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ABSTRACT

An appropriate machine prototype was developed and evaluated for
densification of rice straw with molasses into animal feed blocks, to enable efficient
utilization of rice straw, and to improve the feed bulk handling, transportation, and
storage properties. The machine prototype involved two main parts namely: hydraulic
press and compactor parts (mold, rammer and free base). The feed raw material
samples were densified under the effects of four pressure levels (24.52, 34.32, 44.13
and 53.94MPa), two geometrical mold shapes (cube and cuboid), four molasses
content levels (4, 6, 8 and 10%), and three moisture content levels (about 10.32,
13.41 and 16.58%, w.b.) by a piston-mold process. The properties of the densified
animal feed blocks were illustrated with respect to bulk density, densification degree,
resiliency, durability and stiffness. Also the performance of densification machine
prototype was evaluated in terms of its productivity and cost unit. Results indicated
that, the optimum conditions for producing good quality densified feed blocks, were
obtained by applying hydraulic pressure of 53.94MPa, molasses content of 10% and
straw moisture content of 16.58%. As densification process was carried out
respectively in cube and cuboid molds under these variable levels, the ?roduced feed
blocks, exhibited respectively: bulk densities of 659.87 and 632.04kg/m", densification
degrees of 281.41 and 265.32% and resiliency indicates of 8.35 and 10.03%. The
results also indicated that, the highest durability values of 99.27 and 96.92% were
respectively obtained for both densified cube and cuboid blocks at moisture content of
10.32%, compression pressure of 563.94MPa and molasses content of 10%. At the
same mentioned densification conditions, the highest block stiffness values (385.22
and 380.86N), were respectively obtained for both densified cube and cuboid blocks.
For choosing a proper geometrical mold shape, the results reveled that the densified
cube blocks were high stability compressed blocks compared to cuboid blocks. The
average productivity of the investigated feed block formation equipments was 60 feed
block/h (45kg/h), while, the machinery unit cost was about 8.144LE/h (0.18097LE/kg).

INTRODUCTION

Crop production in Egypt has achieved new feats. This has
simultaneously led to increased production of crop residue (e.g. rice straw),
which are usually considered as waste despite their huge potential for
utilization as fuel, feed and chemicals. The major problem associated with the
residues is their low bulk density, which causes a serious problem in their
handling and transportation. This leads to the problem of residue disposal
during the harvest season. Consequently, most farmers prefer to burn them
in the field, which leads to environmental pollution and loss of income that
could otherwise be realized through their potential use. It is, therefore, felt
that densification of these residues to an economical level is very important
for their further use. There are several densified technologies like briquetting,
pelleting and baling which are in use in Egypt. However, these processes
have been found to be useful for crop residues only to a limited extent. In a
hunt for a better process, animal nutrition experts, through much research
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have suggested that the crop residue could profitably be used as animal feed
by mixing with diet supplements like concentrates, molasses and mineral
mixtures and densifying the mixture (AbouElmaged et al., 2003; AboSalim
and Bendary, 2005 and Ghanem et al., 2005). However, lack of a suitable
machines for crop residues densification into animal feed blocks. O'Dogherty
and Wheeler (1984) studied the compression of straw and grass in the closed
dies at pressures in the range of 12-31MPa and established a pressure
density relation for the straw and reported the optimum moisture content for
the wafer formation as 10-20% (w.b.). Ferrero et al. (1990) reported that the
pressure-density behaviour of wheat, barley and rice straws of different
moisture contents during compression in a cylindrical die at pressures of 20-
100MPa. It was also reported that up to 6MPa pressure range, the
relationship between density and pressure was linear, beyond which
nonlinear relationship appeared. Durability or abrasive resistance test
simulates either mechanical or pneumatic handling. These tests can help
control the densification process and, thus, block quality in the feed
manufacturing industry. In the feed industry, high durability means high
quality blocks (Kaliyan and Vance Morey, 2009). Al-Widyan et al. (2002)
studied the quality of the densified products in terms of briquette/pellet
durability and stability. Highly durable and stable pellets/briquettes are less
susceptible to breakage during handling, transportation and storage. A
durability index is determined to simulate the ability of pelleted and cubed
material to withstand the impact force and vibration generated during
handling. Stability is the ability of the product to maintain its initial dimension
and shape. Ndiema et al. (2002) reported that there was considerable
influence of the die pressure on the size and form of briquettes. For a given
die size and storage condition, there was a maximum die pressure of 80MPa
beyond which no significant gain in the cohesion of briquette could be
achieved. Singh et al. (2002) reported a minimum 4-5 times increase in bulk
density of roughage-based feed materials, with an increase in compression
pressure from 21 to 42MPa during the densification process in the form of
blocks. Compaction is the process of densification that decreases the pore
size and porosity and causes particle rearrangement by means of impact
energy. The compaction of agricultural residues is a value adding process.
Compaction of straw from different crops, with additives of molasses,
minerals, concentrates and other diet supplement, into animal feed blocks
and pellets is highly useful in animal nutrition management, transportability
and storage. Nutritionally, molasses is used as an energy source. Molasses
is a useful ingredient for improving the palatability/digestibility of the diet and
serving as a binder. In pellets or blocks production for animal feed, binders
are allowed but need to be specified as part of the final product. Examples of
good binding materials are molasses, starch, fish waste, manure and maize
or wheat bran. Compaction of fodders and straws into large blocks could
save the storage space and ftransportation cost by the same factor as
achieved in the compaction process (Sarwar et al., 2002; Khan et al., 2003
and Tumuluru et al., 2010). Therefore, the general objective of the present
study was to manufacture and evaluate the densification performance of local
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equipments for animal feed block formation from rice straw, while the specific

