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Abstract

The objective of this research is to study the amount of titanium dioxide that
affects to adhesion properties and the mechanical properties of composite materials
reinforced with fiberglass and epoxy resin. At the present, high-speed train technology
has been used and study. From the study, it was found that the weight of the train affects
the speed of the train. Therefore, composite materials are one of the options that are used
in production of train’s body because of their light weight and high strength. In addition,
titanium dioxide (TiOy) is added to the composite material to increase the self-cleaning
ability. In this study, the experiment starts by making composite materials that are
reinforced with fiberglass fibers and epoxy resin and vary the amount of titanium dioxide
thatis 0, 1, 2, 3, 4, and 5 percent by weight (of epoxies). To study the adhesion properties
and mechanical properties of the material, Contact angle measurement, Tensile Testing
Machine, and Izod Impact Testing Machine are measured. The result from the experiment
shows that an increase of the amount of titanium dioxide increased the contact angle from
the contact angle measurement. It means that the material has the hydrophobic property.
When the material is tested with the Tensile Testing Machine, it was found that an
increase of titanium dioxide can increase the strength of the material, but the elasticity of
the material decreases due to the formation of chain entanglement in matrix system. For
the Izod Impact tests, when amount of titanium dioxide increases, the impact strength of

the material decreases.

Keywords: Titanium dioxide, High-speed train, Adhesion properties, Composite
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INTRODUCTION
1.1 Background

Nowadays, transportation are necessary to drive the development of economic.
This transportation is not only the freight but also includes the traveling of people. An
effective transportation is the main factor to improve the level of economic development
of the country to the international, including new opportunities for trade and tourism.
There are many ways to transport in Thailand. One of the most widely used is rail

transport or transportation by trains.

From the previous reason, rail’s transportation has been improved to get more
efficiency. The innovations that has been attracted attention is the production of high-
speed train. In recent years, high-speed train has been studied and developed in the part
of rail systems, power and energy systems, the material that used to produce this train,
and others. For material part, it was found that an decrease of weight is significant to
increase train’s speed ability. Therefore, the composites are one of choices that many
studies pay more attention to use in train’s body production because the composites is

lightweight and strong material.

Moreover, titanium dioxide (Ti0y) is added into the composite to increase its self-
cleaning ability. One of the properties of titanium dioxide is the chemical catalytic
activity of the surface of titanium dioxide particles especially in the anatase type when
it’s under the sun or ultraviolet. Titanium dioxide particles helps to eliminate emission
from car exhaust and degradation of the dirt on the surface of the material. Moreover, the
surface of material coated with titanium dioxide has good adhesion properties. When it
rains, rainwater it spread over the material and removes the dirt that has already been

degraded.

In this work, adhesion properties between surface with titanium dioxide and water
and mechanical properties of materials were study. Composite materials were prepared
by polyethylene plastic swathed with fiberglass fabric, €poxy is a bonding agent for
fiberglass fabric to remain at the surface of the plastic. In the epoxy used, there were
added titanium dioxide particles in different amount of its to compare the adhesion
properties by the contact angle measurement. However, mechanical properties of
materials are required to study for further usage. Tensile Testing Machine and Izod

Impact Testing Machine were used to analysis this properties.
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Objectives
To get the optimum point of the amount of titanium dioxide added into the

specimen in both ways of adhesion properties and mechanical properties.

Scopes of Work

The amount of titanium dioxide are used to study is 0%wt. to 5%wt..
Study adhesion properties by contact angle analysis.

Study mechanical properties by tensile testing analysis and impact testing
analysis.

Expect outputs
Composite that coated with fiberglass fabric in epoxy with titanium dioxide.
The trend between titanium dioxide particles and adhesion properties.

The trend between titanium dioxide particles and mechanical properties.



CHAPTER II
LITERATURE REVIEW

2.1 Theory
2.1.1 Titanium dioxide (TiOz)

Titanium is the most common element that found in the Earth’s crust, plants,
and animals. It is naturally interacts with oxygen to form titanium oxides that found in

ores, indigenous dusts, sands and soils.

\

Figure 2.1 Structure of titanium dioxides

Titanium dioxide has a properties to be a photocatalyst. When sunlight particle
or ultraviolet (UV) rays is struck, the electrons will move in position and react chemically
to form hydroxyl radicals and the negative ions of superoxide that can degradable the
organic compound on the surface to carbon dioxide and water. It also eliminates bacteria,

viruses, fungi and other pathogens as well.

