees that dropped on the ground were
collected by Collecting-Packing Machine "CPM" (Ismail et al., 2021). The fresh leaves were
separated, and some physical, mechanical, and chemical properties were identified (Table 1).

- Additions materials: The clay with about 15.76% Mc, liquid fertilizer as a major nutrient of
NPK and water were added with the ratios of about 6.5, 1 and 7.5 %, respectively. These
additions provide not only nutrients but also acts as binding materials.

Table 1: Some properties of green-fertilizer components

Component Fresh leaves Clay Water

Element

MC, % 65.33 15.76 100
PH 5.5-6.5 6-6.5 5-7
Ash 87.95 100 0.00
NPK, ppm (13600-200-3700) - -
Bulk density, g/cm?® 0.293 2.43 1.00
Mass ratio, unit 10 5 1
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Laboratory experiments:
The experiments are divided into two parts:

- Construct and test the cut-mixer machine “CMM?” to determine the levels of the studied
variable during mixing the green-fertilizer components. The collected leaves were chopped at
1700 rpm and cutting time of 10 min. Then the mixing operation tested at the studied variables
of:

1- Three levels of cut-mixer speeds (60, 90 and 120 rpm)
2- Three levels of mixing times (5.0, 7.5 and 10.0 min)
3- Three samples from location in mixer (right “R” — middle “M” — left “L”)

- Collect and analyze the cutting-mixing materials to determine the suitable mass ratio to be
added of each. The volumetric ratio of green tree leaves, clay, and water was 10:5:1. The
separate properties for each component and calculate for the mixture resulting in the mixture
moisture content, bulk density and NPK were 52%, 0.387g/m?, and 13600, 200 and 3700 ppm
respectively.

The CMM evaluations embrace:

1- The tracer component (two tracer used) mixture moisture content (MMC, %wb) and ash
component (Ash, %). Three samples for each test were taken to measure, determine and
calculate each of the:

- The moisture content was determined using the oven-drying method.

- The ash content “Ash” was determined using the stove method described by Ismail, (2002)
as follows:

__ (As-Ss)
Ash = e

x 100, % 1)
where:  As = Ash mass in sample (g)

Ss = Stove ash mass in sample (g)

2- The mixing efficiency “Mef” which can be determined using the following formula:

So—S
Mesr =[1- = | 100,% @)
where:
So = Target crude tracer content in sample, decimal
S = Crude tracer content in the tested sample, decimal
Sy - S
= Absolute value
So

3- The bulk density “Bd” and reduction rate of residues volume “Rv” after and before tests
were determined as:

_ww -3
Bd = o~ kgm 3
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R _Vsb — Vsa % 100 %
v= Vsb 0

where: Vs = Volume of sample, (cm?®)
Vsb = Volume of sample before cutting-mixing, (cm?)

Vsa = Volume of sample After cutting-mixing, (cm®)

4- The variance of sample can be calculated using the formula used by Shenoy (2014) as follow:

2 :l=1(ci - CAU)Z
n

SZ_

where: S? = Variance of sample
Ci = The tracer concentration in sample (i), (%)
Cav = The average tracer concentration in sample, (%)

n = Number of samples

5- The quality of mixture can assess by the coefficient of variance according the following formula:

Cov = i (4)
where: Cov = Coefficient of variance of sample
x = Standard deviation of sample
M = Target composition of tracer in sample

6- The consumed energy “Ec” was determined as the following formula:

Energy consumed = 1‘<N_w xC kWhMg! (5)

where: KW = The consumed power, KW

Total d _ V31V cos 67 W
otal consumed power = 1000

V31V cos 07
No load power = ~—1o00 kw

Net consumed power = Total consumed power - Load power, KW
where: W = Productivity of “CMM”, Mg ht.
C = component constant

Mass of the outlet sample (M
_ ple (Mg) Mg.h!

