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ABSTRACT

Exploitation of magnesium oxide-based solid waste to prevent soil pollution: in the

industrial zone of western Addis Ababa.

Solomon Gizaw

Addis Ababa University, 2015

The Present study focused on the use of magnesium oxide based boards and agrostone

panel scraps as a filler in magnesium oxide board so that the solid waste i.e. magnesium-

oxide based scraps can be properly managed and further damage on the environment being

prevented. The scrap is taken from the scrap yard and crushed with a jaw crusher then three

types of samples were prepared using 0%, 50% and 100% recycled material as mineral

filler. The mix proportion of the common MOC cement were maintained and the dolomite

filler is partially or fully replaced by the powder recycled material(the new filler).After it is

mixed and let to cure for 7 days, the common physical properties namely tensile,

compressive and flexural bending strength were determined with the help of computerized

testing machines with ASTM testing procedures, Results of 17.3MPa , 28MPa and

25.5MPa become the tensile, compressive and flexural bending strength test values

respectively of the sample that uses 50% recycled waste as a filler which is far better than

the product’s standard. Besides, properties like moisture absorption, screw grip force and

combustibility were also under test. The test result showed the optimum use of the recycled

board scrap in the mix brings positive outcome not only on the integrated solid waste

management plan but also on the improvement of the product feature generally.
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1. INTRODUCTION

The use of recycled material and its impact in the production of magnesium oxide

based material like agrostone panel and magnesium oxide boards is studied in the

present research. These products namely magnesium oxide board and agrostone panel

are used in the construction sector for several years in the Far East and North America

(A K Misra and Renu mathur 2007) but it is recently introduced in Ethiopia by Ybel

industrial PLC who is considered as a pioneer in the production and consumption of

these products to build a prefabricated house in a very short period of time at a

comparable cost. The technology basically involves the use of these light weight

products in a unique installation technique for each type of product which has ultra-

high competence in terms of time (Hewlett 1998). Magnesium oxide board and

Agrostone panel are fire proof, water proof, impact resistant and are light in weight

(Montle and Malyan 1974; Thompson 1976). The former is used for interior and

exterior wall cladding, partitions, and ceilings while the later is also used as a facade

and partition walls that can stand by its own. Both use the special type of non

Hydraulic cement known as MOC or Magnesium Oxychloride Cement as a binder for

the other aggregates and reinforcements in the composite material (Timothy and

Lee1996).

Homes and other types of structures are fabricated from a variety of materials.

Typical materials include, for example, gypsum wallboard and silicate-based products.

Conventional gypsum wallboard, while generally satisfactory for its intended use,

unfortunately can be easily and permanently damaged from water, fire, or blunt force

(e.g., a chair knocking into the wall). Also, it has been reported that products that

contain silicate in some situations are harmful to humans.
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Therefore, there is a need for a construction board that provides improved resistance

to water, fire, and blunt force damage, while maintaining many of the positive

characteristics provided by conventional gypsum boards. In accordance with an

exemplary embodiment of the invention, a construction board is formed from a

composition having the following ingredients: magnesium oxide, magnesium chloride,

a binding agent (e.g., perlite), water, and wood shavings or recycled board scraps. The

construction board also includes fibreglass and/or polypropylene sheets on opposite

sides of the construction board.

Magnesium Oxide board is a “low tech” and “energy-friendly” product. CO2 is

high on the list of “greenhouse” gases, which are said to contribute to the global

warming phenomenon recently. The production of this board is simple, energy

efficient, and produces few “greenhouse” gases. This aspect of Magnesium Oxide

board makes it a ‘green’ / eco-friendly product. (George Swanson, Oram Miller and

Wayne Federer, 2008).

Magnesium Oxide boards are harder than drywall, and are somewhat like the

Portland cement board used in bathtub enclosures. It is ‘worked’ in a manner like a

combination of drywall and cement boards. It can be scored and snapped, although it

is stronger than drywall and requires a bit more effort. It can be cut with a power saw,

drilled-through and fastened like other similar boards. As when sawing Portland

cement boards, dust is created and thus precautions against inhalation need to be taken,

but the dust itself is basically inert. It’s an easy-to-install product. Like any sheathing

board, MgO board can absorb water but its performance is unaffected(J Curr.

Chem.Pharm. Sc;2(3),2012)

MgO board is more flexible than Portland cement boards and less flexible than

drywall. Thin sheets of MgO board can be bent or warped to follow gentle curves. It
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is not as brittle as Portland cement boards, but “edge distance” (closeness of fasteners

to the edge of a sheet) is an issue in using certain types of fasteners. For instance, it

can be nailed, but the hammering of the surface by the tool when setting the nail can

damage the surface, although the nail itself does not. It’s basically like drywall or

cement boards, in terms of ease-of-installation. (Raugei M, Ulgiati S, Cherubini F,

2008).

The production process of MgO board releases remarkable amount of bi

product during the trimming process and the bi product is not properly managed as

solid waste in Ybel industrial factory, located 17kms from Addis Ababa in an

industrial zone near to Gefersa water reservoir. Since the production of this material

starts in the last 4 years and the production quantity was low the problem had not been

sever. However, the product is found to be an alternative to that of the conventional

buildings and practiced on huge governmental projects and by small scale contractors

recently. Consequently Ybel industrial and other competitors are clearly on the way to

maximize their capacity to the fullest soon to cope up with the rising demand. Despite

the fact that different researches were done related to the enhancement of the different

features of magnesium oxychloride cement the use of recycled magnesia based

products as a mineral filler is not assessed ,even though it is going to be a serious

problem soon in the area the study conducted. Therefore this research focused on the

positive outcomes expected to happen out of the utilization of the recycled material as

the environment prevails the removal of such kind of substance from the factory site,

in this case from the place near to Gefersa water treatment plant. In the other hand

utilization of the waste helps to encash the waste as it retains the money allocated for

the disposal of the solid waste to the dump site that is expected to be very far from the

factory premises.
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2. OBJECTIVE

2.1. GENERAL OBJECTIVE

 The Primary Objective of the Study is to set a clear solid waste management

plan for the bi product of magnesium oxide board and Agrostone panel production

process.

2.2. SPECIFIC OBJECTIVE

 The Study is set to consider the economical as well as environmental benefit

that comes out of the use of the crushed and powdered bi product that is termed as

recycled material.

 Discover the impact of using recycled magnesium oxide board on the quality

of the control product.

3. RATIONALE OF THE STUDY

In the process of producing magnesium-oxide based products a lot of bi products are

evolved. These bi products can be taken as solid wastes. The waste is slightly soluble,

incombustible and not quickly degradable besides it has large volume –to- mass ratio.

The amount of waste that comes of the factory depends on the amount of product

produced. As production increases the waste increases tremendously.

Ybel industrial PLC that is engaged in the production of magnesium oxide based

products currently working far less than 1/3 of its capacity, however it delivers 2.3 m3

of solid waste daily or 2,153m3 of waste annually. Meanwhile there is already a large

deposit of this non biodegradable solid waste that is estimated to exceed a volume of

10,000m3 exposed to the environment. Eventhough the waste is not proven to be toxic
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to human beings yet; it does not support growing of plants. The effect of some

additives added to the paste during the production process pronounced when the bi

product is exposed to continuous wet and dry condition in the open field as shown in

the figure below. Therefore it brings unwanted results like contaminating the ground

water and the drainage to the Gefersa water reservoir that is very near to the factory

site. So it is clear that the accumulation of these chemicals over time have adverse

effect if measures are not taking right now on the spot.

Fig 1: Agrostone waste at factory site

On the other hand the factory is now decided to boost its capacity and maximize

production. Consequently it is obvious that the amount of waste to occur is going to be
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tripled and become a threat to the factory and the environment around since the waste

has to be managed and thereby incurs expenses. At present the waste takes up huge

area that is supposed to be used for other purposes.

Fig 2: Magnesium oxide board waste at the temporary disposal area

For instance, in order to get rid of the existing waste there are two alternative.

The first alternative is to eliminate the waste out of the factory premises and dump to

other sites by trucks. If the operation is to be undergone at a time it needs above 200

dump trucks, but both magnesium oxide board and Agrostone panel scraps which are

magnesium oxide based material wastes have an inherent and very important property

of having large volume –to- mass ratio, or are very light weighted building material,
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therefore the process is too expensive to carry on as it occupies large space but having

less mass. The second alternative is to crush it into powder and use it again but study

is not done and there is a prejudice that the recycled material deteriorates the quality

of the product.

4. RESEARCH QUESTION

This research intends to find out how crushed and powdered magnesium oxide based

construction material bi product (waste), which is going to be used as a mineral filler,

brings positive impact on the product. The positive outcomes thought to be resulted

from one of the hypothesis listed below or the combination of all.

Hypotheses 1: The slightly excess magnesium oxide during the formation of sorrel

cement or magnesium oxychloride cement also manifested in the bi product (waste)

so that the crushed and powdered waste can be able to make the product tougher.

Hypotheses 2: The finely chopped fibreglass in the waste can add up strength to the

product as it is uniformly distributed during raw material mixing.
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5. LITERATURE REVIEW

In 1867, Sorel announced the discovery of excellent cement formed from the

combination of magnesium oxide and magnesium chloride solution. This cement type

is known by many different names, such as Sorel, Magnesite, magnesia, oxychloride,

chemoxy and magnesium oxychloride cement. This cement has many superior

properties to Portland cement. It is a high strength, high bonding and quick setting

cement with high early strength. It does not need wet curing, has high fire resistance,

low thermal conductivity, good resistance to abrasion. It also has high transverse and

compressive strengths, 7,000- 10,000 psi are not uncommon. It is a tough, stone like

fire proof water resistant compound that can be used for interior as well as exterior

wall cladding. Magnesium oxychloride also bonds very well to a variety of inorganic

and organic aggregates, such as, fly ash, saw dust, wood floor, marble floor, sand and

gravel, giving a cement that has high early strength, insecticidal properties and is

unaffected by oil, grease and paints. It is eco-friendly cement and does not require any

heat, light or energy source for its setting. The preparation process of MOC cements

can not only save a lot of energy but also emit no carbon dioxide.

The use of MgO goes back many centuries, almost to the Pyramids. It was

originally used to make mortars for masonry construction. Nowadays, in many

countries, MgO is often used for mortars. In North America, Portland cement is used

most of the time. The modern use of MgO to make sheathing panels goes back several

decades. MgO boards have been used in Asia and the Middle East on many large,

world-class projects, particularly for partitions and fire walls. This new-to-us type of

sheathing has a long, successful track record. MgO boards come in various forms. The

thinnest boards are about 1/4-inch thick, while the thickest are about an inch. Sheet

sizes are similar to those of drywall. Various surface finishes are available for MgO
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board. Some are super smooth and paintable, while others are rougher and better

suited for non-aesthetic purposes, such as structural sheathing or a tile backer board,

or for the application of thick coatings. Various types of magnesium cement are

already known but the most relevant to this invention being sorrel cement.

In the production of sorrel cement, high grade Magnesite or magnesium Oxide

is calcined to form reactive magnesium oxide. If the calcined temperature is raised to

15000c or higher, a non reactive product called dead burned magnesia is obtained.

This product finds application in blast furnaces and in the refractory applications. It

lacks mechanical strength, however, and is not used where significant mechanical

strength is required. It is not used in sorrel cement if on the other hand temperature of

calcining are reduced to not less than 7500C.(and quite commonly 9000C) reactive or

caustic magnesia is produced. This material has useful mechanical strength although

when in maintained in a moist condition for long periods of time, it is very slowly

converts to basic magnesium carbonate. This reaction is much slower than

corresponding reaction involving quick lime or hydrated lime, and many years are

required to achieve a stable mechanical strength.

Caustic magnesium oxide produced by calcining Magnesite at temperatures below

7500C and 15000C will; however, react at ambient temperature with moderately

concentrated solutions of magnesium chloride to produce sorrel cement. Sorrel

cement made in this manner is frequently erroneously referred to as magnesium

oxychloride cement. Magnesium sulphate has been substituted for magnesium

chloride to produce cements of lesser mechanical strength and severe shrinkage

characteristics which have been erroneously referred to as magnesium oxysulphate

cement. The term magnesium oxychloride implies a formula Mg-O-Cl. since these

products produce hydrogen chloride on heating in a dry atmosphere, this formula is
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obviously incorrect. Consequently some writers have given the so called magnesium

oxychloride components the formula MgO-HCl.

The main bonding phases found in hardened cement pastes are Mg (OH)2, 3 Mg

(OH)2.MgCl2.8H2O (3-form) and 5 Mg (OH)2.MgCl2.8H2O (5-form). 5-form is the

phase with superior mechanical properties and is formed using a molar ratio of MgO :

MgCl2 : H2O = 5 : 1 : 13 with a slight excess of MgO and the amount of water as

close as possible to theoretical required for formation of the 5-form and hydration of

the excess MgO to form Mg(OH)2

5.1 CHEMISTRY OF MOC

This cement is manufactured by mixing magnesia with magnesium chloride solutions

in well-defined proportions to produce the magnesium oxychloride, which is the

bonding phase. The investigation of the system MgO-MgCl2-H2O by some authors1-5

phases highlights the complexity of the Sorel cement chemistry because of the large

number of parameters affecting the nature and the quality of the reaction products

between magnesium oxide and magnesium chloride solution.