objectives were:

- Develop a vertical hydraulic press with a piston/mold parts as densification
machine prototype.

- Determine the optimum conditions for densification, with respect to applied
hydraulic pressure level, moisture level, molasses additive level and also
the geometrical shape of formation mold.

- Evaluate some the physical properties of the compressed blocks.

- Estimate the productivity and unit machinery cost of feed block formation
equipments.

MATERIALS AND METHODS

The developed densification machine prototype was developed based
on the principle of hydraulic compression for making feed blocks. Whereas, a
vertical hydraulic press with a piston-mold equipments were used as the
compactor.

Hydraulic press, molds and rammers:

A hydraulic press is a machine using a hydraulic cylinder to generate a
compressive force. The Japanese type hydraulic press (Model No., HP-50E)
was used in this work. It consisting of a cylinder fitted with a piston that uses
fluid (hydraulic oil) under pressure to exert a compressive force upon a
stationary anvil or base plate. The fluid is forced into the cylinder by a pump.
Hydraulic press include four legs mounted on a pair feet connected at the
bottom by a cross brace. It has loads capacity to apply pressure up to
58.48MPa (600kg/cm2). Molds and rammers were manufactured to form the
animal feed blocks. They were accomplished at private workshop in
Kafrelsheikh governorate, Egypt. Two geometrical shapes of mold namely:
cube and cuboid were used in this research. Molds were built from iron sheet
with 4mm thick. The dimensions of the cube mold was (17x17)cm of cross-
sectional area and 15cm high. Four cubic molds were formed and were
constructed as one unit to produce four blocks of animal feed at the same
time. While, the cuboid shaped mold with cross-sectional area of
(12x24.083)cm and 15cm high. Also, Four cuboid shaped molds were formed
and were fabricated as one unit to produce four blocks with each other. Two
molds (cube and cuboid) have equal values from the calculated area and
total volume. The plungers were constructed of the welded steel angles
(50x50)mm with four rammers from flat iron sheet (5mm thick) to fit into the
compaction molds for load application. The vertical load was applied
manually on the sample until the desired pressure level was achieved. The
pressure was read off the dial of a pressure gauge. The block samples were
made by compressing the rice straw/molasses with a piston and molds
assembly. These procedures are done by placing the molds on the table of
the hydraulic press, aligning the plungers/rammers with the location on the
molds where the procedure needs to be done and placing the piston into
motion (manually) and the procedure is accomplished (Figs. 1, 2 and 3).
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1- Pressure. 4- Rammer. 7- Free base.
2- Pressure plate.  5- Cube molds.
3- Plunger. 6- Cuboid molds.