Operating time (h)

RESULTS AND DISCUSSION

1- Effect of mixing time on green-fertilizer moisture content
The percentage of moisture content in each sample is illustrated in Fig (3). The figure shows
that the calculated moisture content “St” was about 52.01%. While in Fig 3-A, the moisture
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content was found in the mixed samples at cutting mixer shaft speed of 60 rpm of 48.0, 49.3,
and 48.0 % at R, M, and L, respectively, and mixing time of 5.0 min. Moreover, the data of
moisture content noted mixing times of 7.5 and 10.0 min were 48.0, 48.7, 48.0, and 49.3, and
49.3, and 45.3 % respectively at different locations in a mixer (R, M, and L) and cut-mixer shaft
speed of 60 rpm. Then Fig (3-B) shows that the average moisture content at mixing times of
5.0, 7.5, and 10.0 min was about 52.22+1.39, 52.00£0.00, and 52.22+0.38% respectively at a
cut-mixer shaft speed of 90 rpm. However, Fig (3-C) illustrates that the corresponding average
data at 120 rpm cut-mixer shaft speeds were 50.44+1.68, 52.00+£0.00, and 51.11+1.02%,
respectively. These results may be due to the balance component of the mixture at all positions
in the mixer. There is no definitive trend in the moisture content of the samples based on their
locations; however, increasing the mixing time results in improved homogeneity of the moisture
content within the sample. The results agree with Ismail (2001), Ismail (2002), Ansuree et al.
(2021), and Opalinski et al. (2021).

2- Effect of mixing time on green-fertilizer ash content

The percentage of ash content in each sample is explained in Fig (4). From the figure, it can be
realized that the calculated ash content “At” was about 40.46%. Whereas, in Fig (4-A) the average
ash content was found in the samples of the mixture at a cut-mixer shaft speed of 60 rpm of
42.26+0.79, 42.77+1.16, and 41.48+3.56% at mixing times of 5.0, 7.5, and 10.0 min, respectively.
At that time, Fig (4-B) shows that the average ash content at mixing times of 5.0, 7.5, and 10.0
min was about 42.52+1.43, 40.60+0.56 and 41.92+0.73%, respectively at a cut-mixer shaft speed
of 90 rpm. However, Fig (4-C) illustrates that the corresponding average data at 120 rpm cut-
mixer shaft speeds were 43.32+1.19, 45.72+0.12, and 46.00+0.53 %, respectively. The all trend
data clearly shows that the nearest form of CMM and the calculated ash content “At” were
established at 90 rpm cut-mixer shaft speed and 7.5 min cut-mixer shaft speed. These results may
be due to the adequate mixing time and speed to obtain the balance component of the mixture at
all positions in the mixer. The results agree with Ismail (2001), Ismail (2002), and Ansuree et
al. (2021).

3- Effect of average cut-mixer speed on green-fertilizer moisture content

The effect of cut-mixer speeds on the average of mixture moisture content was illustrated in Fig (5).
From the figure, the data trend has a positive normal distribution curve. It shows that the highest
average of green-fertilizer moisture content was found at the cut-mixer speed of 90 rpm, which
recorded 52.22, 52.00 and 52.22% at mixing times of 5.0, 7.5 and 10.0 min, respectively.

4- Effect of average cut-mixer speed on ash component in green-fertilizer

Likewise, Fig (6) shows that, at average mixing time, the ash content was 43.99, 42.13, and 40.38%
at the sample positions of (R, M, and L), respectively and cut-mixer shaft speed of 60 rpm. The
conforming average data at cut-mixer shaft speeds of 90 and 120 rpm were 41.62, 41.68 and 41.73%
and 45.46, 44.98 and 44.83%, respectively, at the sample position of (R, M, and L).