The main bonding phases found in hardened Sorel cement are 5Mg (OH)

2.MgCl2.8H2O (form-5) and 3Mg (OH) 2.MgCl2.8H2O (form-3). This is in agreement

with previous research works, stating that form-3 and form-5 are the only stable

phases in the system MgO-MgCl2-H2O. (Metkovic and Young 1973; Soloeva et al

1974; Sorel and Armstrong 1976; Mathur et al 1984; Deng and Zhang 1999).

The first, because of its crystallization in a well-formed needle like crystals has

superior mechanical properties and is formed using a molar ratio of MgO:MgCl2:H2O

= 5:1:13 according to the global reaction (1). The theoretical formation of form-3

corresponds to a molar ratio of MgO:MgCl2:H2O = 3:1:11 according to the global

reaction (2).
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5Mg0+MgCl2+13H2O 2Mg3(OH)5Cl.4H2O (1)

3Mg0+MgCl2+11H2O 2Mg2(OH)3Cl.4H2O (2)

A parallel or competitive reaction is the hydration of magnesium oxide due to the

presence of excess water according to the chemical equation (3).

MgO + H2O Mg (OH)2 (3)

The presence of Mg (OH)2 indicates a low quality magnesium oxychloride and in

some cases the Form-5 phase is transformed at later stages to the form-3 with

mechanical strength decrease. Some authors attribute the late appearance of the form-

3 phase to the reaction between the Mg (OH)2 obtained from reaction (3) and the

unreacted MgCl2 present in the mortar under some conditions. In our experiments we

observed this transformation of phases in some caustic magnesia’s produced from

microcrystalline type Magnesite. Over a period of time, atmospheric carbon dioxide is

possible to react with magnesium oxychloride to form a surface layer of Mg

(OH)ClCO3.3H2O that is able to limit the Sorel cement water sensibility.

Sorel investigates that samples with composition near 3.1.8 (form-3) showed a

marked tendency to form the chlorocarbonate Mg (OH)2.MgCl2.2MgCO3.6H2O.

Through our own research work on the subject we concluded that the appearance of

chlorocarbonate is not correlated with the existence of the form-3 phase and its

formation could be possible from both magnesium oxychloride phases (form-3 and

form-5) according to the following global chemical equations:

3Mg (OH)2.MgCl2.8H2O + 2CO2 Mg (OH)2.MgCl2.2MgCO3.6H2O+4H2O (4)

5Mg (OH)2.MgCl2.8H2O + 2CO2 Mg (OH)2.MgCl2.2MgCO3.6H2O+4H2O (5)

Dry atmospheric conditions eliminate the water produced and favor the

chlorocarbonate formation, reaction (5) generates the very white Mg(OH)2, which

could appear as white shadows on the Sorel cement surface. (Cole and Demediuk
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1998) also reported that both forms change after long periods of time to the above

mentioned basic magnesium chlorocarbonate. The influence of this phase formation

on mechanical and other Sorel cement properties has not been investigated yet.

5.2 PROPERTIES OF MOC

The very good properties of magnesium oxychloride phases (form-5) in association

with the properties of the aggregates and other raw materials used allow the

production of Sorel cement with unique properties for various applications such as

industrial floors. In the following table typical values of Sorel cement compositions

for industrial floors and other applications are listed.

PROPERTY VALUE

Compressive strength at (28 days) = 40-100 N/mm2

Flexural tensile strength at (28 days) = 10-17 N/mm2

Surface hardness = 50-250 N/mm2

E-Module = 104 N/mm2

Thermal conductivity = below 0,7 w/mk

Electrical conductivity = 103-105 0hm

Chemical resistance, Resists to:

- Organic solvents

- Fuels

- Oils and grease

Not resistant to:

- Acids

- Bases

- Water

Specific weight 1, 50-2,10g/cm3
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Dimensions stability Δ< 0,2%

Surface fluctuation < 2mm/m

Flame retardant properties

Magnesium oxychloride decomposes at high temperature through several steps.

According to the experimental thermal decomposition TGA-DTA value a large

quantity of energy is absorbed and high amount of water is released. From this point

of view MOC could be considered as an inorganic flame-retardant agent on the same

way as the well-known commercial products ATH and Mg (OH)2 and products with

MOC are fire resistant.

Due to their exceptional properties, which I tried to synthesize here below,

Sorel cement floors have been widely adopted as an optimum solution in industrial

constructions. In certain industrial sectors and / or cases, sorrel cements floors

constitute the unique solution to the extent that they fulfil a multitude of requirements.

Multi floor buildings, reconstruction of old and decrepitated cement floors are just a

few examples. It is also important to point out that various types of Sorel cement

floors are presently offered aiming at meeting specific customer requirements. This

variety is achieved by differentiating the basic Sorel cement composition and also by

altering the combination and the proportions of the various aggregates and special

additives used. To mention an example Sorel cement floors exist with low thermal

conductivity close to wooden floors.

Panorama of Sorel cement floor properties

The functional point of view:

Sorel cement floors are functional because:

· They have excellent adhesion and they can be quickly laid on any substrate
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· Their thickness can be from less than 5mm to over 5cm

· They acquire high early strength

· They are uniform in their mass and joint less

· They do not need wet curing

· They require low maintenance and are quickly and simply repaired.

The performance / specifications points of view:

Sorel cement floors have controlled performance because:

· They are highly resistant to shocks, can receive heavy weight and are practically

weariless, because of their high compression and flexion strength as well as abrasion

resistance.

· They are resistant to fuels, solvents, grease, non acidic oils and paints.

· They have excellent electrical and low thermal conductivity.

· They are incombustible and fire resistant.

The eco-Friendly and comfort point of view:

Sorel cement floors are eco-friendly because:

· They are non toxic, inorganic, dust free and odorless

· They have good acoustical propertie.

· They present insecticide properties and they discourage bacteria and fungi growth.

Precautions and Limitations

MOC is corrosive therefore metallic parts have to be protected, when they adjoin

with it. However its major limitation comes from its non-resistance to prolonged

contact with water. Consequently it cannot be installed in exterior constructions and

also in areas, which need repeated water flow cleaning.
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5.3 SOREL CEMENT APPLICATIONS

As we said before Sorel cement floors have been initially used in residential and

industrial constructions. It is worth mentioning that the floors of the first wagons of

the Paris Metro were laid with Sorel cement, thanks to their resistance in shocks and

continual vibration. Another specialized application was in shipbuilding for the

interior decks of war and merchant vessels. MgO board is quite strong and has good

flexural and tensile strength, making it suitable as a structural sheathing, such as

would occur with stucco, or as a substrate for EIFS. It also has high impact resistance,

making it good for damage-prone applications, such as hurricane areas, or when used

with a simple surface coating in areas where the wall might get beat up. No doubt you

are aware of the current level of concern about mold and mildew. MgO board does

not support the growth of mold or mildew at all, as there is nothing in MgO board that

is attractive to mold and mildew. Similarly, termites and other insects have no

interest in it, as it is inedible.

The fire properties of MgO boards are similar to gypsum boards. It is

technically non-combustible in terms of the building codes and has a “zero” flame

spread and smoke developed rating. MgO board does not burn at all, and can often be

substituted thickness-for-thickness for Type X drywall in fire rated wall assemblies.

Some proprietary MgO systems have been tested in two-, three- and four-hour UL-

rated assemblies. Being a stone-like material, MgO board has limited thermal

insulation value, like gypsum and Portland cement products. The surface of MgO

board, although it can be made very smooth, is slightly absorptive, making it possible

to paint and bond-to the surface. This makes it good for applications like ceramic tiles,

and thin, synthetic stuccos, adhesives, and EIFS.
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In terms of weight, MgO board, on a thickness-to-thickness basis, is about 20

percent heavier than drywall, depending on the density of the MgO board. It is about

20 percent lighter than Portland cement sheathing boards. The cost of MgO boards is

similar to cement boards, on a per-thickness basis. The variation in price of MgO is

mostly based on transportation costs, and varies with the geographic location of the

end user, as shipping is a major cost component. Labour costs would also be similar to

Portland cement boards.

Effect of some additive on setting, strength and moisture resistance on MOC has

been studied by various researchers. Despite many merits associated with this cement,

its poor resistance to excessive exposure to water has restricted its outdoor

applications. There are only a few reports available worldwide on MOC cement

concrete. Therefore, there is exigent need to develop data through laboratory work for

evolving the standards and codes of practice for MOC cement so that the excellent

bonding properties of this cement can be fully and effectively utilized in areas where

such materials are urgently needed. Hence, different researches were undertaken to

investigate the effect of temperature of MgCl2 solution on setting characteristics and

moisture ingress (steam test) of magnesium oxychloride cement. Various

compositions with dry-mixes containing inert fillers (dolomite) in different

proportions (in the ratio of 1: 0, 1: 1, 1: 2, 1: 3) and MgCl2 solution was studied and

the result helps to enhance the resistance to water as well as extreme climate

conditions during the application of magnesium oxychloride cements in different

forms like Magnesium oxide board and Agrostone panel.

Magnesium Oxide board is a factory-made, non-insulating sheathing board

product. It can be used for a number of interior or exterior applications including wall

and ceiling linings, fascias, soffits, countertop, area separation wall board, exterior
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sheathing, substrates for coatings and insulated systems such as: direct-applied finish

systems, (painting & Stucco), it can be used as tile backing and under laments.

Magnesium Oxide is widely used primarily as wallboard alternative to

conventional gypsum-based drywall but with much improved characteristics such as

fire resistance, weather ability, and strength, resistance to mold and mildew and so on.

The Magnesium Oxide boards can be scored and snapped, sawed, drilled and fastened

to wood or steel framing. Magnesium Oxide boards are a good example of the

advances made in construction materials to meet changes in building safety and

durability codes. Magnesium Oxide is available in many forms, and for building

construction purposes it is produced in various thicknesses and sheet sizes with

various grades, such as smooth finishes, rough textures and utility grades. It is white

or light gray in colour.

5.4 RATINGS AND ADVANTAGES OF MgO BOARDS

5.4.1 RATINGS

- Fire-resistant (UL 055 and ASTM-Tested and A-Rated)

- Waterproof (Freeze/Thaw-Tested for 36 months)

- Mold/fungus free (non-nutritious to mold, fungus, insects ASTM G-21)

- Impact-resistant (ASTM D-5628)

- Silica/asbestos Free

5.4.2 ADVANTAGES

- Can be used in the place of traditional drywall or cement boards.

- Hard less-absorbent surface – with no paper backing.

Magnesium Oxide boards are harder than drywall, and are somewhat like the Portland

cement board used in bathtub enclosures. Magnesium Oxide is ‘worked’ in a manner

like a combination of drywall and cement boards. It can be scored and snapped,
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although it is stronger than drywall and requires a bit more effort. It can be cut with a

power saw, drilled-through and fastened like other similar boards. As when sawing

Portland cement boards, dust is created and thus precautions against inhalation need

to be taken, but the dust itself is basically inert. It’s an easy-to-install product. Like

any sheathing board, Magnesium Oxide board can absorb water but its performance is

unaffected. Thus it can be used indoors and outdoors, and in damp locations. If

Magnesium Oxide is used outdoors in an exposed location, it needs some form of

coating, such as paint. Magnesium Oxide boards are not completely homogeneous,

but do not have a separate facing like drywall or glass matt-faced gypsum board.

Hence delaminating is not an issue–for practical purposes it is a solid material.

Magnesium Oxide board is more flexible than Portland cement boards and less

flexible than drywall. Thin sheets of Magnesium Oxide can be bent or warped to

follow gentle curves. Magnesium Oxide is not as brittle as Portland cement boards,

but “edge distance” (closeness of fasteners to the edge of a sheet) is an issue in using

certain types of fasteners. For instance, it can be nailed, but the hammering of the

surface by the tool when setting the nail can damage the surface, although the nail

itself does not. It’s basically like drywall or cement Boards, in terms of ease-of-

installation.

Despite many merits associated with this cement, its poor resistance to

excessive exposure to water has restricted its outdoor applications. There are only a

few reports available worldwide on MOC cement concrete. No Research and

development work is found on MOC cement concrete for its application in roads and

bridges etc. Therefore, there is exigent need to develop data through laboratory work

for evolving the standards and codes of practice for MOC cement concrete so that the
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excellent bonding properties of this cement can be fully and effectively utilized in

areas where such materials are urgently needed.

6. MATERIALS AND METHODS

6.1 DESCRIPTION OF THE STUDY AREA

Fig 3: Google map of the study area

The study area is located 22 kilometres west of Addis Ababa city known as TATEK

Industrial zone which is found 90 2’ 0” North, 380 42’ 0” East at an elevation of 2,500

meters above sea level. TATEK Industrial zone positioned at the verge of Gefersa

water treatment plant comprises of many small and medium scale factories among

which Ybel Industrial PLC covers over 150,000 square meters of the area that is the
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biggest factory, primarily producing magnesium oxide based products which have

been highly demanded.

6.2 MATERIALS

The materials studied under the present study are light burned caustic magnesium

oxide, magnesium chloride, phosphates, dolomitic powder, saw dust (wood shavings)

and recycle magnesium oxide board.