Fig. 1: Engineering drawing of the cube and cuboid molds.

Fig. 2: Photographs view of the cube and cuboid molds.
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Fig. 3: Schematic diagram of the hydraulic press with cube

molds.
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Raw material:

Rice straw (Sakha 101 variety) samples were collected and dried in a
solar dryer (passive aeration type) until they reached to desired moisture
contents (of about 10.32, 13.41 and 16.58%, w.b.). the dried straw samples
were chopped into about 1-3cm segments to be tested in all the experimental
treatments. Different proportions of sugarcane molasses (4, 6, 8 and 10%,
from mass of rice straw) were mixed with rice straw for various its moisture
content. It was regarded that, the maximum molasses content was kept such
that no oozing of molasses was caused through application of high pressure
level. To study the optimum conditions for densification and also the
compression characteristics for rice straw with molasses, special regime of
experiments were carried out during the year of 2014 at Rice Mechanization
Center, Meet El-Deeba, Kafrelsheikh Governorate, Egypt.

Investigated variables:

The plan of the group of experiments was essentially designed and carried

out to acquire some indicators which judge the piston-mold process by the

hydraulic press. Those indicators are the physical characteristics of the

compact blocks, such as bulk density, densification degree, resiliency,

durability and stiffness under the investigated variables. The Investigated

variables and their levels were as follows:

- Two geometrical shapes of mold namely: cube and cuboid;

- Four compression pressures of 24.52, 34.32, 44.13 and 53.94MPa;

- Four molasses content of 4, 6, 8 and 10%. and,

- Three moisture content of rice straw of about 10.32, 13.41 and 16.58%,
w.b.

Measurements:

Moisture content of rice straw:

The moisture content of rice straw was determined before densification
process, using the oven method (at about 70°C to constant mass) according
to ASAE standard, 1998.

Bulk density of feed blocks:

Bulk density is an indicator of savings in storage area, transportation
space and cost of blocks. The bulk density of the compacted blocks was
calculated with the sample mass and the measured volume in each
treatment. The volume was determined by the cross sectional area and
thickness variables of the blocks. The thickness of blocks, which varies
during post-compression recovery, after 24h was used to calculate the stable
density of blocks according to Singh, et al., 2005 and Jha et al., 2008. The
bulk density of the un-compacted samples (initial bulk density) of the
chopped rice straw was evaluated at different levels of molasses content and
moisture content. The average determined initial bulk density was about
173.01i1.384kg/m3. The un-compacted density was used for the
comparisons with the bulk density of the corresponding compacted blocks.
Densification degree of feed blocks:

Degree of densification is defined as percent increase in density of
blocks due to compressing. Degree of densification represents ability of
material to get bind, that degree was determined according to Ghorpade and
Moule, 2006, using equation, 1.
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- Bulk density of feed block - Initial bulk density .. 1
Densification degree= — - x100,%
Initial bulk density

Resiliency of feed blocks:

After the block was removed from the compaction mold, the resiliency
(length recovery) was measured with time, varying from 5min to 24h.
Resiliency indicates the elastic property of the material. It was determined as
the ratio of increase in thickness to the initial thickness of the block (equation,
2). The thickness of the blocks, which varied with time, was measured initially
at 5min intervals up to 30min and then after 24h according to the method of
Singh, et al., 2005 and Jha et al., 2008.