\Rj;duction
e Superoxide radical

Y 0;

(Disproportionation)
Reduction

H,0, Hydrogen peroxide

HZOZ - ¢ 4 (F_{-eduction
Hydroxyl radical

Figure 2.2 Photodegradation of titanium dioxides



Titanium dioxide also has a hydrophilic properties. Under the UV irradiation,
the oxygen ions in the air are adsorbed and become chemically adsorbed water (surface
hydroxyl groups), so the surface of the TiO, will present the hydrophilic characteristics.
When the UV irradiation is stopped, the chemical adsorption of hydroxyl will stop and
replaced by the oxygen in the air, then returns to the hydrophobic state. Organic matter
adsorbed on the surface will turns to the hydrophobic state too. After that, water droplets
on the surface will replace the organic matter that adsorbed at the surface and wash away

organic dirt. This reaction is a self-cleaning mechanism

H.,O H,0
O. h OH OH OH OH

/\/\ / /
\/\/ \/\/ \/\/

in the dark :> UV irradiation |:> water absorption

Figure 2.3 Hydrophilic properties of titanium dioxides

2.1.2 Epoxy resin

Epoxy resins, also known as polyepoxides, are polymers that contain epoxide
groups. There are low molecular weight pre-polymers or higher molecular weight
polymers which normally contain at least two epoxide groups. The epoxide group is also

referred to as a glycidyl or oxirane group.

OH
O @)
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Figure 2.4 Structure of epoxies



Epoxies generally out-perform most other resin types in terms of mechanical
properties and resistance to environmental degradation, that leads to their almost use in
aircraft components. As a laminating resin their increased adhesive properties and
resistance to water degradation make these resins ideal for use in applications such as

boat building.

Epoxies are cured by a 'hardener rather than a catalyst. The hardener, often an
amine, is used to cure the epoxy by an 'addition reaction' where both materials take place
in the chemical reaction. The chemistry of this reaction means that there are usually two
epoxy sites binding to each amine site. This forms a complex three-dimensional

molecular structure.

2.1.3 Fiberglass

A fiberglass is a form of fiber-reinforced plastic where glass fiber is the
reinforced plastic. The glass fiber is usually flattened into a sheet, randomly arranged or
woven into a fabric. According to the usage of the fiberglass, the glass fibers can be made

of different types of glass.

It is cheaper and more flexible than carbon fiber, and stronger than many metals
by weight. Moreover, fiberglass can be molded into complex shapes. Due to High Tensile
Strength, Dimensional Stability, Low elongation under load, High Heat Resistance, Fire
Resistance, Good Thermal Conductivity, Good Chemical Resistance, and others,

fiberglass is widely used in bathtubs, boats, aircraft, roofing, and other applications.

2.1.4 Composite materials

A composite material is a material that made from two or more materials with
significantly different physical or chemical properties. When combined all material,
composite will have different characteristics from the individual components. The
individual components remain separate and distinct within the finished structure,

differentiating composites from mixtures and solid solutions.

The main advantage of this composite materials is lightweight and strong.
Choosing of appropriate combination of matrix and reinforcement material makes a new

material that exactly gets the requirements of application. Composites also have design



flexibility because many of them can be molded into complex shapes. But the
disadvantage is the cost. Although the resulting product is more efficient, the raw

materials are often expensive.

2.1.5 Adhesion properties

Adhesion is the tendency of dissimilar particles or surfaces to cling to one
another (cohesion refers to the tendency of similar or identical particles or surfaces to
cling to one another). The following Figure shown that the particles have adhesion with

surfaces more than cohesion of its particles.

Adhesion

— V>

Cohesion

Adhesion > Cohesion

Figure 2.5 Relation between adhesion and cohesion

Adhesion also refers to hydrophilic properties when the particles is water. If the
water and surface have a good adhesion, the water will be well disperse on the surface.
It is mean that the surface have a hydrophobic properties. On the other hand, If the surface
have a hydrophobic properties, the water will not well disperse on the surface. So there
are cohesion more than adhesion, then occurring the drop of water on the surface. In this
case, hydrophilic and hydrophobic properties can analyzt from contact angle
measurement. The following Figure show that hydrophilic surface have a good disperse

of water more than hydrophobic surface.



Contact angles

Figure 2.6 Relation between hydrophilic surface/ hydrophobic surface with contact

angle.

2.1.6 Tensile testing analysis

In this work, ASTM D638 is use for tensile test methods for resin material.
Sample should prepare in dumbbell shaped. The variable in figure 2.7 can be used the

value in the following table 2.1.