A. Magnesium chloride

Magnesium chloride is the name for the chemical compounds with the formulas

MgCl2 and its various hydrates MgCl2(H2O)x. These salts are typical ionic halides,

being highly soluble in water. The hydrated magnesium chloride can be extracted

from brine or sea water. In North America, magnesium chloride is produced primarily

from Great Salt Lake brine. It is extracted in a similar process from the Dead Sea in

the Jordan valley. Magnesium chloride, as the natural mineral bischofite, is also

extracted (via solution mining) out of ancient seabeds; for example, the Zechstein

seabed in northwest Europe. Some magnesium chloride is made from solar

evaporation of seawater. Anhydrous magnesium chloride is the principal precursor to

magnesium metal, which is produced on a large scale. Hydrated magnesium chloride

is the form most readily available.

http://en.wikipedia.org/wiki/Chemical_compound
http://en.wikipedia.org/wiki/Chemical_formula
http://en.wikipedia.org/wiki/Water_of_hydration
http://en.wikipedia.org/wiki/Halide
http://en.wikipedia.org/wiki/Brine
http://en.wikipedia.org/wiki/Sea_water
http://en.wikipedia.org/wiki/Great_Salt_Lake
http://en.wikipedia.org/wiki/Dead_Sea
http://en.wikipedia.org/wiki/Bischofite
http://en.wikipedia.org/wiki/Zechstein
http://en.wikipedia.org/wiki/Anhydrous
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Magnesium chloride

IUPAC name

Magnesium chloride

Identifiers

CAS number 7786-30-3 ,

7791-18-6 (hexahydrate)

PubChem 24584

ChEBI CHEBI:6636

ChEMBL CHEMBL1200547

RTECS No OM2975000

http://en.wikipedia.org/wiki/International_Union_of_Pure_and_Applied_Chemistry_nomenclature
http://en.wikipedia.org/wiki/CAS_registry_number
http://www.commonchemistry.org/ChemicalDetail.aspx?ref=7786-30-3
http://tools.wmflabs.org/magnustools/cas.php?language=en&cas=7791-18-6&title=
http://en.wikipedia.org/wiki/PubChem
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=24584
http://en.wikipedia.org/wiki/ChEBI
https://www.ebi.ac.uk/chebi/searchId.do?chebiId=6636
http://en.wikipedia.org/wiki/ChEMBL
https://www.ebi.ac.uk/chembldb/index.php/compound/inspect/CHEMBL1200547
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Properties

Molecular

formula

MgCl2

Molar mass 95.211 g/mol (anhydrous)

203.31 g/mol (hexahydrate)

Appearance white or colourless crystalline solid

Density 2.32 g/cm3 (anhydrous)

1.569 g/cm3 (hexahydrate)

Melting point 714 °C (1,317 °F; 987 K) 117 °C (243 °F; 390 K) (hexahydrate)

Boiling point 1,412 °C

(2,574 °F; 1,685 K)

High b.pt

Solubility in

water

Anhydrous=52.9g/100mL(0°C)

54.3g/100ml(20 °C)

72.6 g/100 mL (100 °C)

hexahydrate

167 g/100 mL (20 °C)

Solubility slightly soluble in acetone

Solubility in

ethanol

7.4 g/100 mL (30 °C)

Refractive index

(nD)

1.675(anhydrous)

1.569 (hexahydrate)

Structure

http://en.wikipedia.org/wiki/Chemical_formula
http://en.wikipedia.org/wiki/Chemical_formula
http://en.wikipedia.org/wiki/Molar_mass
http://en.wikipedia.org/wiki/Density
http://en.wikipedia.org/wiki/Melting_point
http://en.wikipedia.org/wiki/Boiling_point
http://en.wikipedia.org/wiki/Solubility
http://en.wikipedia.org/wiki/Water
http://en.wikipedia.org/wiki/Solubility
http://en.wikipedia.org/wiki/Acetone
http://en.wikipedia.org/wiki/Solubility
http://en.wikipedia.org/wiki/Ethanol
http://en.wikipedia.org/wiki/Refractive_index
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Crystal structure CdCl2

Coordination

geometry

(octahedral, 6-coordinate)

http://en.wikipedia.org/wiki/Crystal_structure
http://en.wikipedia.org/wiki/Cadmium_chloride
http://en.wikipedia.org/wiki/Coordination_geometry
http://en.wikipedia.org/wiki/Coordination_geometry
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MgCl2 crystallizes in the cadmium chloride motif, which features octahedral Mg. A

variety of hydrates are known with the formula MgCl2(H2O)x, and each loses water

with increasing temperature: x = 12 (−16.4 °C), 8 (−3.4 °C), 6 (116.7 °C), 4 (181 °C),

2 (ca. 300 °C). In the hexahydrate, the Mg2+ remains octahedral, but is coordinated to

six water ligands. The thermal dehydration of the hydrates MgCl2(H2O)x (x = 6, 12)

does not occur straightforwardly.

As suggested by the existence of some hydrates, anhydrous MgCl2 is a Lewis acid,

although a very weak one.

In the Dow process, magnesium chloride is regenerated from magnesium hydroxide

using hydrochloric acid:

Mg(OH)2(s) + 2 HCl → MgCl2(aq) + 2 H2O(l)

It can also be prepared from magnesium carbonate by a similar reaction.

In most of its derivatives, MgCl2 forms octahedral complexes. Derivatives with

tetrahedral Mg2+ are less common. Examples include salts of

(tetraethylammonium)2MgCl4 and adducts such as MgCl(TMEDA).

Applications

Magnesium chloride serves as precursor to other magnesium compounds, for example

by precipitation:

MgCl2(aq) + Ca(OH)2(aq) →Mg(OH)2(s) + CaCl2(aq)

It can be electrolysed to give magnesium metal

http://en.wikipedia.org/wiki/Cadmium_chloride
http://en.wikipedia.org/wiki/Octahedral_molecular_geometry
http://en.wikipedia.org/wiki/Ligand
http://en.wikipedia.org/wiki/Lewis_acid
http://en.wikipedia.org/wiki/Dow_process
http://en.wikipedia.org/wiki/Hydrochloric_acid
http://en.wikipedia.org/wiki/Magnesium_hydroxide
http://en.wikipedia.org/wiki/Solid
http://en.wikipedia.org/wiki/Aqueous
http://en.wikipedia.org/wiki/Water
http://en.wikipedia.org/wiki/Liquid
http://en.wikipedia.org/wiki/Magnesium_carbonate
http://en.wikipedia.org/wiki/Tetraethylammonium
http://en.wikipedia.org/wiki/Adduct
http://en.wikipedia.org/wiki/TMEDA
http://en.wikipedia.org/wiki/Calcium_hydroxide
http://en.wikipedia.org/wiki/Magnesium_hydroxide
http://en.wikipedia.org/wiki/Calcium_chloride
http://en.wikipedia.org/wiki/Electrolysis
http://en.wikipedia.org/wiki/Magnesium
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MgCl2(l) →Mg(l) + Cl2(g)

This process is practiced on a substantial scale.Magnesium chloride is most

commonly used for dust control and road stabilization.

Toxicology

Magnesium ions are bitter-tasting, and magnesium chloride solutions are bitter in

varying degrees, depending on the concentration of magnesium. Magnesium toxicity

from magnesium salts is rare in healthy individuals with a normal diet, because excess

magnesium is readily excreted in urine by the kidneys. A few cases of oral

magnesium toxicity have been described in persons with normal renal function

ingesting large amounts of magnesium salts, but it is rare. If a large amount of

magnesium chloride is eaten, it will have effects similar to magnesium sulfate,

causing diarrhea, although the sulfate also contributes to the laxative effect in

magnesium sulfate, so the effect from the chloride is not as severe.

Plant Toxicity: Chloride (Cl−) and magnesium (Mg2+) are both essential nutrients

important for normal plant growth. Too much of either nutrient may harm a plant,

although foliar chloride concentrations are more strongly related with foliar damage

than magnesium. High concentrations of MgCl2 ions in the soil may be toxic or

change water relationships such that the plant cannot easily accumulate water and

nutrients. Once inside the plant, chloride moves through the water-conducting system

and accumulates at the margins of leaves or needles, where dieback occurs first.

Leaves are weakened or killed, which can lead to the death of the tree. Eco Toxicity

levels related to terrestrial and aquatic organisms for magnesium chloride are listed in

the Pesticide Action Network Pesticide Database.

http://en.wikipedia.org/wiki/Gas
http://en.wikipedia.org/wiki/Dust
http://en.wikipedia.org/wiki/Urine
http://en.wikipedia.org/wiki/Kidneys
http://en.wikipedia.org/wiki/Oral_administration
http://en.wikipedia.org/wiki/Magnesium_sulfate
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B. Magnesium oxide

Magnesium oxide (MgO), or magnesia, is a white hygroscopic solid mineral that

occurs naturally as periclase and is a source of magnesium (see also oxide). It has an

empirical formula of MgO and consists of a lattice of Mg2+ ions and O2− ions held

together by ionic bonding. Magnesium hydroxide forms in the presence of water

(MgO + H2O→Mg(OH)2), but it can be reversed by heating it to separate moisture.

Magnesium oxide was historically known as magnesia alba (literally, the white

mineral from Magnesia - other sources give magnesia alba as MgCO3), to differentiate

it from magnesia negra, a black mineral containing what is now known as manganese.

While normally "magnesium oxide" means compound MgO, magnesium peroxide

MgO2 is also known as a metastable compound. According to evolutionary crystal

structure prediction, MgO2 is thermodynamically stable at pressures above 116 GPa,

and a totally new semiconducting suboxide Mg3O2 is thermodynamically stable above

500 GPa.

Magnesium oxide

IUPAC name

Magnesium oxide

http://en.wikipedia.org/wiki/Magnesium
http://en.wikipedia.org/wiki/Oxide
http://en.wikipedia.org/wiki/Hygroscopy
http://en.wikipedia.org/wiki/Mineral
http://en.wikipedia.org/wiki/Periclase
http://en.wikipedia.org/wiki/Magnesium
http://en.wikipedia.org/wiki/Oxide
http://en.wikipedia.org/wiki/Empirical_formula
http://en.wikipedia.org/wiki/Magnesium
http://en.wikipedia.org/wiki/Oxygen
http://en.wikipedia.org/wiki/Ionic_bond
http://en.wikipedia.org/wiki/Magnesium_hydroxide
http://en.wikipedia.org/wiki/Magnesia_%28regional_unit%29
http://en.wikipedia.org/wiki/Magnesia_negra
http://en.wikipedia.org/wiki/Manganese
http://en.wikipedia.org/wiki/Magnesium_peroxide
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Common name

Magnesia(Periclase)

Identifiers

CAS number 1309-48-4

PubChem 14792

EC number 215-171-9

ChEMBL CHEMBL1200572

RTECS number OM3850000

Properties

Molecular formula MgO

Molar mass 40.3044 g/mol

Appearance White powder

Odor Odorless

Density 3.58 g/cm3

Melting point 2,852 °C (5,166 °F; 3,125 K)

Boiling point 3,600 °C (6,510 °F; 3,870 K)

Solubility in water 0.00062 g/100 mL (0 °C)
0.0086 g/100 mL (30 °C)

Solubility Soluble in acid, ammonia
insoluble in alcohol

Thermal conductivity 45–60 W·m−1·K−1

Refractive index (nD) 1.7355

Structure

http://en.wikipedia.org/wiki/Periclase
http://en.wikipedia.org/wiki/CAS_registry_number
http://www.commonchemistry.org/ChemicalDetail.aspx?ref=1309-48-4
http://en.wikipedia.org/wiki/PubChem
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=14792
http://en.wikipedia.org/wiki/European_Community_number
http://esis.jrc.ec.europa.eu/lib/einecs_IS_reponse.php?genre=ECNO&entree=215-171-9
http://en.wikipedia.org/wiki/ChEMBL
https://www.ebi.ac.uk/chembldb/index.php/compound/inspect/CHEMBL1200572
http://en.wikipedia.org/wiki/RTECS
http://en.wikipedia.org/wiki/Chemical_formula
http://en.wikipedia.org/wiki/Molar_mass
http://en.wikipedia.org/wiki/Odor
http://en.wikipedia.org/wiki/Density
http://en.wikipedia.org/wiki/Melting_point
http://en.wikipedia.org/wiki/Boiling_point
http://en.wikipedia.org/wiki/Solubility
http://en.wikipedia.org/wiki/Water
http://en.wikipedia.org/wiki/Solubility
http://en.wikipedia.org/wiki/Acid
http://en.wikipedia.org/wiki/Ammonia
http://en.wikipedia.org/wiki/Alcohol
http://en.wikipedia.org/wiki/Thermal_conductivity
http://en.wikipedia.org/wiki/Refractive_index
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Coordination
geometry

Octahedral (Mg2+); octahedral (O2–)

Thermochemistry

Specific
heat capacity C

37.8 J/mol K

Std enthalpy of
formation ΔfHo298

−601.8 kJ·mol−1

Production

Magnesium oxide is produced by the calcination of magnesium carbonate or

magnesium hydroxide or by the treatment of magnesium chloride with lime followed

by heat. Calcining at different temperatures produces magnesium oxide of with

different reactivity. High temperatures 1500 - 2000 °C produces dead-burned (often

called dead burnt) magnesia, an unreactive form used as a refractory. Calcining

temperatures 1000 - 1500 °C produce hard-burned magnesia which has limited

reactivity, lower temperature, (700-1000°C) calcining produces light-burned

magnesia, a reactive form, which is sometimes called caustic magnesia.