Resilienc _ Thicknessof stabilized block - Initial thickness of block 1005 «-seen- )
y= Initial thicknessof block 70

Durability of feed blocks:

Durability is the most important aspect of block quality. It means the
ability of blocks to withstand the rigors of handling and delivery without
breaking-up (Payne, 2006). The durability of blocks was determined
according to ASAE standard, 1998. The tumbling device was used for testing
purpose under 40rpm for three minutes and after 24h from forming blocks.
The durability index was calculated by using the following equation:

Durability index= Mass of sound block after tumbling 100.% (3)
UraDIlIty INGeX =" 265 of block beforetumbling 0

Stiffness of feed blocks:

Stiffness reflects the degree of binding. It was measured as the
maximum force (Newton) recorded while the dry feed block was broken by a
portable stiffness tester (Model, 174866-Kiyo-Seisakusho, L.T.D, Japan).
Productivity:

The productivity of formation equipments was determined with the
average mass (or number) of the feed blocks and the calculated densification
time.

Cost:
- Fixed costs:
a- Depreciation:

Declining balance method was used to determine the depreciation
(Hunt, 1983). In this method the depreciation value is different for every year
of the machines life (hydraulic press and molds combination). Depreciation
value was determined by using the following equation:
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D=V,-V,,. LE f N T (4)

V. =P (#j CLE YT oo, (5)
L X n+l

V,,=P| —— CLE YT (6)

Where:

D value of depreciation charged for year, (n+1);
P purchase price, LE ;
L time between buying and purchasing, Yr ;
n number representing age of the machine in year at the beginning of
year,;
remaining value at any time and
ratio of depreciation rate for used machine (the maximum rate is 1.5).
b- Interest on investment, shelter taxes and insurance: They were

estimated as 17.5% of the remaining value.
- Variable costs:

Variable costs include the cost of repairs and maintenance, hydraulic

oil and labor. For machinery, repairs and maintenance is about 5.77% as a
percent of purchase price.
Machinery unit cost: It calculated by using the following formula:

. . Total cost
Machineryunitcost=—————— ,LE/ton ... (7)
Productivity

x <

RESULTS AND DISCUSSION
Bulk density of feed blocks:

Fig. 4 illustrates the effect of compression pressure, molasses content
and rice straw moisture content for both cube and cuboid molds on bulk
density of feed blocks. For cube mold, it can be observed that, the increase in
compression pressure from 24.52 to 53.94MPa leads to increase the blocks
bulk density from 260.48 to 346.67, from 315.24 to 401.56 and from 384.48 to
477 .46kg/m® with molasses content of 4% and rice straw moisture content of
10.32, 13.41 and 16.58%, respectively. Also, the same increase in
compression pressure increased the blocks bulk density of cuboid mold from
254.03 to 320.23, from 298.79 to 395.11 and from 382.45 to 470.01kg/m3 at
the same above mentioned conditions, respectively. The same trend was
obtained with other molasses content for cube and cuboid molds.

In the same manner, for cube mold, the increase of rice straw moisture
content from 10.32 to 16.58% leads to increase the blocks bulk density from
260.48 to 384.48, from 281.86 to 433.76, from 302.58 to 454.18 and from
346.67 to 477.46kg/m3 with molasses content of 4% and compression
pressure of 24.52, 34.32, 44.13 and 53.94MPa, respectively. Also, the same
increase of rice straw moisture content increased the blocks bulk density of
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Fig. 4: Effect of compression pressure, molasses content and rice
straw moisture content on block bulk density for cube and
cuboid molds.
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cuboid mold from 254.03 to 382.45, from 267.51 to 405.64, from 298.13 to
447.73 and from 320.23 to 470.01kg/m3 at the same above mentioned
conditions, respectively. The same results were obtained with other molasses
content for cube and cuboid molds.

On the other hand, for cube mold, the increase of molasses content
from 4 to 10% leads to increase the blocks bulk density from 260.48 to
373.52, from 315.24 to 440.42 and from 384.48 to 524.23kg/m3 with
compression pressure of 24.52MPa and rice straw moisture content of
10.32, 13.41 and 16.58%, respectively. Also, the same increase of molasses
content increased the blocks bulk density of cuboid mold from 254.03 to
371.51, from 298.79 to 426.46 and from 382.45 to 508.88kg/m® at the same
above mentioned conditions, respectively. The same trend was obtained with
other compression pressure for cube and cuboid molds.