I3

—

b1
b2

& &\ NN N

Figure 2.7 Example of the samples in dumbbell shape



Table 2.1 ASTM D638 Specimen Dimensions

Type Type Type Type Type
Size
I II 111 v A%
Full length,/s 165 185 165 115 -
Parallel length,/; 57 57 57 33 63.5
Gauge length,i; 50 50 50 25 g
Parallel section 13 6 19 6 7.62
width,strong:
Thickness,’ 7 mm or less 7mm to 4mm or less
Recommend 14mm
3.2+0.4 mm
Grip section 19 19 29 19 9.53
width,strong>
Distance 115 135 115 65 254
between grips

The test method involves placing the test sample in the testing machine, then

where

AL L-L,

E = -IS__

L is the final length. (m)

Lo

€ is engineering strain (Pa)

AL is the change in gauge length (m)
Ly is the initial gauge length (m)

slowly extending it until it fractures. During this testing, the elongation of the gauge
section is recorded against the applied force by computer. The data is manipulated so that
it is not specific to the geometry of the test sample. The elongation measurement is used

to calculate the engineering strain, €, by using the following equation




The force measurement is used to calculate the engineering stress, o, by using the

following equation

where

-]

n

A

()

o is engineering stress (Pa)
F is the tensile force (N)

A is the nominal cross-section of the specimen. (m?)

The machine does these calculations as the force increases, so that the data points

can be graphed into a stress—strain curve as F igure 2.8.

uTs

(83104 paljddy o) S50 i

Figure 2.

Break or Rupture Point
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¢

Proportional Limit
or Elastic Limit

The slope of the linear part of the
# curve anywhere below the Elastic
~ Limit is equivalent to Young's
Modulus of Elasticity

o

Strain (or Change in Length) S————

8 Example of the graph between stress and strain

2.1.7 Izod impact testing analysis

In this work, A

STM D256 is used for Izod impact testing methods for resin

material. Sample have to prepare in rectangle with notch. The following Figure shown

the dimension of Izod-Type Test sample. The variable in figure 2.9 can be used the value

from following Table 2.

2
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IMPACT END '(,\“ D w

Figure 2.9 Dimensions of Izod-Type Test Specimen

Table 2.2 ASTM D256 Specimen Dimensions

A 10.16 £ 0.05 mm
B 31.8 £ 1.0 mm
® 63.5+ 2.0 mm
D 0.25R £ 0.05 mm
E 12,70 = 0.20 mm

Molded samples will have a width between 3.0 and 12.7 mm. and notching will

be done on a milling machine.
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2.2 Literature Review

Rail way transportation system have been improve for many years. Nowadays,
High-speed train are widely used around the world. The analysis of the recorded data
indicated that the amplitude of vertical stresses, vertical deflections and strains caused
by train axles were amplified with train speed. The train speed effect on both stress and
strain was significantly attenuated. For this reason, material that was used for body of

train have to be light weight and strong. [11]

Titanium dioxide was added into this composite. The effect of particle
dispersion situation on the mechanical properties of nanocomposites has been studied.
Tensile strength TiO; effect to Tensile strength because of plasticizing behavior of TiO,

into epoxy. [12]
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CHAPTER III
RESEARCH METHODOLOGY

This work focuses on the titanium dioxide particles in epoxy resin that coated on
the plastic with fiberglass fabric to improve the adhesion properties. The increasing of
titanium dioxide particles will significant increasing of adhesion properties, But this
increasing also effects the other properties of composites t0o. For this reason, mechanical
properties like tensile strength, impact factor of composite are required to study. The

steps in this experiment and study are as follows.

3.1 Composites preparation

3.1.1 chemical and material
1. Polyethylene sheet
2. Fiberglass fabric
3. Epoxy resin
4. Hardener

5. Titanium dioxide (TiO») particle

3.1.2 Equipment and apparatus
1. Beaker

[\S)

. Analytical balance
3. Pipette
4. Graduated cylinder

W

. Stirring rod

6. Oven

7. Wash Bottle

8. Forcep stainless
9. Filtering funnel
10. Nitrile glove
11. Sandpaper

12. Cutter
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13. Watch glass
14. Nitrile glove

3.1.3 Procedures
1. Preparation of Epoxy resin with Titanium dioxide

1. Prepare the mixture of epoxy resin and hardener at ratio of | 00 : 54 by weight
respectively.
2. Add titanium dioxide for 1 %wt. into the mixture, then mixed to homogenous

solution.