Precautions

Magnesium oxide is easily made by burning magnesium ribbon, which produces a

very bright white light, and a powdery ash. The bright flame is very hard to extinguish

and it emits a harmful intensity of UV light. Inhalation of magnesium oxide fumes can

cause metal fume fever. When burned in open air, the magnesium gets hot enough to

produce noticeable amounts of yellow magnesium nitride. Burning in a covered

crucible, letting in just enough air to support combustion, will reduce the burning

temperature, minimizing the production of the nitride.

http://en.wikipedia.org/wiki/Coordination_geometry
http://en.wikipedia.org/wiki/Coordination_geometry
http://en.wikipedia.org/wiki/Specific_heat_capacity
http://en.wikipedia.org/wiki/Specific_heat_capacity
http://en.wikipedia.org/wiki/Standard_enthalpy_change_of_formation
http://en.wikipedia.org/wiki/Standard_enthalpy_change_of_formation
http://en.wikipedia.org/wiki/Calcination
http://en.wikipedia.org/wiki/Magnesium_carbonate
http://en.wikipedia.org/wiki/Magnesium_hydroxide
http://en.wikipedia.org/wiki/Magnesium_chloride
http://en.wikipedia.org/wiki/Light
http://en.wikipedia.org/wiki/Powder_%28substance%29
http://en.wikipedia.org/wiki/Metal_fume_fever
http://en.wikipedia.org/wiki/Magnesium_nitride
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C. Dolomite

Dolomite is an anhydrous carbonate mineral composed of calcium magnesium

carbonate, ideally CaMg(CO3)2. The word dolomite is also used to describe the

sedimentary carbonate rock, which is composed predominantly of the mineral

dolomite (also known as dolostone).

Most probably the mineral dolomite was first described by Carl Linnaeus in 1768. In

1778, it was described by the Austrian naturalist Belsazar Hacquet as the "stinking

stone" (German: Stinkstein, Latin: lapis suillus). In 1791, it was described as a rock by

the French naturalist and geologist, Déodat Gratet de Dolomieu (1750–1801) first

from buildings in the old city of Rome and later as samples collected in what is now

known as the Dolomite Alps of northern Italy. The mineral was given its name in

March 1792 by Nicolas de Saussure, naming it after De Dolomieu Hacquet and

Dolomieu met in Laibach (Ljubljana) in 1784, which may have contributed to De

Dolomieu's work.

Dolomite and magnesite

Category Carbonate mineral

Formula
(repeating unit)

CaMg(CO3)2

http://en.wikipedia.org/wiki/Carbonate_mineral
http://en.wikipedia.org/wiki/Calcium
http://en.wikipedia.org/wiki/Magnesium
http://en.wikipedia.org/wiki/Carbonate
http://en.wikipedia.org/wiki/Sedimentary
http://en.wikipedia.org/wiki/Carbonate_rock
http://en.wikipedia.org/wiki/Dolostone
http://en.wikipedia.org/wiki/Carl_Linnaeus
http://en.wikipedia.org/wiki/Habsburg_Monarchy
http://en.wikipedia.org/wiki/Belsazar_Hacquet
http://en.wikipedia.org/wiki/German_language
http://en.wikipedia.org/wiki/Latin_language
http://en.wikipedia.org/wiki/French_people
http://en.wikipedia.org/wiki/Natural_history
http://en.wikipedia.org/wiki/Geologist
http://en.wikipedia.org/wiki/D%C3%A9odat_Gratet_de_Dolomieu
http://en.wikipedia.org/wiki/Dolomite_Alps
http://en.wikipedia.org/wiki/Italy
http://en.wikipedia.org/wiki/Nicolas_de_Saussure
http://en.wikipedia.org/wiki/Ljubljana
http://en.wikipedia.org/wiki/Carbonate_mineral
http://en.wikipedia.org/wiki/Chemical_formula
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Crystal symmetry Trigonal rhombohedral, 3

Unit cell a = 4.8012(1) Å, c = 16.002 Å; Z = 3

Color White, gray to pink

Crystal habit Tabular crystals, often with curved faces, also columnar,
stalactitic, granular, massive.

Crystal system Trigonal

Twinning Common as simple contact twins

Tenacity Brittle

Mohs scale hardness 3.5 to 4

Streak White

Specific gravity 2.84–2.86

Refractive index nω = 1.679–1.681 nε = 1.500

Solubility Poorly soluble in dilute HCl

Properties

The mineral dolomite crystallizes in the trigonal-rhombohedral system. It forms white,

tan, gray, or pink crystals. Dolomite is a double carbonate, having an alternating

structural arrangement of calcium and magnesium ions. It does not rapidly dissolve or

effervesce (fizz) in dilute hydrochloric acid as calcite does. Crystal twinning is

common.

Solid solution exists between dolomite, the iron-dominant ankerite and the

manganese-dominant kutnohorite. Small amounts of iron in the structure give the

crystals a yellow to brown tint. Manganese substitutes in the structure also up to about

three percent MnO. A high manganese content gives the crystals a rosy pink color.

Lead, zinc, and cobalt also substitute in the structure for magnesium. The mineral

dolomite is closely related to huntite Mg3Ca(CO3)4.Because dolomite can be dissolved

http://en.wikipedia.org/wiki/Hermann%E2%80%93Mauguin_notation
http://en.wikipedia.org/wiki/Crystal_structure
http://en.wikipedia.org/wiki/Crystal_habit
http://en.wikipedia.org/wiki/Crystal_system
http://en.wikipedia.org/wiki/Trigonal
http://en.wikipedia.org/wiki/Crystal_twinning
http://en.wikipedia.org/wiki/Mohs_scale_of_mineral_hardness
http://en.wikipedia.org/wiki/Streak_%28mineralogy%29
http://en.wikipedia.org/wiki/Specific_gravity
http://en.wikipedia.org/wiki/Refractive_index
http://en.wikipedia.org/wiki/Solubility
http://en.wikipedia.org/wiki/Hydrochloric_acid
http://en.wikipedia.org/wiki/Trigonal
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http://en.wikipedia.org/wiki/Solid_solution
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http://en.wikipedia.org/wiki/Cobalt
http://en.wikipedia.org/wiki/Huntite
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by slightly acidic water, areas of dolomite are important as aquifers and contribute to

karst terrain formation.

Formation

Recent research has found modern dolomite formation under anaerobic conditions in

supersaturated saline lagoons along the Rio de Janeiro coast of Brazil, namely, Lagoa

Vermelha and Brejo do Espinho. It is often thought that dolomite will develop only

with the help of sulfate-reducing bacteria (e.g. Desulfovibrio brasiliensis). However,

promising new research on low-temperature dolomite formation indicates that low-

temperature dolomite may occur in natural environments rich in organic matter and

microbial cell surfaces. This occurs as a result of magnesium complexation by

carboxyl groups associated with organic matter.

Vast deposits of dolomite are present in the geological record, but the mineral is

relatively rare in modern environments. Reproducible, inorganic low-temperature

syntheses of dolomite and magnesite were published for the first time in 1999. Those

laboratory experiments showed how the initial precipitation of a metastable

"precursor" (such as magnesium calcite) will change gradually into more and more of

the stable phase (such as dolomite or magnesite) during periodical intervals of

dissolution and re-precipitation. The general principle governing the course of this

irreversible geochemical reaction has been coined "breaking Ostwald's step rule".

There is some evidence for a biogenic occurrence of dolomite. One example is that of

the formation of dolomite in the urinary bladder of a Dalmatian dog, possibly as the

result of an illness or infection.

Uses
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Dolomite is used as an ornamental stone, a concrete aggregate, a source of magnesium

oxide and in the Pidgeon process for the production of magnesium. It is an important

petroleum reservoir rock, and serves as the host rock for large strata-bound

Mississippi Valley-Type (MVT) ore deposits of base metals such as lead, zinc, and

copper. Where calcite limestone is uncommon or too costly, dolomite is sometimes

used in its place as a flux for the smelting of iron and steel. Large quantities of

processed dolomite are used in the production of float glass.

Dolomite is also used as the substrate in marine (saltwater) aquariums to help buffer

changes in pH of the water. Particle physics researchers like to build particle detectors

under layers of dolomite to enable the detectors to detect the highest possible number

of exotic particles. Because dolomite contains relatively minor quantities of

radioactive materials.

C. Saw dust

Sawdust or wood dust is a by-product of cutting, grinding, drilling, sanding, or

otherwise pulverizing wood with a saw or other tool; it is composed of fine particles

of wood. It is also the by product of certain animals, birds and insects which live in

wood, such as the woodpecker and carpenter ant. It can present a hazard in

manufacturing industries, especially in terms of its flammability. Sawdust is the main

component of particleboard.
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Fig 4. Wood dust

Practical uses

A major use of sawdust is for particleboard; coarse sawdust may be used for wood

pulp. Sawdust has a variety of other practical uses, including serving as a mulch, as an

alternative to clay cat litter, or as a fuel. Until the advent of refrigeration, it was often

used in icehouses to keep ice frozen during the summer. It has been used in artistic

displays, and as scatter. It is also sometimes used to soak up liquid spills, allowing the

spill to be easily collected or swept aside. As such, it was formerly common on

barroom floors. It is used to make Cutler's resin. Mixed with water and frozen, it

forms pykrete, a slow-melting, much stronger form of ice.

Sawdust is used in the manufacture of charcoal briquettes. The claim for invention of

the first commercial charcoal briquettes goes to Henry Ford who created them from

the wood scraps and sawdust produced by his automobile factory.

Health and safety hazards
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Airborne sawdust and sawdust accumulations present a number of health and safety

hazards. Wood dust becomes a potential health problem when, for example, the wood

particles, from processes such as sanding, become airborne and are inhaled. Wood

dust is a known human carcinogen. Certain woods and their dust contain toxins that

can produce severe allergic reactions.

Explosions and fire

Sawdust is flammable and accumulations provide a ready source of fuel. Airborne

sawdust can be ignited by sparks or even heat accumulation and result in explosions.

Environmental effects

At sawmills, unless reprocessed into particleboard, burned in a sawdust burner or used

to make heat for other milling operations, sawdust may collect in piles and add

harmful leachates into local water systems, creating an environmental hazard. This

has placed small sawyers and environmental agencies in a deadlock.

Questions about the science behind the determination of sawdust being an

environmental hazard remain for sawmill operators (though this is mainly with finer

particles), who compare wood residuals to dead trees in a forest. Technical advisors

have reviewed some of the environmental studies, but say most lack standardized

methodology or evidence of a direct impact on wildlife. They don’t take into account

large drainage areas, so the amount of material that is getting into the water from the

site in relation to the total drainage area is minuscule.
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Other scientists have a different view, saying the "dilution is the solution to pollution"

argument is no longer accepted in environmental science. The decomposition of a tree

in a forest is similar to the impact of sawdust, but the difference is of scale. Sawmills

may be storing thousands of cubic metres of wood residues in one place, so the issue

becomes one of concentration.

But of larger concern are substances such as lignins and fatty acids that protect trees

from predators while they are alive, but can leach into water and poison wildlife.

Those types of things remain in the tree and, as the tree decays, they slowly are

broken down. But when sawyers are processing a large volume of wood and large

concentrations of these materials permeate into the runoff, the toxicity they cause is

harmful to a broad range of organisms.

D. Phosphoric acid

Phosphoric acid (also known as orthophosphoric acid or phosphoric(V) acid) is a

mineral (inorganic) acid having the chemical formula H3PO4. Orthophosphoric acid

molecules can combine with themselves to form a variety of compounds which are

also referred to as phosphoric acids, but in a more general way. Orthophosphoric

acid refers to phosphoric acid, which is the IUPAC name for this compound. The

prefix ortho is used to distinguish the acid from related phosphoric acids, called

polyphosphoric acids. Orthophosphoric acid is a non-toxic acid, which, when pure, is

a solid at room temperature and pressure.

In addition to being a chemical reagent, phosphoric acid has a wide variety of uses,

including as a rust inhibitor, food additive, dental and orthop(a)edic etchant,
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electrolyte, flux, dispersing agent, industrial etchant, fertilizer feedstock, and

component of home cleaning products.

The most common source of phosphoric acid is an 85% aqueous solution; such

solutions are colourless, odourless, and non-volatile. The 85% solution is a rather

viscous, syrupy liquid, but still pourable. Because it is a concentrated acid, an 85%

solution can be corrosive, although nontoxic when diluted. Because of the high

percentage of phosphoric acid in this reagent, at least some of the orthophosphoric

acid is condensed into polyphosphoric acids. For the sake of labeling and simplicity,

the 85% represents H3PO4 as if it were all orthophosphoric acid.