Furthermore, the effect of cut-mixer shaft speeds of 60, 90 and 120 rpm was 42.17, 41.68, and
45.01% ash content, respectively. All the trend data indicate that the nearest condition of CMM and
the calculated ash content “At” were established at 90 rpm cut-mixer shaft speed and 7.5 min cut-
mixer shaft speed.
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Fig 4: Mixture ash content via samples
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Fig 5: Effect of cut-mixer speeds on the average of mixture moisture content

The effect of cut-mixer speeds on the average of mixture moisture content was illustrated in Fig (5).
From the figure, the data trend has a negative normal distribution curve. It shows that the highest
average of green-fertilizer ash content was found at the cut-mixer speed of 120 rpm, which recorded
43.32, 45.72 and 46.00% at mixing times of 5.0, 7.5 and 10.0 min, respectively. But the lowest
average of green-fertilizer ash content was found at the cut-mixer speed of 90 rpm, which recorded
42.52, 40.60 and 41.92% at mixing times of 5.0, 7.5, and 10.0 min, respectively.

Generally, the two tracers tested in the present study cleared the best level of the studied
variables is the mixing time of 7.5 min and the cut-mixer shaft speed of 90 rpm. These results
are agreement with Ismail (2001) and Ismail (2002).
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Fig 6: Effect of cut-mixer speeds on the average of ash content

5-The effect of the studied variables on cut-mixer efficiency
The effect of mixing times, cut-mixer speeds, and location of samples on mixing efficiency was
calculated according to Eq. (2) and illustrated in Fig (7). The figure clearly shows that the
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maximum mixing efficiency was 99.90%, considered at 7.5 min of mixing time, 90 rpm of cut-
mixer speeds, and “M” of location of samples. While the minimum mixing efficiency was
84.83%, considered at 10.0 min of mixing times, 120 rpm of cut-mixer speeds, and “L” of
location of samples. However, at the average location of samples, the maximum and minimum
of covariance of 5.04 and 0.33 % were found at mixing times of 5.0 and 7.5 min and cut-mixer
speeds of 60 and 120 rpm, respectively. But at the minimum Cov the mixing efficiency was
87.01% at the average location of samples. Consequently, the appropriate mixing efficiency
may be found at 7.5 min of mixing times, 90 rpm of cut-mixer speeds, and the average of
locations of samples that achieve the Cov of 0.87%. The results agree with Ismail (2001),
Ismail (2002), Marczuk et al. (2021), and Ansuree et al. (2021).
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Fig 7: Effect of mixing times, cut-mixer speeds and location of samples on mixing efficiency

6- The required energy for cut-mixer

The effect of mixing times on energy requirements for the cut-mixer machine at different cut-
mixer speeds was illustrated in Fig (8).
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Fig 8: Effect of mixing times on energy requirements for a cut-mixer machine at
different cut-mixer speeds
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From the figure, it can be realized that a proportion relationship exists between the energy
requirements and both mixing times and cut-mixer speeds. Furthermore, the data show that the
increase in mixing times from 5 to 10 min, the energy requirements increase from 2.59 to 5.18,
5.18 t0 10.37, and 7.77 to 15.55 kW h/ton, respectively, at cut-mixer speeds of 60, 90, and 120
rpm. While the energy requirements increased from 2.59 to 7.77, 3.69 to 11.6,6 and 5.18 to
15.55 KW h/ton, respectively, at increased tine cut-mixer speeds from 60 to 90 rpm at different
mixing times of 5.0, 7.5, and 10.0 min.

CONCLUSION
The results concluded that the cut-mixer machine can successfully produce green fertilizer at
appropriate levels for the studied variables. The optimal parameters include a mixing time of
7.5 minutes and cutter shaft speeds of 90 rpm. Comparisons with the tracers indicated a decrease
in moisture content (MC) of 0.016% and in ash content of 0.345%. The coefficients of variation
for the tracers' MC and ash were 0.00% and 1.37%, respectively. The mixing efficiency
achieved was approximately 99.06%, with energy requirements of 7.77 kWh per ton.

REFERENCES
Abdelraouf, R.E.; A. Saad; Azab, A.E.; Khater, A.E.; EI-Shawadfy, M.A. and M.Fathy (2024).
Improving the performance efficiency of the cutting drum in the agricultural waste cutting
machine. Egypt. J. Agron. Vol. 46, No. 1, pp: 85 — 102.