2. Composites coating

1. Cut polyethylene sheet into 1 dumbbell shape and 2 rectangles shape. Sized
of workpieces are based on American Society of Testing and Materials (ASTM)
for tensile testing analysis (ASTM D63 8), Izod impact testing analysis (ASTM

D256), and contact angle analysis, respectively.

2. Prepare the work surface to be coated. Wash and polish with brush to remove
the dirt, then dry at room temperature.

3. Use sandpaper polish the polyethylene sheet to make it rough.

4. Dip fiberglass fabric into the epoxy solution that prepared until the solution
seeps into the fiberglass surface. Then use the fiberglass impregnated with this
solution coated on polyethylene sheet.

5. Put the composite on the glass or ceramic and bring into oven at 50 °C for 3

hours.

3. Comparison of the amount of titanium dioxide particles

1. Repeat the above steps, but varying the titanium dioxide particles from
1 %wt. to 2 %wt., 3 %wt., 4 %wt., 5 %wt. and no titanium dioxide particles for
each experimental.

2. Prepare 1 set of polyethylene in 1 dumbbell shape and 2 rectangles shape

without coating.
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3.2 Study of composites properties
3.2.1 Adhesion properties

1. Bring the samples from previous steps in contact angle measurement.

2. Record the angle, o (deg) for each samples.

3. Plot graph of the relationship between angle and the amount of

titanium dioxide particles coated on composite.

3.2.2 Tensile properties

1. Bring the samples from previous steps in Tensile Testing Machine.

2. Record the data and graph of relationship between stress and strain

from the computer for each samples.

3. Plot graph of the relationship between tensile and the amount of

titanium dioxide particles coated on composite.

3.2.3 Izod impact properties
1. Bring the samples from previous steps in Izod impact Testing
Machine.

2. Record the impact value for each samples.

3. Plot graph of the relationship between impact and the amount of

titanium dioxide particles coated on composite.
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CHAPTER IV
RESULTS AND DISCUSSIONS

This work aims to study the amount of titanium that affects to adhesion properties and
mechanical properties. For the adhesion properties, contact angle analysis is used to analyze this
properties. Contact angle shows the ability of hydrophilic properties and hydrophobic properties
between surface and water. If contact angle is high, it means they have cohesion properties more

than adhesion properties. That refers to the hydrophobic properties.

For the mechanical properties, Tensile testing machine and Izod impact testing machine
are used to study the tensile and impact factor of material respectively. Tensile testing machine
works by placing the specimen in the machine between the grips and an extensometer. Then the
machine records the displacement between its cross heads on which the specimen is held by itself.
Once the machine is started, it begins to apply an increasing load on specimen. Throughout the
tests the control system and its associated software record the load and extension or compression

of the specimen until the specimen will torn apart.

Izod impact testing is a method to determine the impact resistance of materials. The
results are expressed in energy lost per unit of thickness at the notch. Alternatively, the results

are reported as energy lost per unit cross-sectional area at the notch.

Figure 4.1 Specimens for adhesion properties and mechanical properties testing
*#*The specimens can be used for contact angle meter measurement

before mechanical properties testing***
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Contact Angle Measurement

6 specimen are used to apply this test. For 0 %wt. of TiOz2 to 1 %wt., 2 %wt., 3
%wt., 4 %wt., 5 %wt., the conditions used for this machine are following.
g

Table 4.1 Contact Angle test conditions.

Conditions Value
Dosing Volume (uL) 5.000
Dosing Rate (uL/s) 1.00

Syringe Liquid Water

The results for contact angle measurement show in Figure 4.2 The contact angle
between surface and water are average by (CA left + CA right)/2 that are 58.00 °, 62.45 °,
64.05 °, TH 1 0°% 7 8465 P=and/8s. I35,

The results show that the amount of titanium dioxide affects to adhesion
properties significantly. When titanium dioxide was increased, contact angle also
increased due to its surface morphology. The contact angle seems to depend on surface

roughness. Rough surface seems to show a higher hydrophobic effect.

Table 4.2 Contact Angle between surface and water.

The amount of Contact Angle
TiO2 Left Right Average
0 Y%wt. = 7 i1 58.5° 58.00 °
1 %wt. 6.5 ° 62.4° 62.45°
2 %wt. 63.0° 65.1° 64.05 °
3 %wt. 7027 72.0° 71.10 °
4 %wt. 747 e 76.2-° 76.65 °
5 Y%wt. 582° 85.1° 85.18 °
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Figure 4.2 Contact angle between surface and water (a) 0 %wt. of T102, (b) 1 %wt. of

TiO2, (c) 2 %wt. of TiOs, (d) 3 %wt. of TiO, (e) 4 %wt. of TiOs, (f) 5 %wt. of TiO,.