Phosphoric acid

IUPAC name

trihydroxidooxidophosphorus
phosphoric acid
Other name

Orthophosphoric acid

Identifiers

CAS number 7664-38-2 ,
16271-20-8 (hemihydrate)

PubChem 1004

ChemSpider 979
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UN number 1805

ChEBI CHEBI:26078

ChEMBL CHEMBL1187

RTECS number TB6300000

Properties

Molecular
formula

H3O4P

Molar mass 98.00 g mol−1

Appearance white solid or colourless, viscous liquid (>42 °C)
deliquescent

Density 1.885 g/mL (liquid)
1.685 g/mL (85% solution)
2.030 g/mL (crystal at 25 °C)

Melting point 42.35 °C (108.23 °F; 315.50 K)
(anhydrous)
29.32 °C (84.78 °F; 302.47 K)
(hemihydrate)

Boiling point 158 °C (316 °F; 431 K)
213 °C (415 °F; 486 K)
decomposes

Solubility in
water

392.2 g/100 g (-16.3 °C)
369.4 g/100 mL (0.5 °C)
446 g/100 mL (14.95 °C)
miscible (42.3 °C)

Solubility soluble in ethanol

Reactions

Anhydrous phosphoric acid, a white low melting solid, is obtained by dehydration of

85% phosphoric acid by heating under a vacuum. Orthophosphoric acid is a very

polar molecule. It is infinitely soluble in water. The oxidation state of phosphorus (P)

in ortho- and other phosphoric acids is +5; the oxidation state of all the oxygen atoms

(O) is −2 and all the hydrogen atoms (H) is +1. Triprotic means that an

orthophosphoric acid molecule can dissociate up to three times, giving up an H+ each
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time, which typically combines with a water molecule, H2O, as shown in these

reactions. The anion after the first dissociation, H2PO4−, is the dihydrogen phosphate

anion. The anion after the second dissociation, HPO42−, is the hydrogen phosphate

anion. The anion after the third dissociation, PO43−, is the phosphate or

orthophosphate anion. For each of the dissociation reactions shown above, there is a

separate acid dissociation constant, called Ka1, Ka2, and Ka3 given at 25 °C. Associated

with these three dissociation constants are corresponding pKa1=2.12, pKa2=7.21, and

pKa3=12.67 values at 25 °C. Even though all three hydrogen (H) atoms are equivalent

on an orthophosphoric acid molecule, the successive Ka values differ since it is

energetically less favorable to lose another H+ if one (or more) has already been lost

and the molecule/ion is more negatively charged.

Because the triprotic dissociation of orthophosphoric acid, the fact that its conjugate

bases (the phosphates mentioned above) cover a wide pH range, and, because

phosphoric acid/phosphate solutions are, in general, non-toxic, mixtures of these types

of phosphates are often used as buffering agents or to make buffer solutions, where

the desired pH depends on the proportions of the phosphates in the mixtures.

Similarly, the non-toxic, anion salts of triprotic organic citric acid are also often used

to make buffers. Phosphates are found pervasively in biology, especially in the

compounds derived from phosphorylated sugars, such as DNA, RNA, and adenosine

triphosphate (ATP). There is a separate article on phosphate as an anion or its salts.

Upon heating orthophosphoric acid, condensation of the phosphoric units can be

induced by driving off the water formed from condensation. When one molecule of

water has been removed for each two molecules of phosphoric acid, the result is

pyrophosphoric acid (H4P2O7). When an average of one molecule of water per
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phosphoric unit has been driven off, the resulting substance is a glassy solid having an

empirical formula of HPO3 and is called metaphosphoric acid. It produces phosphoric

anhydride (phosphorus pentoxide), which has an empirical formula P2O5, although an

actual molecule has a chemical formula of P4O10. Phosphoric anhydride is a solid,

which is very strongly moisture-absorbing and is used as a desiccant.

Preparation

Phosphoric acid is produced industrially by two general routes – the thermal process

and the wet process, which includes two sub-methods. The wet process dominates in

the commercial sector. The more expensive thermal process produces a purer product

that is used for applications in the food industry. Wet process phosphoric acid is

prepared by adding sulfuric acid to tricalcium phosphate rock, typically found in

nature as apatite. The initial phosphoric acid solution may contain 23–33% P2O5, but

can be concentrated by the evaporation of water to produce commercial- or merchant-

grade phosphoric acid, which contains about 54% P2O5. Further evaporation of water

yields superphosphoric acid with a P2O5 concentration above 70%.

Uses

The dominant use of phosphoric acid is for fertilizers, consuming approximately 90%

of production. Food-grade phosphoric acid is used to acidify foods and beverages

such as various colas. It provides a tangy or sour taste. Various salts of phosphoric

acid, such as monocalcium phosphate, are used as leavening agents.

6.3 SAMPLE PREPARATION

The different feature of magnesium oxide board to be experimented is initially

prepared in the laboratory from the raw material listed below under different mix ratio.
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Raw materials Samples

Yb- 01 Yb- 02 Yb-03

1 Light burned Magnesium oxid 41.09% 41.09% 41.09%

2 Magnesium chloride solution 41.09% 41.09% 41.09%

3 Saw dust 4.10% 4.10% 4.10%

4 Dolomite filler 13.69% 6.85% none

5 Phosperic acid trace trace trace

6 Recycled Magnesia board none 6.85% 13.69%

Table 1: mix design that considers different proportion of Recycled magnesium

oxide based waste.

Under the given mix ratio the magnesium oxide board is prepared and let to dry in the

air for seven days, then it is made to different specimens according to the international

standard so that the required feature can be determined.
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Figure 5: sample prepared for test according to the standard in the laboratory

The samples were prepared and labelled carefully to differentiate the impact of each

constituent compound on the overall properties of the composite material. The tests to

be undergone are density, water absorption, tensile strength, and compressive strength,

and flexural bending strength, screw grip force with long shank screw.

Samples of the magnesium oxide boards were prepared using an electrical banded

saw in such way that the cut samples with respect to the determination designed

physical properties comply with the ASTM standard.
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Figure 6: sample preparation process using graduated band saw machine

6.4 TESTING METHODS AND INSTRUMENTS

Figure 7: Automated Testing machine for testing compressive and flexural bending

strength
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The tests conducted on the prepared specimens were

1. Tensile strength, According to ASTM C473, 12.5mm width gauge and 10mm

thickness specimen.

2. Compression test, According to ASTM C473, 25mm width and 25mm depth

of 10 mm thickness specimen.

Figure 8: Automated testing machine for tensile and screw grip force

3. Flexural bending strength test, According to ASTM C473, 150mm length and

30mm depth of 10mm thickness specimen.

4. Nail pull resistance test, According to ASTM C473, /C 1325/Specimen with

bottom die opening of 76mm aperture.

5.Water absorption test, According to ASTM C1186

6. Density, mass per unit volume (according to application)
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6.5 BRIEF DESCRIPTION OF TESTING PARAMETERS

A. Flexural strength, also known as modulus of rupture, bend strength, or

fracture strength, a mechanical parameter for brittle material, is defined as a

material's ability to resist deformation under load. The transverse bending test is most

frequently employed, in which a specimen having either a circular or rectangular

cross-section is bent until fracture or yielding using a three point flexural test

technique. The flexural strength represents the highest stress experienced within the

material at its moment of rupture. It is measured in terms of stress, here given the

symbol .When an object formed of a single material, like a wooden beam or a steel

rod, is bent , it experiences a range of stresses across its depth . At the edge of the

object on the inside of the bend (concave face) the stress will be at its maximum

compressive stress value. At the outside of the bend (convex face) the stress will be at

its maximum tensile value. These inner and outer edges of the beam or rod are known

as the 'extreme fibers'. Most materials fail under tensile stress before they fail under

compressive stress, so the maximum tensile stress value that can be sustained before

the beam or rod fails is its flexural strength.

The flexural strength would be the same as the tensile strength if the material were

homogeneous. In fact, most materials have small or large defects in them which act to

concentrate the stresses locally, effectively causing a localized weakness.

When a material is bent only the extreme fibers are at the largest stress so, if

those fibers are free from defects, the flexural strength will be controlled by the

strength of those intact 'fibers'. However, if the same material was subjected to only

tensile forces then all the fibers in the material are at the same stress and failure will
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initiate when the weakest fiber reaches its limiting tensile stress. Therefore it is

common for flexural strengths to be higher than tensile strengths for the same material.

Conversely, a homogeneous material with defects only on its surfaces (e.g., due to

scratches) might have a higher tensile strength than flexural strength.

If we don't take into account defects of any kind, it is clear that the material will fail

under a bending force which is smaller than the corresponding tensile force. Both of

these forces will induce the same failure stress, whose value depends on the strength

of the material.

B. compressive strength is the capacity of a material or structure to withstand loads

tending to reduce size. It can be measured by plotting applied force against

deformation in a testing machine. Some material fracture at their compressive strength

limit; others deform irreversibly, so a given amount of deformation may be considered

as the limit for compressive load. Compressive strength is a key value for design of

structures. Compressive strength is often measured on a universal testing machine;

these range from very small table-top systems to ones with over 53 MN capacity.

Measurements of compressive strength are affected by the specific test method and

conditions of measurement. Compressive strengths are usually reported in relationship

to a specific technical standard.

When a specimen of material is loaded in such a way that it extends it is said to be in

tension. On the other hand if the material compresses and shortens it is said to be in

compression. On an atomic level, the molecules or atoms are forced apart when in

tension whereas in compression they are forced together. Since atoms in solids always

try to find an equilibrium position, and distance between other atoms, forces arise
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throughout the entire material which oppose both tension and compression. The

phenomena prevailing on an atomic level are therefore similar.

The "strain" is the relative change in length under applied stress; positive strain

characterizes an object under tension load which tends to lengthen it, and a

compressive stress that shortens an object gives negative strain. Tension tends to pull

small sideways deflections back into alignment, while compression tends to amplify

such deflection into buckling. By definition, the ultimate compressive strength of a

material is that value of uniaxial compressive stress reached when the material fails

completely. The compressive strength is usually obtained experimentally by means of

a compressive test. The apparatus used for this experiment is the same as that used in

a tensile test. However, rather than applying a uniaxial tensile load, a uniaxial

compressive load is applied. As can be imagined, the specimen (usually cylindrical) is

shortened as well as spread laterally.

C. Ultimate tensile strength (UTS), often shortened to tensile strength (TS) or

ultimate strength, is the maximum stress that a material can withstand while being

stretched or pulled before failing or breaking. Tensile strength is not the same as

compressive strength and the values can be quite different. Some materials will break

sharply, without plastic deformation, in what is called a brittle failure. Others, which

are more ductile, including most metals, will experience some plastic deformation and

possibly necking before fracture. The UTS is usually found by performing a tensile

test and recording the engineering stress versus strain.

The highest point of the stress-strain curve is the UTS. It is an intensive

property; therefore its value does not depend on the size of the test specimen.

However, it is dependent on other factors, such as the preparation of the specimen, the
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presence or otherwise of surface defects, and the temperature of the test environment

and material. Tensile strengths are rarely used in the design of ductile members, but

they are important in brittle members. They are tabulated for common materials such

as alloys, composite materials, ceramics, plastics, and wood.

Tensile strength is defined as a stress, which is measured as force per unit area. For

some non-homogeneous materials (or for assembled components) it can be reported

just as a force or as a force per unit width. In the SI system, the unit is the pascal (Pa)

(or a multiple thereof, often megapascals (MPa), using the mega- prefix); or,

equivalently to pascals, Newton’s per square metre (N/m²). A United States

customary unit is pounds-force per square inch or kilo-pounds per square inch (ksi, or

sometimes kpsi), which is equal to 1000 psi; kilo-pounds per square inch are

commonly used when measuring tensile strengths.

D.Water absorption Water absorption is used to determine the amount of water

absorbed under specified conditions. Factors affecting water absorption include: type

of plastic, additives used, temperature and length of exposure. The data sheds light on

the performance of the materials in water or humid environments. For the water

absorption test, the specimens are dried in an oven for a specified time and

temperature and then placed in a desiccators to cool. Immediately upon cooling the

specimens are weighed. The material is then emerged in water at agreed upon

conditions, often 23°C for 24 hours or until equilibrium. Specimens are removed,

patted dry with a lint free cloth, and weighed.
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7. RESULTS AND DISCUSSION

The MgO board samples prepared according to ASTM standards were under test

using automated Testing machines and the different parameters listed below were

determined.

7.1 Tensile strength test feature

Table 2: Results for tensile strength of sample; yb-01

Table 3: Results for tensile strength of sample; yb-02

specimen Dimension,(mm) Ultimate load Tensile

strength

No Thickness Width (kN) (MPa)

1 10.0 12.5 0.85 6.80

2 10.0 12.5 0.95 7.60

3 10.0 12.5 0.9 7.20

7.20

specimen Dimension,(mm) Ultimate

load

Tensile

strength

No Thickness Width (kN) (MPa)

1 10.0 12.5 1.95 15.6

2 10.0 12.5 2.25 18.0

3 10.0 12.5 2.3 18.4

17.33
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Table 4: Results for tensile strength of sample; yb-03

Table 3; reveals that the sample designated as Yb-02 ,which is prepared from 50%

dolomite filler and 50% recycled magnesium oxide based waste has a greater tensile

strength value that is almost 2.5 times higher than Yb-01 with a 100% dolomite filler

and slightly higher than Yb-03 with a 100% Recycled waste used as a filler. Since

tensile strength is the maximum stress that a material can withstand while being

stretched or pulled before failing or breaking, the values in each sample varies when

applying a certain stress per unit width on the heterogeneous sample unlike

homogenous materials of stress per unit area.