Briefly, it was noticed that the highest values of blocks bulk density of
cube and cuboid molds were found to be 659.87 and 632.04kg/m’,
respectively, at compression pressure of 53.94MPa, molasses content of
10% and rice straw moisture content of 16.58%. Comparing the highest
values of blocks bulk density for cube and cuboid molds, the results showed
that, the value of block bulk density for cube mold was higher than that of
cuboid mold by 4.4% at the same above mentioned conditions. In the
opposite side, the lowest values of blocks bulk density of cube and cuboid
molds were reached 260.48 and 254.03kg/m3, respectively, at compression
pressure of 24.52MPa, molasses content of 4% and rice straw moisture
content of 10.32%. Comparing the lowest values of blocks bulk density for
cube and cuboid molds, the data showed that, the value of block bulk density
for cube mold was higher than that of cuboid mold by 2.5% at the same
above mentioned conditions.

Eventually, for both cube and cuboid molds, the increase in
compressibility of rice straw with increasing molasses and moisture contents
has been attributed to the increase in cohesion and adhesion force between
the compressed material due to increased formation of liquid bridges
between the particles, also rice straw become softer and therefore deform
more when they adsorb moisture. In addition, more of the void space is
expelled when pressure is increased, hence the increase in compressibility.
The results indicated that, the cube mold was found to be the most
appropriate for high stability compressed blocks, this may be due to pressure
distribution of cube mould on cross-sectional area was better than cuboid
mould.

Densification degree of feed blocks:

The influences of compression pressure, molasses content and rice
straw moisture content for both cube and cuboid molds on densification
degree of feed blocks are shown in Fig. 5. General trend was observed
where, the blocks densification degree increased by increasing the
compression pressure at constant molasses content and rice straw moisture
content. For cube mold, it can be observed that, the increase of compression
pressure from 24.52 to 53.94MPa leads to increase the blocks densification
degree from 50.56 to 100.38, from 82.21 to 132.10 and from 122.23 to
175.97% with molasses content of 4% and rice straw moisture content of
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Fig. 5: Effect of compression pressure, molasses content and rice
straw moisture content on block densification degree for
cube and cuboid molds.
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10.32, 13.41 and 16.58%, respectively. Also, the same increase of
compression pressure increased the blocks densification degree of cuboid
mold from 46.83 to 85.09, from 72.70 to 128.37 and from 121.06 to 171.67%
at the same above mentioned conditions, respectively. The same trend was
obtained with other molasses content for cube and cuboid molds.

For cube mold, the increase of rice straw moisture content from 10.32
to 16.58% leads to increase the blocks densification degree from 50.56 to
122.23, from 62.92 to 150.71, from 74.89 to 162.52 and from 100.38 to
175.97% with molasses content of 4% and compression pressure of 24.52,
34.32, 44.13 and 53.94MPa, respectively. Also, the same increase of rice
straw moisture content increased the blocks densification degree of cuboid
mold from 46.83 to 121.06, from 54.62 to 134.46, from 72.32 to 158.79 and
from 85.09 to 171.67% at the same above mentioned conditions,
respectively. The same results were obtained with other molasses content for
cube and cuboid molds.

In the same manner, for cube mold, the increase of molasses content
from 4 to 10% leads to increase the blocks densification degree from 50.56 to
115.90, from 82.21 to 154.56 and from 122.23 to 203.01% with compression
pressure of 24.52MPa and rice straw moisture content of 10.32, 13.41 and
16.58%, respectively. Also, the same increase of molasses content increased
the blocks densification degree of cuboid mold from 46.83 to 114.73, from
72.70 to 146.49 and from 121.06 to 194.13% at the same above mentioned
conditions, respectively.