Tensile Testing Machine

6 specimen are used to apply this test. For 0 %wt. of TiO, to 1 %wt., 2 %wt., 3

%owt., 4 %wt., 5 %wt. The conditions used for this machine are following.

Table 4.3. Tensile Testing Machine Conditions.

Conditions Value
Product Name Composite
Testing Machine AG-X
Test Mode Single
Test Type Tensile
Speed 10 mm/min
Shape Plate
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The results from the Tensile Testing Machine not only show the graph between
strain and stress but also compute elastic, yield point, max force, max stress, break stress,
and break strain as shown in table 4.4. Figure 4.3 shows the relationship between stress

and strain. Plotting the graph between the amount of titanium dioxide and Elastic & the

amount of titanium dioxide and Yield point as shown in figure 4.4 and 4.5 respectively.

Graph between stress and strain have a trend to increase as a linear that refer to

Hook’s law until yield point. After that, fiber glass coated on the material brakes until all

of them separate from each other. Then, graph decreases.
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Table 4.4 Data processing items.
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: Yield Max Max Break Break
Name Elastic ; :
Point force stress stress strain
Stress Calc. at | Calc. at PO S Lo
Parameters | 10-20 0.1% Entire Entire Sens;t(;wty. Sens;t(;wty.
MPa Areas Areas
Units GPa MPa N MPa MPa %
0 %wt. 3.33651 | 48.4559 | 6020.51 | 54.2366 51.8384 4.28724
1 %wt. 3.25271 | 48.8462 | 5973.24 | 72.5392 68.4620 3.15199
2 %wt. 2.09070 | 67.0881 | 5747.72 | 66.3264 66.3264 3.30768
3 %wt. 2.86097 | 67.8462 | 5726.43 | 69.5145 69.5145 3.30768
4 %wt. 2.79955 | 68.3933 | 5077.09 | 72.5126 65.3426 3.26832
5 %wt. 2.79011 | 73.4983 | 4307.00 | 48.3389 48.3389 2.2471
Yield point (Mpa)
80
.4983

e 6708818678462 M

60

50 ; 48.8462
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Figure 4.4 Relationship between the amount of titanium dioxide and Yield point
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Figure 4.5 Relationship between the amount of titanium dioxide and Elastic

It was found that the elastic of the material decreased when the amount of TiO;
was increased. Decreasing is not significant. Yield point of material increased when the
amount of TiO, was increased. However, at 2 %wt. of TiO,, the increasing amount of

TiO2 is not significant.

The reason for this effect can be explained as particle loading increases. The
resulting composites seem to see more and more particle to particle interaction rather

than the intended particle to polymer interaction. Particle to particle interaction leads to

agglomerated particles and affects to mechanical properties.

Izod Impact Testing Machine

6 specimen are used to apply this test. For 0 %wt. of TiO; to 1 Y%owt., 2 %wt., 3

%wt., 4 %wt., 5 %wt. The conditions used for this machine are following.

Table 4.5 Izod Impact Testing Machine Conditions

Conditions Value
Izod 3.46 m/s
Hammer 2.757
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A test specimen having a V-shaped notch is fixed vertically, and the specimen
is broken by striking it from the same side as that of the notch by the use of the hammer.
The fracture energy is determined from the swing-up angle of the hammer and its swing-
down angle. The Izod impact value (J/m?, kJ/m?) is calculated by dividing the fracture

energy by the width of the specimen. The Izod impact value of each specimen is in

following table.
Table 4.6 Izod Impact Testing data
Specimens Width Thickness E (kJ/m?) Angle
0 %wt. 10.20 3.19 83.5925 345°
1 %wt. 10.20 3.19 83.5925 495°
2 %wt. 10.20 3.19 83.5925 35572
3 %wt. 10.20 3.20 83.3313 375
4 %wt. 10.30 3.20 72.1200 23.30:°
5 %owt. 10.30 3.20 56.1944 2030

According to the values from the test to the plot graph between the amount of
titanium dioxide and Izod Impact Value, It was found that the amount of titanium
dioxide do not affect to Izod Impact Value in small quantities of titanium dioxide. After
that, the energy decreased when the amount of titanium dioxide are increased as shown

in figure 4.6.