7.2 .Compressive strength test features

Table 5: Results for compressive strength of sample; yb-01

specimen Dimension,(mm) Ultimate load Tensile strength

No Thickness Width (kN) (MPa)

1 10.0 12.5 1.76 14.05

2 10.0 12.5 2.30 18.40

3 10.0 12.5 2.29 18.32

16.92

specimen Dimension,(mm) Ultimate Compressive
strength

No Width Depth (kN) (MPa)

1 25.0 25.0 0.85 18.5

2 25.0 25.0 0.95 17.5

3 25.0 25.0 0.9 15

17
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specimen Dimension,(mm) Ultimate load Compressive
strength

No Width Depth (kN) (MPa)

1 25.0 25.0 1.15 29.2

2 25.0 25.0 1.20 27.4

3 25.0 25.0 1.23 27.4

28

Table 6: Results for compressive strength of sample; yb-02

specimen Dimension,(mm) Ultimate
load

Compressive
strength

No
Width Depth (kN) (MPa)

1 25.0 25.0 0.95 21.9

2 25.0 25.0 1.0 24.9

3 25.0 25.0 1.05 19.2

22

Table 7: Results for compressive strength of sample; yb-03

Table 5, 6 and 7 clearly shows that different samples with different mix ratio of fillers

have different compressive strength. The samples cut into 25x25mm dimensions of

10mm thickness under negative strain develops a fracturing point but among the

samples Yb-02 which is 1:1 composition of filler to recycled waste ratio withstand

greater loads ,as compared to Yb-01 and Yb-03,which tends to reduce its size . In

contrary to the strain stress curves of tensile strength, compressive strength values are

quite fluctuating among the same or identical specimens, this shows compressive

strength is heavily rely on the particle nature of the material under test. Concerning

the magnesium oxide board sample, the material is non homogenous and subject to
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non uniform trend of stress-strain curve even in the same series of sample material. As

a result the compressive strength value has some sort of deviations from the mean

value.

7.3. Flexural bending strength

specimen Dimension,(mm) Flexural

load

Flexural bending strength

No thickness depth length (kN) (MPa)

1 10 30 150 0.2 30.0

2 10 30 150 0.202 30.30

3 10 30 150 0.2 30.30

30.20

Table 8: Results for flexural bending strength of sample; yb-01

specimen Dimension,(mm) Flexural load Flexural bending strength

No thickness depth length (kN) (MPa)

1 10 30 150 0.14 21.00

2 10 30 150 0.19 28.50

3 10 30 150 0.2 27.00

25.50

Tab

TTable 9: Results for flexural bending strength of sample; yb-02
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Table 10: Results for flexural bending strength of sample; yb-03

Table 8 ,9 and 10 reveals that modulus of rupture or bending strength is found to

be the highest in Yb-01 followed by Yb-02 and Yb-03. Since flexural bending

strength represents the maximum load a material is able to resist before it is

deformed it can be understood that the sample with a 100% dolomite filler has the

maximum tensile stress with respect compressive stress because flexural bending

strength is always accompanied by two forces acting in different direction which

are tensile stress under the test sample and compressive stress up on the test

sample which exerts downward force. besides the results are valid as long as the

samples under test are free from any defects like fiber alignment inside the

material. In this particular case defects are carefully minimized and the values

seen can tell us that the recycled magnesium oxide based waste reduces the

materials ability to withstand stress before it deforms that is simply loses its

bending capacity.

specimen Dimension,(mm) Flexural

load

Flexural bending

strength

No thickness depth length (kN) (MPa)

1 10 30 150 0.14 21.00

2 10 30 150 0.17 25.50

3 10 30 150 0.2 27.0

24.50
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7.4 Screw grip force

Table 11: Results for screw grip force of sample; yb-01

Table 12: Results for screw grip force of sample; yb-02

specimen Maximum load(kN)

No Short shank Long shank

1 0.75 0.74

Table 13: Results for screw grip force of sample; yb-03

specimen Maximum load(kN)

No Short shank Long shank

1 0.77 0.63

specimen Maximum load(kN)

No Short shank Long shank

1 0.52 0.52
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The results shown under table 11, 12 and 13 for screw grip force determination of

samples using short shank and long shank screw results an unexpected result.

From the result one can cleary conclude that the samples of Yb-02 and Yb-03

which are made from 50% recycled waste and 100% recycled waste as filler have

somewhat less value of screw grip force than Yb-01 which uses 100% dolomite as a

filler. The discrepancy comes at this point; as it is seen from the result Yb-01 has the

greatest value of screw grip force even though the difference is quite visible between

the values for short and long shank among the similar samples of Yb-01.

Consequently the sample formed form 50% dolomite filler is expected to have

medium screw grip force value as compared to the samples Yb-01 and Yb-02. But the

positive results aroused from Yb-02 and Yb-03 is the impact it enhance to use of short

shank or long shank screw without any effect.
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Figure 9: Graphical representation for the Tensile strength test results of the Specimens in one.
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Figure 10: Graphical representation for the compressive strength test results of the Specimens in one.
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Figure 11: Graphical representation for the Flexural bending strength test results of the Specimens in one.
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Table 14. Results for the densities (in g/cm3) of sample boards at 298K

Table 14 reveals that Yb-03 is the lightest among the other two samples which are

composed of 50% and 0% recycled material as a filler. This phenomenon is resulted

from the nature of the recycled filler is a heterogeneous mixture of raw materials that

also contained saw dust which has larger proportion by volume in the board scrap

besides the larger molecular size of the recycled material during micronization

process.

Table 15. Results for the moisture absorption (in %) of board samples at 298K

specimen Samples

No. Yb-01 Yb-02 Yb-03

1 1.151 1.05 0.940

2 1.149 1.03 0.938

3 1.150 1.01 0.942

Average 1.15 1.04 0.94

Specimens Samples

No Yb-01 Yb-02 Yb-03

1 9.7 10.1 11.9

2 8.9 10.8 12.4

3 9.2 10.6 12.6

Average 9.2 10.5 12.3
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Table 15. shows the moisture absorption capacity of the material varies depending on

the composition of the samples .Sample Yb-01 which is composed of 100% dolomite

filler has the least moisture absorption capacity where as Yb-03 which is composed of

100% recycled board has the highest moisture absorption capacity. Consequently the

regular trend of moisture absorbing capacity from Yb-03 to Yb-01 can be explained in

terms of the presence and amount of the dolomite filler or the recycled board .The

recycled powder comes from the crushed and micronized scrap but as compared to the

dolomite filler powder, which is homogeneous compound micronized much

effectively than the recycled material. Therefore it lives no pores as an aggregate

compound to retain water and thereby counted for the less moisture absorbing

capacity.

Table 16. Results for combustibility of boards at 1000K

Since combustibility is an intensive value which denotes the extent rather than the

magnitude the table can only reveals that the samples set under a temperature of

8000C for 108 minutes shows no sign of combustibility. Therefore the introduction of

the recycled material does not change the key nature of the product that is known for

its fire proof property.

Specimens Samples

No Yb-01 Yb-02 Yb-03

1 NC NC NC

2 NC NC NC

3 NC NC NC

Note : NC—not combustible C--- combustible
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8. CONCLUSION AND RECOMMENDATION

8.1 CONCLUSION

From the results that precedes experimentation of the samples some conclusions

stated below are pointed out as follows

A. The two important physical parameters of the construction board namely Tensile

strength and C ompressive strength are found to be higher in the board that

contains 50% of recycled material as filler than the ordinary board with dolomite

filler alone.

B. It is better not to use the recycled material as filler when a physical parameter of

higher flexural strength is in need.

C. Regarding the screw grip force ,using the recycled material as a filler generally

brings somewhat a positive result since it have almost similar values

eventhough the screw is short or long shanked.

D. The density of the board with the 50% or 100% recycled material as a filler

does not change the overall density of the product and it continues to be in the

range of light weight product.

E. Despite the fact that water absorbing capacity increases slightly than the

ordinary board, with no recycled board, the value is quite less as compared to

the standard water absorbing value of less than 20%.

F. The new board that accompanied the recycle material keep on being not

combustible as the ordinary board.
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8.2 RECOMENDATION

Therefore, I endorse that using the right proportion of the recycled material

will not degrade the quality of the product instead it helps to reduce the cost of

disposal of the waste. Besides it enhances the process of maintaining safe

environment that is soil and ground water for this particular type of waste.
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Annex- 1
Computational data for Yb-01/02/03 Bending strength test values

Test Curve(Yb-01) Test Curve(Yb-03) Test Curve(Yb-02)

Force(N) Time(Sec) Bending Force(N) Time(Sec) Bending Force(N) Time(Sec) Bending
7.20046 0.569999993 1.080069 9.600614 0.56 1.440092 4.800307 0.55 0.720046
-4.8003 0.660000026 -0.72005 9.600614 0.62 1.440092 7.20046 0.64 1.080069
0 0.75 0 2.400153 0.72 0.360023 4.800307 0.72 0.720046
12.00076 0.810000002 1.800114 2.400153 0.81 0.360023 7.20046 0.779999 1.080069
12.00076 0.870000005 1.800114 0 0.89 0 33.60214 0.86 5.040321
12.00076 0.970000029 1.800114 14.40092 0.94 2.160138 7.20046 0.93 1.080069
4.800307 1.039999008 0.720046 4.800307 1.039999 0.720046 9.600614 1.029999 1.440092
-4.8003 1.110000014 -0.72005 38.40245 1.11 5.760368 14.40092 1.1 2.160138
7.20046 1.210000038 1.080069 16.80107 1.179999 2.52016 -4.8003 1.159999 -0.72005
9.600614 1.269999027 1.440092 16.80107 1.279999 2.52016 12.00076 1.23 1.800114
16.80107 1.340000033 2.52016 14.40092 1.35 2.160138 14.40092 1.34 2.160138
-2.40015 1.409999013 -0.36002 14.40092 1.409999 2.160138 -4.8003 1.409999 -0.72005
12.00076 1.50999999 1.800114 4.800307 1.48 0.720046 12.00076 1.47 1.800114
4.800307 1.570000052 0.720046 0 1.58 0 9.600614 1.58 1.440092
2.400153 1.710000038 0.360023 -4.8003 1.669999 -0.72005 7.20046 1.65 1.080069
4.800307 1.809998989 0.720046 14.40092 1.73 2.160138 7.20046 1.71 1.080069
-31.2019 1.870000005 -4.68029 4.800307 1.799999 0.720046 -14.4009 1.779999 -2.16013
-4.8003 1.970000029 -0.72005 14.40092 1.9 2.160138 16.80107 1.88 2.52016
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0 2.039999008 0 7.20046 1.97 1.080069 28.80184 1.95 4.320276
2.400153 2.099998951 0.360023 7.20046 2.029999 1.080069 4.800307 2.019999 0.720046
19.20122 2.200000048 2.880183 7.20046 2.13 1.080069 14.40092 2.119999 2.160138
16.80107 2.269999027 2.52016 -4.8003 2.2 -0.72005 4.800307 2.19 0.720046
12.00076 2.33999896 1.800114 9.600614 2.269999 1.440092 36.0023 2.26 5.400345
-2.40015 2.5 -0.36002 16.80107 2.44 2.52016 9.600614 2.42 1.440092
9.600614 2.56999898 1.440092 31.20199 2.51 4.680299 33.60214 2.49 5.040321
0 2.680000067 0 7.20046 2.569999 1.080069 -2.40015 2.67 -0.36002
7.20046 2.730000019 1.080069 26.40169 2.68 3.960253 7.20046 2.74 1.080069
-2.40015 2.799998999 -0.36002 26.40169 2.75 3.960253 33.60214 2.839999 5.040321
0 2.900000095 0 28.80184 2.819999 4.320276 12.00076 2.91 1.800114
0 2.960000038 0 36.0023 2.92 5.400345 0 2.98 0
7.20046 3.049998999 1.080069 28.80184 3.059999 4.320276 2.400153 3.069999 0.360023
-12.0007 3.119998932 -1.8001 2.400153 3.13 0.360023 33.60214 3.14 5.040321
0 3.190000057 0 9.600614 3.19 1.440092 12.00076 3.21 1.800114
2.400153 3.289999008 0.360023 9.600614 3.26 1.440092 26.40169 3.279999 3.960253
-12.0007 3.359998941 -1.8001 9.600614 3.369999 1.440092 14.40092 3.39 2.160138
-14.4009 3.430000067 -2.16013 33.60214 3.44 5.040321 0 3.46 0
-4.8003 3.5 -0.72005 4.800307 3.51 0.720046 16.80107 3.549999 2.52016
7.20046 3.599998951 1.080069 7.20046 3.569999 1.080069 4.800307 3.609999 0.720046
-9.60061 3.670000076 -1.44009 12.00076 3.68 1.800114 14.40092 3.68 2.160138
2.400153 3.730000019 0.360023 7.20046 3.75 1.080069 12.00076 3.75 1.800114
0 3.83999896 0 40.80261 3.809999 6.120391 14.40092 3.859999 2.160138
-2.40015 3.890000105 -0.36002 9.600614 3.92 1.440092 2.400153 3.92 0.360023
-2.40015 3.99000001 -0.36002 9.600614 3.98 1.440092 24.00153 3.99 3.600229
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14.40092 4.059998989 2.160138 26.40169 4.05 3.960253 9.600614 4.059999 1.440092
-12.0007 4.150000095 -1.8001 14.40092 4.15 2.160138 14.40092 4.159999 2.160138
12.00076 4.219998837 1.800114 4.800307 4.219999 0.720046 19.20122 4.23 2.880183
14.40092 4.289999008 2.160138 45.60291 4.289999 6.840436 2.400153 4.3 0.360023
-9.60061 4.389998913 -1.44009 45.60291 4.36 6.840436 19.20122 4.369999 2.880183
9.600614 4.460000038 1.440092 38.40245 4.429999 5.760368 33.60214 4.48 5.040321
16.80107 4.53000021 2.52016 64.80414 4.539999 9.720621 7.20046 4.55 1.080069
9.600614 4.599998951 1.440092 62.40399 4.61 9.360599 4.800307 4.619999 0.720046
24.00153 4.670000076 3.600229 88.80568 4.679999 13.32085 9.600614 4.719999 1.440092
28.80184 4.78000021 4.320276 84.00537 4.78 12.60081 31.20199 4.789999 4.680299
40.80261 4.849998951 6.120391 105.6067 4.849999 15.841 16.80107 4.86 2.52016
55.20352 4.909998894 8.280528 93.60599 4.92 14.0409 40.80261 4.929999 6.120391
57.60368 4.980000019 8.640552 115.2073 4.989999 17.28109 24.00153 5.03 3.600229
62.40399 5.090000153 9.360599 112.8072 5.059999 16.92108 36.0023 5.099999 5.400345
57.60368 5.150000095 8.640552 115.2073 5.159999 17.28109 69.60445 5.17 10.44067
74.40476 5.230000019 11.16071 127.2081 5.23 19.08121 69.60445 5.23 10.44067
79.20507 5.289999008 11.88076 129.6082 5.309999 19.44123 62.40399 5.34 9.360599
86.40553 5.400000095 12.96083 134.4085 5.38 20.16127 72.0046 5.409999 10.80069
96.00614 5.469998837 14.40092 156.0099 5.48 23.40149 79.20507 5.48 11.88076
93.60599 5.539999008 14.0409 172.811 5.55 25.92165 81.60522 5.55 12.24078
98.4063 5.610000134 14.76095 153.6098 5.619999 23.04147 81.60522 5.65 12.24078
108.0069 5.710000038 16.20103 160.8102 5.69 24.12153 110.407 5.719999 16.56105
110.407 5.78000021 16.56105 168.0107 5.789999 25.2016 103.2066 5.789999 15.48099
105.6067 5.849998951 15.841 160.8102 5.86 24.12153 103.2066 5.86 15.48099
117.6075 5.920000076 17.64112 165.6105 5.929999 24.84158 117.6075 5.969999 17.64112
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124.8079 6.03000021 18.72118 160.8102 6 24.12153 115.2073 6.03 17.28109
122.4078 6.090000153 18.36117 156.0099 6.099999 23.40149 139.2089 6.099999 20.88133
132.0084 6.170000076 19.80126 153.6098 6.17 23.04147 158.4101 6.17 23.76151
115.2073 6.239998817 17.28109 156.0099 6.239999 23.40149 139.2089 6.28 20.88133
115.2073 6.340000153 17.28109 156.0099 6.309999 23.40149 144.0092 6.34 21.60138
112.8072 6.409998894 16.92108 144.0092 6.42 21.60138 148.8095 6.42 22.32142
98.4063 6.480000019 14.76095 158.4101 6.48 23.76151 141.609 6.48 21.24135
122.4078 6.550000191 18.36117 153.6098 6.55 23.04147 146.4093 6.59 21.9614
122.4078 6.619998932 18.36117 148.8095 6.619999 22.32142 153.6098 6.659999 23.04147
112.8072 6.730000019 16.92108 153.6098 6.719999 23.04147 144.0092 6.73 21.60138
132.0084 6.789999008 19.80126 139.2089 6.8 20.88133 146.4093 6.8 21.9614
108.0069 6.860000134 16.20103 156.0099 6.869999 23.40149 144.0092 6.9 21.60138
144.0092 6.969998837 21.60138 148.8095 6.929999 22.32142 153.6098 6.969999 23.04147
117.6075 7.03000021 17.64112 146.4093 7.039999 21.9614 148.8095 7.039999 22.32142
115.2073 7.099998951 17.28109 151.2096 7.11 22.68144 151.2096 7.11 22.68144
117.6075 7.170000076 17.64112 144.0092 7.179999 21.60138 151.2096 7.21 22.68144
139.2089 7.28000021 20.88133 129.6082 7.25 19.44123 144.0092 7.28 21.60138
129.6082 7.349998951 19.44123 139.2089 7.32 20.88133 156.0099 7.349999 23.40149
122.4078 7.420000076 18.36117 144.0092 7.429999 21.60138 148.8095 7.42 22.32142
132.0084 7.489998817 19.80126 146.4093 7.5 21.9614 141.609 7.53 21.24135
112.8072 7.590000153 16.92108 156.0099 7.559999 23.40149 158.4101 7.599999 23.76151
124.8079 7.659998894 18.72118 144.0092 7.67 21.60138 172.811 7.67 25.92165
115.2073 7.730000019 17.28109 132.0084 7.739999 19.80126 153.6098 7.73 23.04147
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Computational data for Ybel-01/02/03 C0mpressive strength test value