Ansuree, P; S. Sudajan; C. Junsiri and K. Laloon (2021). Effect of mixing speed and time on
the homogeneity of multi-particle size sugarcane leaves product in horizontal paddle
mixer for pelletized. Bulgarian Journal of Agricultural Science, 27 (No 5), 1009-1019.

Biroun, M.H.; E. Sorensen; J.L. Hilden and L. Mazzei (2023). CFD modelling of powder flow
in a continuous horizontal mixer. Powder Technology 428; 118843, 1-14. journal
homepage: www.journals. elsevier.com/ powder-technology.

Dodo, S.M., Abdulkadir, S.A., Abdulhamid, S. and U.M. Ahmad (2024). Development and
evaluation of a multifunctional agricultural waste shredder-mixer machine. Savannah
Journal of Science and Engineering Technology, 2(4), 173-180.

El-Gendy, H.A.; S.E. Badr and N.K. Ismail (2008). Develop a chopper to produce balance
animal fodder from crop residues. 1% Int. Conf. of Researchers Org. Ag. Res. Center,
"Animal Production Conf." 16-18- Oct.

Hadidi, Y.M. and N.K. Ismail (2006). Size reduction of some vegetable residues using friendly
environmental machine. J. Agric Sci. Mansoura Univ., 31(7): 71-81.

Hande, A.S. and V. Padole (2015). Design and fabrication of portable organic waste chopping
machine to obtain compost. Int J Innov Res Sc Tech, 2(3), 1-8.

Harnby N., Hawkins A.E. and |. Opalinski (1996). Measurement of the adhesional force
between individual particles with moisture present. part 1: A review. Chem Eng Res Des.

Harnby, N.; A.E. Hawkins and I. Opalinski (1996). Measurement of the adhesional force
between individual particles with moisture present. Part 2. A novel experimental
technique. Chemical Engineering Research and Design 74, Part A, 616-626.

MJAE - 11


https://mjae.journals.ekb.eg/?_action=article&issue=56524&sb=2408&_sb=Agricultural+Power+and+Machinery+Engineering
http://www.journals/

AGRICULTURAL POWER AND MACHINERY ENGINEERING

Huang, A.N. and H.P. Kuo (2014). Developments in the tools for the investigation of mixing
in particulate systems - a review. Adv. Powder Technol. 25; 163-173,
https://doi.org/10.1016/j.apt.2013.10.007.

Industrial Mixers (2022). Mixing systems and components for plants. Mixing Division,
www.mixitaly.com.

Ismail, N. K. (2001). Engineering studies on the processing of some agricultural wastes. PhD
Thesis, Agriculture engineering dept., Fac. of Agric., Mansoura University.

Ismail, Z. E.; N.K. Ismail; Z.S. Hamza and M.l. Ghazy (2021). Arbitration Criteria for Garden
Leftovers Pressing and Packaging. Journal of Soil Sciences and Agricultural
Engineering, 12(11), 805-809.

Ismail, Z.E. (2002). The theoretical scope of a rotating agitator mixer to prepare the livestock
alimentation. The 10" Annual conf. of the Misr of Ag. Eng., 16 — 17 October,
Development of Ag. Eng. Tech. in The Arab and Islamic World, 81-94,

Ismail, Z.E.; M.M. Abo-Habaga; N.K. Ismail and A.S. Elsayed (2012). Qualifying of the rice
straw chopping unit. J. of Misr Soc. of Agric. Eng. The 19™. Annual Conference of the
Misr Soc. of Ag. Eng., 14-15 November: 421-430.

Khidr, R.E.; S. Abo Bakr; B. Farrag and R.M. EI-Awady (2024). Agricultural residues and their
utilization as alternative feed resources in Egypt: A Review Article. Issued by The
Egyptian Society of Animal Production (ESAP) Egyptian J. Anim. Prod. 61(3):113-127.