E (kJ/m?)
90

80

70
60
50
40
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20
10

0
0 %wt. 1 %wt. 2 %wt. 3 %wt. 4 %wt. 5 %wt.

Figure 4.6 Relationship between the amount of titanium dioxide and Izod Impact Value
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Figure 4.7 Relationship between the amount of titanium dioxide and Elastic & Yield

Point & Izod Impact Energy

From the previous test, the contact angle increased by the increasing of the

amount of titanium dioxide. It was found that the optimum point is at 2%wt titanium

dioxide because the increasing of TiO2 do not affect in better way. At 2%wt. of TiO;

have contact angle, elastic, yield point, and Izod impact energy equal to 64.05 °, 2.097
GPa, 67.0881MPa, and 83.5925 kJ/m? respectively.

CHAPTER V
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CONCLUSIONS

5.1 CONCLUSIONS

In this research, it is expected to study the effect of titanium dioxide to adhesion
properties and mechanical properties. The experiment of this research begins with the
preparing the specimens for contact angle measurement, tensile testing machine, and Izod
impact testing machine. For tensile testing machine, and Izod impact testing machine,
the shape of specimens refer by ASTM D638 and ASTM D256 respectively. Then,
coating the composite by fiberglass and epoxy that vary the amount of titanium dioxide
from 0 %wt. to 1 %wt., 2 Yowt., 3 %wt., 4 %wt., 5 %wt. The result from the contact angle
measurement shows that the contact angle increased by increasing of titanium dioxide
due to its surface morphology. Rough surface shows an effect of higher hydrophobic. For
mechanical properties testing, it was found that an increase of titanium dioxide affects to
decreasing of elastic and Izod impact energy and increasing of yield point. For elastic,
the decreasing is non-significant. The reasons of this effect is agglomerated particles that
occur in the composite. Finally, when considering the significant value of contact angle,
[zod impact, yield point. It was found that the optimum point is at 2%wt titanium dioxide

is. that have contact angle, elastic, yield point, and Izod impact energy equal to 64.05 °,

2.097 GPa, 67.0881MPa, and 83.5925 kJ/m? respectively.

5.2 SUGGESTIONS
1) Substitute the titanium dioxide particle by titanium dioxide nanoparticle to
increase distribute ability.

2) Study the effect of fiberglass to mechanical properties by varying the layer.
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A: Properties of materials

1A: Technical data sheet Epoxy resin BE-333

BE-333 is a liquid. Unmodified bisphenol A-cpichlorohydrin cpoxide resin
which is light straw-color has medium viscosity. BE-333 is one of the most standard
liquid resin which can be cured with amine, anhydride, polyamine, or other hardeners
depending upon desired and properties. The products have excellent chemical resistance,
superior physical and electrical properties, maximum heat resistance and excellent
adhesion. BE-333 can be cured at room or elevated temperatures depending upon choice

of hardener.

Specification

Weight per Epoxy Equivalent (WPE) 182-192
Viscosity, Brookfield, cpsyR 5% 11,000-15,000
Color, (APHA) <30

Specific Gravity 1.15-1.18
Nonvolatile %wt. 99.7 min
Chlorine, Hydrolyzable, ppm < 1,000

Application

Protective Coating

Casting. Potting & Encapsulation for Electrical Components
Laminating

Tooling

Civil Engineering

Adhesive
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Package 220 kgs net weight in new iron drum
Storage BE-333 should be stored in dry conditions away from the resin

may have a storage life of at least one year.

2A: Technical data sheet  EP-HARDENER 17

Chemical Type

Cycloaliphatic polyamine adduct
H-equivalent weight (f.0.d.) 100 g/mol

From of Delivert (f.0.d.) 100%

Special Properties and Use

Relatively low yellowing — tendency.
With liquid epoxy resins for self-levelling flooring compounds

casting compounds and laminates.

Distinguishing Features

EP-HARDENER 17 is lower in reactivity than

Suggested Uses and Processing

EP-HARDENER 17 is a modified polyamine with very low
viscosity, for use together with liquid epoxy resins for flooring
compounds with good chemical resistance and low yellowing

tendency.

For thin walled laminates a post cure of 2-3 hours at 40-50 °C

1s necessary prior to deforming.



Mixing Ratio and pot Lire

A blend of

Product Data
Determined per batch:

Dynamic Viscosity

Amine Value

Iodine Colour Number

Not continually determined

Dynamic Viscosity:

Density, 20°C:

Flash point (°C)

Storage Stability

28

100 g EP-HARDENER
54 ¢ EH-HARDENER 17

Starts to gel at 23 °C after approx.