In general, it was noticed that the highest values of blocks densification
degree of cube and cuboid molds were found to be 281.41 and 265.32%,
respectively, at compression pressure of 53.94MPa, molasses content of
10% and rice straw moisture content of 16.58%. Comparing the highest
values of blocks densification degree for cube and cuboid molds, the results
showed that, the value of block densification degree for cube mold was
higher than that of cuboid mold by 6.1% at the same above mentioned
conditions. On the other hand, the lowest values of blocks densification
degree of cube and cuboid molds were reached 50.56 and 46.83%,
respectively, at compression pressure of 24.52MPa, molasses content of 4%
and rice straw moisture content of 10.32%. Comparing the lowest values of
blocks densification degree for cube and cuboid molds, the data showed that,
the value of block densification degree for cube mold was higher than that of
cuboid mold by 8% at the same above mentioned conditions.

Resiliency of feed blocks:

Data presented in Fig. 6 illustrates the impact of compression
pressure, molasses content and rice straw moisture content for both cube
and cuboid molds on feed blocks resiliency. For cube mold, it can be
observed that, the increase of compression pressure from 24.52 to 53.94MPa
leads to decrease the blocks resiliency from 25.35 to 21.41, from 23.88 to
19.94 and from 19.45 to 15.48% with molasses content of 4% and rice straw
moisture content of 10.32, 13.41 and 16.58%, respectively. Also, the same
increase of compression pressure decreased the blocks resiliency of cuboid
mold from 28.04 to 23.53, from 26.12 to 22.26 and from 22.20 to 17.34% at
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the same above mentioned conditions, respectively. The same trend was
obtained with other molasses content for cube and cuboid molds.

In the same manner, for cube mold, the increase of rice straw moisture
content from 10.32 to 16.58% leads to decrease the blocks resiliency from
25.35 to 19.45, from 23.65 to 17.72, from 22.75 to 16.82 and from 21.41 to
15.48% with molasses content of 4% and compression pressure of 24.52,
34.32, 44.13 and 53.94MPa, respectively. Also, the same increase of rice
straw moisture content decreased the blocks resiliency of cuboid mold from
28.04 to 22.20, from 26.39 to 19.79, from 24.98 to 18.89 and from 23.53 to
17.34% at the same above mentioned conditions, respectively. The same
results were obtained with other molasses content for cube and cuboid
molds.

On the other hand, for cube mold, the increase of molasses content
from 4 to 10% leads to decrease the blocks resiliency from 25.35 to 19.57,
from 23.88 to 18.17 and from 19.45 to 13.64% with compression pressure of
24 52MPa and rice straw moisture content of 10.32, 13.41 and 16.58%,
respectively. Also, the same increase of molasses content decreased the
blocks resiliency of cuboid mold from 28.04 to 21.86, from 26.12 to 19.73 and
from 22.20 to 16.09% at the same above mentioned conditions, respectively.
The same trend was obtained with other compression pressure for cube and
cuboid molds.

Generally, it was noticed that the lowest values of blocks resiliency of
cube and cuboid molds were found to be 8.35 and 10.03%, respectively, at
compression pressure of 53.94MPa, molasses content of 10% and rice straw
moisture content of 16.58%. Comparing the lowest values of blocks resiliency
for cube and cuboid molds, the results showed that, the value of block
resiliency for cube mold was less than that of cuboid mold by 16.7% at the
same above mentioned conditions. In the opposite side, the highest values of
blocks resiliency of cube and cuboid molds were reached 25.35 and 28.04%,
respectively, at compression pressure of 24.52MPa, molasses content of 4%
and rice straw moisture content of 10.32%. Comparing the highest values of
blocks resiliency for cube and cuboid molds, the data showed that, the value
of block resiliency for cube mold was less than that of cuboid mold by 9.6% at
the same above mentioned conditions.