Test Curve(Yb-01) Test Curve(Yb-02) Test Curve(Yb-03)

Force(N) Time(Sec) Stress Force(N) Time(Sec) Stress Force(N) Time(Sec) Stress
0 0 0 0 0 0 0 0 0

9.600614 0.569999993 0.015361 -21.6013 0.58999902 -0.03456 0 0.560000002 0
0 0.649999976 0 -16.801 0.649999976 -0.02688 4.800307 0.649999976 0.00768

4.800307 0.730000019 0.00768 -21.6013 0.730000019 -0.03456 0 0.720000029 0
4.800307 0.810000002 0.00768 -16.801 0.819999993 -0.02688 0 0.810000002 0
7.20046 0.870000005 0.011521 -14.4009 0.879999995 -0.02304 2.400153 0.870000005 0.00384
16.80107 0.959999979 0.026882 -14.4009 0.970000029 -0.02304 -2.40015 0.930000007 -0.00384
7.20046 1.019999027 0.011521 -16.801 1.100000024 -0.02688 -2.40015 1.029999018 -0.00384
4.800307 1.090000033 0.00768 -19.2012 1.169999003 -0.03072 -2.40015 1.100000024 -0.00384
14.40092 1.190000057 0.023041 -2.40015 1.24000001 -0.00384 0 1.190000057 0
14.40092 1.25999999 0.023041 0 1.350000024 0 0 1.25 0
4.800307 1.330000043 0.00768 0 1.409999013 0 -2.40015 1.340000033 -0.00384
12.00076 1.429998994 0.019201 9.600614 1.5 0.015361 -4.8003 1.409999013 -0.00768
-19.2012 1.5 -0.03072 7.20046 1.559998989 0.011521 -2.40015 1.480000019 -0.00384
2.400153 1.669999003 0.00384 2.400153 1.649999976 0.00384 2.400153 1.580000043 0.00384
4.800307 1.74000001 0.00768 16.80107 1.720000029 0.026882 0 1.649999976 0
-4.8003 1.840000033 -0.00768 12.00076 1.820000052 0.019201 0 1.74000001 0
21.60138 1.899999976 0.034562 16.80107 1.889999986 0.026882 2.400153 1.809998989 0.00384
7.20046 1.970000029 0.011521 12.00076 1.950000048 0.019201 -9.60061 1.879999995 -0.01536
7.20046 2.06999898 0.011521 19.20122 2.019999027 0.030722 2.400153 1.940000057 0.00384
14.40092 2.140000105 0.023041 19.20122 2.130000114 0.030722 7.20046 2.039999008 0.011521
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24.00153 2.210000038 0.038402 21.60138 2.190000057 0.034562 -4.8003 2.210000038 -0.00768
14.40092 2.279999018 0.023041 43.20276 2.25999999 0.069124 0 2.309998989 0
-12.0007 2.390000105 -0.0192 36.0023 2.369998932 0.057604 0 2.369998932 0
-2.40015 2.450000048 -0.00384 48.00307 2.430000067 0.076805 -12.0007 2.430000067 -0.0192
4.800307 2.519999981 0.00768 38.40245 2.5 0.061444 7.20046 2.529999018 0.011521
12.00076 2.58999896 0.019201 50.40322 2.56999898 0.080645 2.400153 2.599998951 0.00384
12.00076 2.690000057 0.019201 50.40322 2.670000076 0.080645 4.800307 2.670000076 0.00768
21.60138 2.75999999 0.034562 62.40399 2.74000001 0.099846 -2.40015 2.769999981 -0.00384
7.20046 2.82999897 0.011521 81.60522 2.809998989 0.130568 14.40092 2.83999896 0.023041
12.00076 2.930000067 0.019201 91.20583 2.880000114 0.145929 16.80107 2.910000086 0.026882
21.60138 3 0.034562 105.6067 2.980000019 0.168971 26.40169 2.980000019 0.042243
26.40169 3.059998989 0.042243 105.6067 3.049998999 0.168971 28.80184 3.07999897 0.046083
31.20199 3.130000114 0.049923 127.2081 3.119998932 0.203533 31.20199 3.150000095 0.049923
28.80184 3.24000001 0.046083 148.8095 3.220000029 0.238095 43.20276 3.220000029 0.069124
38.40245 3.299998999 0.061444 168.0107 3.289999008 0.268817 60.00384 3.289999008 0.096006
52.80338 3.380000114 0.084485 170.4109 3.359998941 0.272657 96.00614 3.390000105 0.15361
64.80414 3.450000048 0.103687 189.6121 3.430000067 0.303379 105.6067 3.460000038 0.168971
88.80568 3.549998999 0.142089 230.4147 3.529999018 0.368664 132.0084 3.529999018 0.211213
79.20507 3.609998941 0.126728 247.2158 3.599998951 0.395545 151.2096 3.599998951 0.241935
103.2066 3.680000067 0.165131 278.4178 3.670000076 0.445468 199.2127 3.700000048 0.31874
132.0084 3.789999008 0.211213 312.0199 3.769999981 0.499232 228.0145 3.769999981 0.364823
151.2096 3.859998941 0.241935 350.4224 3.83999896 0.560676 266.417 3.83999896 0.426267
189.6121 3.920000076 0.303379 374.4239 3.910000086 0.599078 309.6198 3.910000086 0.495392
206.4132 4.03000021 0.330261 412.8264 3.980000019 0.660522 398.4254 4.010000229 0.637481
273.6175 4.090000153 0.437788 494.4316 4.090000153 0.791091 460.8294 4.07999897 0.737327
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312.0199 4.159998894 0.499232 556.8356 4.150000095 0.890937 506.4324 4.150000095 0.810292
362.4231 4.230000019 0.579877 612.0391 4.219998837 0.979263 585.6375 4.219998837 0.93702
403.2257 4.300000191 0.645161 667.2427 4.289999008 1.067588 672.043 4.32999897 1.075269
484.8309 4.409998894 0.775729 751.248 4.400000095 1.201997 746.4478 4.400000095 1.194317
542.4347 4.480000019 0.867896 842.4539 4.469998837 1.347926 820.8525 4.469998837 1.313364
602.4385 4.539999008 0.963902 916.8585 4.539999008 1.466974 912.0582 4.53000021 1.459293
710.4454 4.650000095 1.136713 1008.064 4.610000134 1.612902 1094.47 4.639998913 1.751152
828.0529 4.719998837 1.324885 1125.672 4.679998875 1.801075 1192.876 4.710000038 1.908602
902.4578 4.789999008 1.443933 1276.881 4.78000021 2.04301 1296.082 4.78000021 2.073731
974.4624 4.860000134 1.55914 1372.887 4.849998951 2.196619 1420.89 4.849998951 2.273424
1142.473 4.960000038 1.827957 1476.094 4.920000076 2.36175 1596.102 4.960000038 2.553763
1243.279 5.03000021 1.989246 1576.9 4.989998817 2.52304 1713.709 5.019999027 2.741934
1356.086 5.099998951 2.169738 1754.512 5.090000153 2.807219 1848.118 5.090000153 2.956989
1476.094 5.170000076 2.36175 1862.519 5.170000076 2.98003 2054.531 5.159998894 3.28725
1596.102 5.269999027 2.553763 2049.731 5.239998817 3.27957 2280.145 5.269999027 3.648232
1860.119 5.349998951 2.97619 2164.938 5.309998989 3.463901 2414.554 5.340000153 3.863286
1975.326 5.409998894 3.160522 2347.35 5.409998894 3.75576 2556.163 5.409998894 4.089861
2133.736 5.480000019 3.413978 2486.559 5.480000019 3.978495 2709.773 5.480000019 4.335637
2308.947 5.590000153 3.694315 2611.367 5.550000191 4.178187 2930.587 5.57999897 4.688939
2457.757 5.659998894 3.932411 2748.176 5.619998932 4.397082 3074.596 5.650000095 4.919354
2580.165 5.730000019 4.128264 2942.588 5.719998837 4.708141 3218.606 5.719998837 5.14977
2726.574 5.789999008 4.362518 3050.595 5.789999008 4.880952 3377.016 5.78000021 5.403226
2908.986 5.900000095 4.654378 3245.007 5.860000134 5.192011 3677.035 5.889998913 5.883256
3067.396 5.960000038 4.907834 3372.216 5.929998875 5.395546 3821.044 5.960000038 6.11367
3257.008 6.03000021 5.211213 3573.828 6.03000021 5.718125 3974.654 6.03000021 6.359446
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3365.015 6.099998951 5.384024 3696.236 6.099998951 5.913978 4111.463 6.099998951 6.578341
3576.229 6.199998856 5.721966 3837.845 6.170000076 6.140552 4322.676 6.199998856 6.916281
3715.437 6.28000021 5.944699 3960.253 6.239998817 6.336405 4447.484 6.269999027 7.115974
3835.445 6.349998951 6.136712 4137.864 6.340000153 6.620582 4565.092 6.340000153 7.304147
3972.254 6.420000076 6.355606 4286.674 6.409998894 6.858678 4577.092 6.409998894 7.323347
4145.065 6.519999981 6.632104 4399.481 6.480000019 7.03917 4610.694 6.510000229 7.37711
4277.073 6.590000153 6.843317 4603.494 6.57999897 7.365591 4629.895 6.57999897 7.407832
4399.481 6.659998894 7.03917 4629.895 6.650000095 7.407832 4653.897 6.650000095 7.446235
4610.694 6.760000229 7.37711 4646.697 6.719998837 7.434715 4653.897 6.75 7.446235
4675.499 6.82999897 7.480798 4658.698 6.789999008 7.453917 4689.899 6.820000172 7.503838
4682.699 6.889998913 7.492319 4665.898 6.900000095 7.465437 4783.506 6.889998913 7.653609
4704.301 6.960000038 7.526881 4701.9 6.969998837 7.52304 4814.708 6.960000038 7.703533
4725.902 7.070000172 7.561443 4728.302 7.039999008 7.565283 4867.511 7.059998989 7.788018
4735.502 7.130000114 7.576803 4769.104 7.110000134 7.630566 4929.915 7.130000114 7.887864
4742.703 7.210000038 7.588325 4797.907 7.210000038 7.676652 4939.516 7.199998856 7.903226
4752.304 7.28000021 7.603687 4821.908 7.28000021 7.715053 4982.719 7.269999027 7.972351
4793.106 7.380000114 7.66897 4855.51 7.349998951 7.768816 5169.931 7.380000114 8.27189
4821.908 7.449998856 7.715053 4867.511 7.420000076 7.788018 5481.95 7.440000057 8.77112
4848.31 7.519999981 7.757296 4913.114 7.519999981 7.860982 5791.57 7.510000229 9.266512
4862.711 7.590000153 7.780338 5047.522 7.590000153 8.076035 6062.788 7.57999897 9.700461
4913.114 7.659998894 7.860982 5249.136 7.659998894 8.398618 6528.417 7.679998875 10.44547
4977.918 7.769999981 7.964669 5477.15 7.730000019 8.76344 6806.835 7.760000229 10.89094
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Computational data for Ybel-01/02/03 Tensile strength test values