45-60 minutes.

90-120 mPa.s (DIN 3219, at 500 1/s;
23°C)

300-350 mg KOH/g (DIN 16945/5.6)

EP-HARDENER 17 is lower in
reactivity than

80-100 mPa.s (DIN 3219, at 500 1/s:
23°C)

1.00 approx. g/cm® (DIN 2811-2)

>96 °C (DIN 2719, F ensky-Martens)

At temperature up to 25°C storage stability packed in original containers

amounts to at least 365 days.

Safety At Work and Environmental Protection

When handling and processing epoxy resins and hardeners, the rules and
regulations established by local authorities should be observed. A material Safety

Data Sheet is available on request.



B: Specimen preparation
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C: Tensile Testing method

Figure B1. Specimens for adhesion properties

and mechanical properties testing(before coating).

0%wt. 1%wt.
Time | Force Stroke Time | Force Stroke
sec N mm sec N mm
0| -6.35783 0 0| -5.80152 0
0.01| -6.35783| 4.17E-05]| 0.01 | -5.80152| 6.25E-05
0.02| -6.35783 | 0.000438 | 0.02 | -5.80152 | 0.000438
0.03 |- -6.37372' | 0.0012711'0.03 | -5.80152/ 0001271
0.04 | -6.40551 | 0.002354 | 0.04 | -5.80152 | 0.002354
0.05| -6.40551 | 0.003625 | 0.05 -5.8492 | 0.003625
0.06 | -6.40551 | 0.004938 | 0.06 -5.8492 | 0.004938
0.07 | -6.40551 | 0.006313 | 0.07 -5.8492 | 0.006292
0.08 | -6.40551 0.00775 | 0.08 -5.8492 0.00775
0.09 | -6.40551 | 0.009292 | 0.09 -5.8492 | 0.009313
0.1 | -6.40551| 0.010938| 0.1 -5.8492 | 0.010958
0.11 ] -6.40551 | 0.012604 | 0.11 -5.8492 | 0.012646
0.12| -6.40551 | 0.014292 | 0.12 -5.8492 | 0.014333
0.13| -6.40551| 0.015979 | 0.13 -5.8651 | 0.016021
0.14 | 4.990896 | 0.017667 | 0.14 | 13.28786 | 0.017688
0.15 15.7992 | 0.019333 ] 0.15| 20.01127 | 0.019375




0.16 | 20.18611| 0.021021 | 0.16 | 25.43131 | 0.021042
0.17] 25.71742 | 0.022688 | 0.17 30.4381 | 0.022708
0.18 | 31.20104| 0.024354 | 0.18 | 36.16015 | 0.024375
0.19| 36.97078 | 0.026021 | 0.19 | 41.77094 | 0.026042

0.2 | 42.42261| 0.027708 | 0.2 | 47.28635| 0.027708
0.21 | 47.04793 | 0.029396 | 0.21 | 53.99386 | 0.029417
0.22 | 52.67461 | 0.031104 | 0.22 | 59.81128 | 0.031104
0:23 |- *57,53835 | 0.032797 | 0.93 65.0247 | 0.032813
0.24| 62.43388 0.0345 | 0.24 69.9679 0.0345
0.25| 66.58236 | 0.036167 | 0.25 | 74.72038 | 0.036167
0.26 | 71.28716 | 0.037813 | 0.26 | 80.34706 | 0.037854
0.27 | 75.68995 0.0395| 0.27 86.1009 0.0395
0.28 | 79.91791 | 0.041146 | 0.28 | 90.94874 | 0.041167
0.29 | 84.79754 | 0.042792 | 0.29 | 95.68533 | 0.042813

0.3 | 89.15266 | 0.044458 | 0.3 | 100.4219 | 0.044458
0.31 | 93.92103 | 0.046104 | 0.31 | 105.3333 | 0.046104
0.32| 98.41919 | 0.047771| 0.32 | 110.5467 | 0.047771
0.33 101.916 | 0.049417 | 0.33 | 115.4105| 0.049438
0.34| 106.0486 | 0.051083 | 0.34 120.004 | 0.051104
0.35| 110.6898 | 0.052771 | 0.35| 124.6134 | 0.052771
0.36 | 115.3946 | 0.054438 | 0.36 | 128.9527 | 0.054438
0.37] 119.6384 | 0.056104 | 0.37 | 134.4999 | 0.056125
0.38 124.836 | 0.057771 | 0.38 | 139.3477 | 0.057792
0.39 | 128.6348 | 0.059438 | 0.39 | 144.1002 | 0.059458