Durability of feed blocks:

Fig. 7 explains the blocks durability as affected by compression
pressure for both cube and cuboid molds at different levels of molasses
content and moisture content of rice straw. For cube mold, it is conceivable
that, the increase of compression pressure from 24.52 to 53.94MPa tends to
increase the blocks durability from 93.02 to 96.68, from 92.07 to 94.85 and
from 89.73 to 93.28% with molasses content of 4% and rice straw moisture
content of 10.32, 13.41 and 16.58%, respectively. Also, the same increase of
compression pressure increased the blocks durability of cuboid mold from
91.03 to 93.98, from 88.82 to 92.87 and from 87.74 to 90.72% at the same
above mentioned conditions, respectively. The same trend was obtained with
other molasses content for cube and cuboid molds.

From the previous data it is evident that, for cube mold, the increase of
rice straw moisture content from 10.32 to 16.58% tends to decrease the
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Fig. 7: Effect of compression pressure, molasses content and rice
straw moisture content on block durability for cube and

cuboid molds.
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blocks durability from 93.02 to 89.73, from 94.08 to 90.86, from 94.99 to
91.81 and from 96.68 to 93.28% with molasses content of 4% and
compression pressure of 24.52, 34.32, 44.13 and 53.94MPa, respectively.
Also, the same increase of rice straw moisture content decreased the blocks
durability of cuboid mold from 91.03 to 87.74, from 92.08 to 88.34, from 92.99
to 89.23 and from 93.98 to 90.72% at the same above mentioned conditions,
respectively. The same results were obtained with other molasses content for
cube and cuboid molds.

Moreover, for cube mold, the increase of molasses content from 4 to
10% tends to increase the blocks durability from 93.02 to 95.79, from 92.07 to
94.59 and from 89.73 to 92.84% with compression pressure of 24.52MPa and
rice straw moisture content of 10.32, 13.41 and 16.58%, respectively. Also,
the same increase of molasses content increased the blocks durability of
cuboid mold from 91.03 to 93.79, from 88.82 to 92.61 and from 87.74 to
90.19% at the same above mentioned conditions, respectively. The same
trend was obtained with other compression pressure for cube and cuboid
molds.

Briefly, it was observed that, the highest values of blocks durability of
cube and cuboid molds were found to be 99.27 and 96.92%, respectively, at
compression pressure of 53.94MPa, molasses content of 10% and rice straw
moisture content of 10.32%. Comparing the highest values of blocks
durability for cube and cuboid molds, the results showed that, the value of
block durability for cube mold was higher than that of cuboid mold by 2.4% at
the same above mentioned conditions. In the opposite side, the lowest values
of blocks durability of cube and cuboid molds were reached 89.73 and 87.74,
respectively, at compression pressure of 24.52MPa, molasses content of 4%
and rice straw moisture content of 16.58%. Comparing the lowest values of
blocks durability for cube and cuboid molds, the data showed that, the value
of block durability for cube mold was higher than that of cuboid mold by 2.3%
at the same above mentioned conditions.

Stiffness of feed blocks:

Data presented in Fig. 8 illustrates the effect of compression pressure,
molasses content and rice straw moisture content for both cube and cuboid
molds on feed blocks stiffness. For cube mold, it can be observed that, the
increase of compression pressure from 24.52 to 53.94MPa tends to increase
the blocks stiffness from 371.24 to 380.32, from 365.42 to 374.79 and from
358.46 to 367.92N with molasses content of 4% and rice straw moisture
content of 10.32, 13.41 and 16.58%, respectively. Also, the same increase of
compression pressure increased the blocks stiffness of cuboid mold from
367.41 to 375.63, from 360.93 to 368.45 and from 354.85 to 362.96N at the
same above mentioned conditions, respectively. The same trend was
obtained with other molasses content for cube and cuboid molds.

From the previous data it is evident that, for cube mold, the increase of
rice straw moisture content from 10.32 to 16.58% tends to decrease the
blocks stiffness from 371.24 to 358.46, from 374.19 to 361.62, from 377.81 to
364.75 and from 380.32 to 367.92N with molasses content of 4% and
compression pressure of 24.52, 34.32, 44.13 and 53.94MPa, respectively.
Also, the same increase of rice straw moisture content decreased the blocks
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Fig. 8: Effect of compression pressure, molasses content and rice
straw moisture content on block stiffness for cube and

cuboid molds.
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stiffness of cuboid mold from 367.41 to 354.85, from 369.85 to 357.64, from
372.34 to 359.63 and from 375.63 to 362.96N at the same above mentioned
conditions, respectively. The same results were obtained with other molasses
content for cube and cuboid molds.