Kumar, I.S. and T.H. Kumar (2015). Design and development of agricultural waste shredder
machine. International Journal of Innovative Science, Engineering & Technology, 2(10),
164-172.

Lutade, S.; N. Lichade; N. Ingole; A. Pantawane; A. Shahu; Y. Dhanvijay and K. Pande (2020).
Design and fabrication of solar operated waste leaf collector and shredder machine.
International journal of innovative research in technology, NIRT, V 6 Issue 12, ISSN:
2349-6002, 291-293

Marczuk, A.; V. Sysuev; A. Aleshkin; P. Savinykh; N. Turubanov and A. Tomporowski (2021).
Theoretical studies of the interaction between screw surface and material in the mixer.
Materials, 14, 962. https://doi.org/10.3390/mal14040962.

Mostafa, M. A. (1979). Effect of some processing conditions on macaroni production. MSc
Thesis, Agriculture Mechanization Dept., Fac. of Agric., Mansoura University.

Muioz, G. S.; A. Butterbaugh; I. Leavesley; L. F. Manley; D. Slade and S. Bermingham (2018).
A flowsheet model for the development of a continuous process for pharmaceutical
tablets: an industrial perspective. AICHE J. 64; 511-525, https://doi.org/
10.1002/aic.15967.

Opalinski, I.; M. Chutkowski; M. Stasiak; K. Les; M. Olechowski and M. Przywaral (2021).
Studies on moisture effects on powder flow and mechanochemical improvement of
powder flowability. Advances in Science and Technology Research Journal, 15(2), 228—
246. https://doi.org/10.12913/ 22998624/135395 ISSN 2299-8624, License CC-BY 4.0.

12 Ismail et al., (2025)


https://mjae.journals.ekb.eg/?_action=article&issue=56524&sb=2408&_sb=Agricultural+Power+and+Machinery+Engineering
http://www.mixitaly.com/
https://doi.org/10.3390/ma14040962
https://doi.org/
https://doi.org/10.12913/%2022998624/135395

AGRICULTURAL POWER AND MACHINERY ENGINEERING

Osorio, J.G. and F.J. Muzzio (2016). Effects of processing parameters and blade patterns on
continuous pharmaceutical powder mixing. Chem. Eng. Process. Process Intensify. 109;
59-67, https://doi.org/10.1016/j.cep.2016. 07.012.

Pernenkil, L. and C.L. Cooney (2006). A review on the continuous blending of powders. Chem.
Eng. Sci. 61; 720-742, https://doi.org/10.1016/ j.ces.2005. 06.016.

Qiu, Q.; H. Wang; Q. Zhang; A.S. Mgelwa; B. Zhu and Y. Hu (2022). Negative priming effect
from tree leaf and root residues with contrasting chemical composition. Geoderma 427,
116118.

Sarnavi, H.J.; N. Mohammadi; M. Motlagh and R. Didar (2013). Dem model of wheat grains
in storage considering the effect of moisture content in direct shear test. Research Journal
of Applied Sciences, Engineering and Technology 5(3):829-841.

Shenoy, P. (2014). Dry mixing of spice powders - investigation of effect of powder properties
on mixture quality of binary powder mixtures. PhD Thesis, University College Cork.
Type of publication Doctoral thesis Rights © 2014, Pooja Shenoy. - http://
creativecommons.org/licenses/ bync-nd/3.0/ Download date 2025-02-01 05:12:40 Item
downloaded from https://hdl. handle.net/10468/2064

Suryawan, 1. W. K.; I. Y. Septiariva; E. N. Fauziah; B. S. Ramadan; F. D. Qonitan; N. L. Zahra
and J.W. Lim (2022). Municipal solid waste to energy: palletization of paper and garden
waste into refuse derived fuel. Journal of Ecological Engineering, 23(4), 64-74.