Test Curve(Yb-01) Test Curve(Yb-02) Test Curve(Yb-03)
Force(N) Time(Sec) Stress Force(N) Time(Sec) Stress Force(N) Time(Sec) STRESS
-1896.12 0.569999993 0.03104 60.00384 0.57 0.480031 0 0.560000002 0
-1891.32 0.639999986 0.06944 60.00384 0.66 0.480031 -2.40015 0.649999976 -0.0192012
-1881.72 0.74000001 0.14624 57.60368 0.71 0.460829 -2.40015 0.720000029 -0.0192012
-1879.32 0.810000002 0.16544 64.80414 0.8 0.518433 -16.801 0.790000021 0.134408005
-1874.52 0.879999995 0.20384 64.80414 0.88 0.518433 -16.801 0.889999986 0.134408005
-1838.51 0.980000019 0.49192 136.8087 0.94 1.09447 24.00153 0.959999979 0.192012238
-1720.91 1.039999008 1.43272 276.0176 1.009999 2.208141 187.2119 1.019999027 1.49769519
-1656.1 1.110000014 1.9512 388.8248 1.11 3.110598 367.2235 1.129999995 2.937788086
-1574.5 1.210000038 2.604 456.0291 1.179999 3.648233 424.8272 1.190000057 3.398617676

-1442.49 1.279999018 3.66008 501.6321 1.25 4.013057 480.0307 1.25999999 3.840245605
-1396.88 1.350000024 4.02496 544.8348 1.32 4.358678 518.4331 1.330000043 4.147464844
-1365.68 1.419999003 4.27456 588.0376 1.429999 4.704301 585.6375 1.429998994 4.685100098
-1296.08 1.519999981 4.83136 633.6405 1.49 5.069124 626.4401 1.5 5.011520996
-1269.68 1.590000033 5.04256 672.043 1.559999 5.376344 652.8417 1.570000052 5.222733398
-1231.27 1.659999013 5.34984 722.4462 1.669999 5.77957 708.0453 1.669999003 5.664362305
-1180.87 1.75999999 5.75304 758.4485 1.74 6.067588 739.2473 1.74000001 5.913978516
-1140.07 1.830000043 6.07944 794.4508 1.799999 6.355606 777.6497 1.809998989 6.221197754
-1099.27 1.899999976 6.40584 825.6528 1.87 6.605222 823.2527 1.909999967 6.586021484
-1053.66 2 6.77072 892.8571 1.97 7.142857 854.4547 1.980000019 6.835637695
-1003.26 2.059998989 7.17392 926.4592 2.039999 7.411674 878.4561 2.039999008 7.027648926
-955.261 2.130000114 7.557912 962.4616 2.109999 7.699693 909.6582 2.109998941 7.277265625
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-928.859 2.200000048 7.769128 988.8632 2.18 7.910906 964.8618 2.220000029 7.718894531
-888.056 2.309998989 8.095552 1029.665 2.279999 8.23732 979.2626 2.289999008 7.834100586
-864.055 2.380000114 8.28756 1068.068 2.349999 8.544544 998.4639 2.359998941 7.987711426
-837.653 2.450000048 8.498776 1087.269 2.42 8.698152 1036.866 2.430000067 8.294927734
-808.851 2.519999981 8.729192 1140.072 2.52 9.120576 1063.268 2.529999018 8.506143555
-794.45 2.58999896 8.8444 1156.874 2.589999 9.254992 1087.269 2.599998951 8.698152344
-765.648 2.690000057 9.074816 1200.076 2.66 9.600608 1108.87 2.670000076 8.870959961
-744.047 2.75999999 9.247624 1238.479 2.73 9.907832 1149.673 2.74000001 9.197383789
-727.246 2.82999897 9.382032 1276.881 2.829999 10.21505 1183.275 2.83999896 9.466200195
-686.443 2.930000067 9.708456 1296.082 2.91 10.36866 1197.676 2.910000086 9.581408203
-679.243 3 9.766056 1315.284 2.98 10.52227 1224.078 2.980000019 9.792624023
-660.042 3.06999898 9.919664 1346.486 3.049999 10.77189 1245.679 3.049998999 9.965431641
-636.04 3.140000105 10.11168 1375.287 3.15 11.0023 1284.082 3.150000095 10.27265625
-612.039 3.24000001 10.30369 1420.89 3.22 11.36712 1288.882 3.220000029 10.31105566
-588.037 3.309998989 10.4957 1444.892 3.289999 11.55914 1322.484 3.289999008 10.57987207
-564.036 3.380000114 10.68771 1461.693 3.359999 11.69354 1351.286 3.390000105 10.81028809
-535.234 3.450000048 10.91813 1490.495 3.46 11.92396 1377.688 3.460000038 11.02150391
-525.633 3.549998999 10.99494 1512.096 3.529999 12.09677 1404.089 3.529999018 11.23271191
-508.832 3.619998932 11.12934 1538.498 3.599999 12.30798 1416.09 3.599998951 11.32871973
-492.031 3.690000057 11.26375 1560.099 3.67 12.48079 1456.893 3.700000048 11.65514355
-463.229 3.789999008 11.49417 1605.702 3.77 12.84562 1464.093 3.769999981 11.71274414
-439.228 3.859998941 11.68618 1620.103 3.839999 12.96082 1492.895 3.83999896 11.94316016
-436.827 3.930000067 11.70538 1639.304 3.91 13.11443 1509.696 3.910000086 12.07756836
-410.426 4 11.91659 1660.906 3.98 13.28725 1538.498 4.010000229 12.30798438
-398.425 4.099998951 12.0126 1694.508 4.09 13.55606 1557.699 4.07999897 12.4615918
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-384.024 4.170000076 12.12781 1708.909 4.159999 13.67127 1569.7 4.150000095 12.55759961
-369.623 4.239998817 12.24302 1723.31 4.23 13.78648 1612.903 4.25 12.90322363
-355.222 4.309998989 12.35822 1735.311 4.3 13.88249 1639.304 4.320000172 13.11443164
-345.622 4.420000076 12.43502 1776.113 4.369999 14.2089 1639.304 4.389998913 13.11443164
-333.621 4.489998817 12.53103 1795.314 4.469999 14.36251 1660.906 4.449998856 13.28724805
-316.82 4.550000191 12.66544 1816.916 4.539999 14.53533 1689.708 4.559998989 13.51766406
-304.819 4.619998932 12.76145 1824.116 4.61 14.59293 1708.909 4.630000114 13.67127246
-280.817 4.730000019 12.95346 1848.118 4.679999 14.78494 1718.51 4.699998856 13.74808008
-278.417 4.789999008 12.97266 1881.72 4.789999 15.05376 1742.511 4.800000191 13.94008789
-261.616 4.860000134 13.10707 1903.321 4.86 15.22657 1773.713 4.869998932 14.1897041
-259.216 4.929998875 13.12627 1924.923 4.929999 15.39938 1792.914 4.940000057 14.34331152
-244.815 5.03000021 13.24148 1934.523 4.989999 15.47618 1814.516 5.010000229 14.51612793
-237.615 5.099998951 13.29908 1958.525 5.099999 15.6682 1836.117 5.110000134 14.68893555
-235.215 5.170000076 13.31828 1970.526 5.17 15.76421 1860.119 5.179998875 14.88095215
-213.613 5.28000021 13.4911 1999.328 5.239999 15.99462 1862.519 5.25 14.90015234
-201.612 5.349998951 13.5871 2004.128 5.309999 16.03302 1872.119 5.320000172 14.97695215
-194.412 5.420000076 13.6447 2030.53 5.409999 16.24424 1900.921 5.420000076 15.20736816
-182.411 5.489998817 13.74071 2059.331 5.48 16.47465 1910.522 5.489998817 15.28417578
-175.211 5.559998989 13.79831 2073.732 5.55 16.58986 1941.724 5.559998989 15.53379199
-172.811 5.659998894 13.81751 2090.533 5.619999 16.72426 1956.125 5.630000114 15.649
-165.61 5.730000019 13.87512 2114.535 5.719999 16.91628 1975.326 5.730000019 15.8026084
-160.81 5.800000191 13.91352 2133.736 5.789999 17.06989 1989.727 5.800000191 15.91781641
-160.81 5.900000095 13.91352 2138.536 5.86 17.10829 1996.927 5.869998932 15.97541602
-165.61 5.969998837 13.87512 2157.738 5.929999 17.2619 2013.728 5.940000057 16.10982422
-168.01 6.039999008 13.85592 2191.34 6.039999 17.53072 2037.73 6.039999008 16.30183984
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-168.01 6.110000134 13.85592 2208.141 6.11 17.66513 2049.731 6.110000134 16.39784766
-168.01 6.210000038 13.85592 2220.142 6.179999 17.76114 2068.932 6.179998875 16.55145508
-180.011 6.28000021 13.75991 2241.743 6.25 17.93394 2088.133 6.25 16.70506445
-168.01 6.349998951 13.85592 2260.944 6.349999 18.08755 2100.134 6.360000134 16.80107227
-180.011 6.420000076 13.75991 2272.945 6.42 18.18356 2116.935 6.429998875 16.93548047
-184.811 6.519999981 13.72151 2296.947 6.59 18.37558 2136.136 6.5 17.08908789
-180.011 6.590000153 13.75991 2301.747 6.69 18.41398 2143.337 6.570000172 17.14669531
-189.612 6.769999981 13.6831 2296.947 6.76 18.37558 2164.938 6.670000076 17.31950391
-189.612 6.869998932 13.6831 2296.947 6.829999 18.37558 2200.94 6.809998989 17.60751953
-192.012 6.940000057 13.6639 2284.946 6.9 18.27957 2222.542 6.880000114 17.78033594
-182.411 7.010000229 13.74071 2268.145 7.01 18.14516 2236.943 6.949998856 17.89554492
-184.811 7.07999897 13.72151 2260.944 7.07 18.08755 2248.943 7.059998989 17.99154492
-177.611 7.150000095 13.77911 2256.144 7.139999 18.04915 2265.745 7.130000114 18.12596094
-182.411 7.25 13.74071 2251.344 7.21 18.01075 2268.145 7.199998856 18.14516016
-182.411 7.320000172 13.74071 2258.544 7.32 18.06835 2282.546 7.269999027 18.26036719
-175.211 7.389998913 13.79831 2251.344 7.389999 18.01075 2277.745 7.369998932 18.22196094
-175.211 7.5 13.79831 2244.143 7.46 17.95314 2294.546 7.440000057 18.35636719
-170.41 7.559998989 13.83672 2234.542 7.53 17.87634 2277.745 7.510000229 18.22196094
-168.01 7.630000114 13.85592 2239.343 7.63 17.91474 2282.546 7.57999897 18.26036719
-158.41 7.699998856 13.93272 2239.343 7.699999 17.91474 2284.946 7.690000057 18.27956836
-168.01 7.800000191 13.85592 2239.343 7.77 17.91474 2270.545 7.760000229 18.16435938
-156.009 7.869998932 13.95193 2244.143 7.84 17.95314 2251.344 7.82999897 18.01075195
-156.009 7.940000057 13.95193 2244.143 7.949999 17.95314 2256.144 7.900000095 18.04915234
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Annex- 2

Picture; Jaw crusher: machine used to crush scraps (stone like

materials)
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