On the other hand, for cube mold, the increase of molasses content
from 4 to 10% tends to increase the blocks stiffness from 371.24 to 375.95,
from 365.42 to 369.94 and from 358.46 to 363.70N with compression
pressure of 24.52MPa and rice straw moisture content of 10.32, 13.41 and
16.58%, respectively. Also, the same increase of molasses content increased
the blocks stiffness of cuboid mold from 367.41 to 372.35, from 360.93 to
365.45 and from 354.85 to 359.86N at the same above mentioned conditions,
respectively. The same trend was obtained with other compression pressure
for cube and cuboid molds.

Generally, it was observed that, the highest values of blocks stiffness
of cube and cuboid molds were found to be 385.22 and 380.86N,
respectively, at compression pressure of 53.94MPa, molasses content of
10% and rice straw moisture content of 10.32%. Comparing the highest
values of blocks stiffness for cube and cuboid molds, the results showed that,
the value of block stiffness for cube mold was higher than that of cuboid mold
by 1.1% at the same above mentioned conditions. In the opposite side, the
lowest values of blocks stiffness of cube and cuboid molds were reached
358.46 and 354.85N, respectively, at compression pressure of 24.52MPa,
molasses content of 4% and rice straw moisture content of 16.58%.
Comparing the lowest values of blocks stiffness for cube and cuboid molds,
the data showed that, the value of block stiffness for cube mold was higher
than that of cuboid mold by 1% at the same above mentioned conditions.
Productivity and Machinery unit cost:

For all operating conditions, the time to produce four blocks was about
0.0666h at one time, and the average mass of the feed block was about
0.75kg. So, the average productivity of the investigated feed block formation
equipments was 60 feed block/h (45kg/h). The feed blocks production cost
using the hydraulic press with the molds combination are listed in Table 1. As
shown in the table, the estimated unit cost of the feed blocks using the
formation equipments was 8.144LE/h, whilst the production cost per kg of raw
material was 0.18097LE.
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Table 1: Cost estimation for the hydraulic press with molds
combination.

Assumptions:
Price of the hydraulic press and molds combination, LE 4000
[Time to produce four blocks, h 0.0666
Number of the feed blocks per hour 60
IAverage mass of feed block, kg 0.75
Operation hours, h/Yr 2000
Total fixed cost, LE/h 0.5079
Depreciation cost, LE/h 0.2550
Interest, taxes, insurance and shelter cost, LE/h 0.2529
Total Variable cost, LE/h 7.6365
Repair and maintenance cost, LE/h 0.0115
hydraulic oil cost, LE/h 0.1250
Labor cost, LE/h 7.5
Machinery unit cost:
LE/h 8.144
LE/kg 0.18097
LE/ton 180.97
CONCLUSIONS

The following conclusions were drawn from this study:

- A combination of compression pressure of 53.94MPa, molasses content of
10% and 16.58% moisture content of rice straw was optimum. Under the
optimum settings of the variables, for cube and cuboid molds, the feed
blocks produced had a bulk density of 659.87 and 632.O4kg/m3,
densification degree of 281.41 and 265.32% and resiliency of 8.35 and
10.03%, respectively.

- For cube and cuboid molds, the highest values of blocks durability were
found to be 99.27 and 96.92%, respectively, at 10.32% moisture content of
rice straw, 53.94MPa compression pressure and 10% molasses content,
and also the highest values of blocks stiffness were 385.22 and 380.86N,
respectively at the same previous conditions.

- Comparing between the two geometrical shapes of mold, the cube mold
was found to be the most appropriate for high stability compressed blocks.

- The average productivity of the investigated feed block formation
equipments was 60 feed block/h, while the machinery unit cost was about
8.144LE/h.
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