Thakur, S.C.; H. Ahmadian; J. Sun and J.Y. Ooi (2014). An experimental and numerical study
of packing, compression, and caking behavior of detergent powders. Particuology.

Zawislak, K.; P. Sobczak and A. Weldycz (2012). Mixing as ccp in the production of industrial
feed “Proces mieszania jako ccp w produkcji pasz przemystowych”. Journal of central
european agriculture, 2012, 13(3), p.545-553, DOI: 10.5513/JCEA01/ 13.3.1088.

MJAE - 13


https://mjae.journals.ekb.eg/?_action=article&issue=56524&sb=2408&_sb=Agricultural+Power+and+Machinery+Engineering
https://doi.org/10.1016/j.cep.2016.%2007.012
https://doi.org/10.1016/%20j.ces.2005.%2006.016
https://www.researchgate.net/journal/Research-Journal-of-Applied-Sciences-Engineering-and-Technology-2040-7467?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/Research-Journal-of-Applied-Sciences-Engineering-and-Technology-2040-7467?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19

AGRICULTURAL POWER AND MACHINERY ENGINEERING

Liaal) Jaldl) g adadl) A aladiody il dled) gz LS|

") 38 Clag) ¢ due L] (5 pd AU L0 ¢ JasLana) aad) ) LSS

e c'&J}sa.'uJ\ daala cz\.i‘_\_))l\ i< c:\:\c\J‘}S\ gl (-.\.ws.l Pras KW
e ol dae 3l Eugaall S e el )l duaigl) s gma oy saad) Auigh) alad O ga andly Gy )
paa 3y geaiall daala Aol 3l IS e 1 Anaigl (-.\MSJ Ofiale Atk r

2 padlal)
ClaiiaS Liallaal 3adie ajd Giad 8 4l )l cldlaall Xl Jia
"CMM " Lalal 5 adadl) i dae ) g M) Al yall o ¢y jall 13gd 5 Apalial
8 shall Aleall oda 228 Ay jill jumdl dlenS o) juadll Gilaal) il £luy
Aalall g adadll A1 ol JOA (e sl ) o) puadl) cildlaall Jy satd dpulY)

Al GLY) ki ddes ey dlend) G S aliy adadl) dall o685 Cus |

J gac QL‘:_)»: %) Q\.U:\m Iﬁ)dj "@\EJ Yo, (V,0 o, " LAY %)
alasiiul (el ) gl cuals MAEgA 85550 1Y 58 (T L)
i pitall Ll Gl sl wie pumd¥) sleud) Ly Llallg adadll A
‘;SJJJ q. Ll;l\  gas 3\.::_).\.‘:) caﬁ:éd \’,0 PAEN] L}AJ ‘;Qj sz\.u}JAAJ‘
Male N5 skl (5 simall Aagiiall o gall af 4 jlie ie Gu M AaAA
oalad) Jas b o glaalls 00 ga gall 2 gall & St Ldal) b Sl 4 gl
Ol Jaloe (IS 5 070,780 Ay el 7005 0 )T sy (3 9da 1) (5 gl
Lalall 5ol il g /), ¥V 5 o, 0 e alallg & gha ) (5 siadll dagiidll o gall

Ob/Asls @l s LSV, VY A8l clllie g 749,07 s

Aadlre 2385 rlaall E gy aiad 8 Lpmadil) (358 A3 aladind 2xy (Gl
Aol 5 A8l 5 48 se

dynolldlaall
duclypl dwaiml)

wUgal pudyilt
1687-384X (print) 2636-3062 (online)
nps:/mjae journals.ekb.eg/

Lo, dtigll & peaal) Uaal) ©
sAaliial) el

3 gall €3 ganll ey ¢dalal) (e )
¢ehalil) 3 leS cJayldl) ¢dayiial)
Aslal) bl

14

Ismail et al., (2025)


https://mjae.journals.ekb.eg/?_action=article&issue=56524&sb=2408&_sb=Agricultural+Power+and+Machinery+Engineering