0.4 | 132.2746 | 0.061104 | 0.4 | 148.1851 | 0.061104
0.41 | 136.6933 | 0.062771 | 0.41 | 152.7309 | 0.062771
0.42 | 140.8418 | 0.064417 | 0.42 | 157.1973 | 0.064417
0.43 | 1454512 | 0.066083 | 0.43 | 162.4743 | 0.066083
0.44 | 150.1401 0.06775 | 0.44 167.64 0.06775
0.45| 154.3204 | 0.069438 | 0.45 171.725 | 0.069438
0.46 | 159.2477 | 0.071125| 0.46 | 176.8748 | 0.071125
0.47 163.126 | 0.072813 | 0.47 | 181.3889 | 0.072813
0.48 | 166.8453 0.0745| 0.48 | 186.1731 | 0.074521
0.49 | 171.0256 | 0.076188 | 0.49 | 190.9733 | 0.076208

0.5| 174.9992"~.0.077875.(...0:5-"°195.7099 | 0.077875
0.51 180.006 | 0.079521 | 0.51 | 199.9378 | 0.079542
0.52 | 185.7281 | 0.081167 | 0.52 | 204.3247 | 0.081188
0.53 | 189.9719 | 0.082813 | 0.53 | 209.7448 | 0.082833
0.54| 194.1045 | 0.084458 | 0.54 | 214.5926 | 0.084479
0.55| 197.7762 | 0.086104 | 0.55 219.504 | 0.086125
0.56 | 201.9564 0:08775.] 0.56 | 223.1121 | ' 0,087771
0.57 206.693 | 0.089417 | 0.57 | 227.3719 | 0.089417
0.58 211.064 | 0.091083 | 0.58 | 232.7124 | 0.091083
0.59 | 2157211 0.09275| 0.59 | 236.8291 0.09275

0.6 | 220.1716 | 0.094417 | 0.6 240.914 | 0.094417
0.61 | 223.5889 | 0.096104 | 0.61 | 245.4917 | 0.096104
0.62 | 228.2619 | 0.097771 | 0.62 | 250.6574 | 0.097771
0.63 | 232.0607 | 0.099438 | 0.63 | 254.3926 | 0.099438
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0.64 236.241 | 0.101104 | 0.64 | 259.5583 | 0.101104
0.65| 241.2478 | 0.102771| 0.65| 264.3267 | 0.102771
0.66 | 245.7778 | 0.104417 | 0.66 | 268.5865 | 0.104438
0.67 | 250.4349 | 0.106083 | 0.67 | 273.2277 | 0.106083
0.68 | 253.9476 | 0.107729 | 0.68 | 278.0438 0.10775
0.69 258.557 | 0.109417 | 0.69 | 282.1128 | 0.109417

0.7| 262.9757 | 0.111083| 0.7 287.1513| 0.111083
0.71] 266.8063 | 0.112771| 0.71| 291.0455 | 0.112771
0.72| 271.1932| 0.114458 | 0.72 | 295.5755 | 0.114458
0.73 | 275.6913 | 0.116146 | 0.73 300.169 | 0.116167
0.74 | 279.4266 | 0.117833 | 0.74 | 303.6976 | 0.117833
0.75] 283.5909 | 0.119521| 0.75| 307.7666 | 0.119521
0.76 | 287.4374| 0.121167 | 0.76 | 313.1707 | 0.121188
0.77 | 292.2058 | 0.122813umiZZ | 318.2411 | 0.122833
0.78 | 296.5927 | 0.124479 | 0.78 | 322.5486 0.1245
0.79 | 300.6458 | 0.126125| 0.79 | 326.9037 | 0.126146

0.8 | 305.0804| 0.127792 | 0.8 331.7038| 0.127792
0.81] 309.4355| 0.129438 | 0.81 | 336.8696 | 0.129438
0.82] 313.1231| 0.131104| 0.82 | 340.9386 | 0.131104
0.83| 317.4623 | 0.132771 | 0.83 3454087 [~ 0.18771
0.84 | 322.0399 | 0.134438 | 0.84 | 349.1879 | 0.134438
0.85| 326.1407 | 0.136104 | 0.85 | 353.3204 | 0.136125
0.86| 330.5117 | 0.137792 | 0.86 | 357.9934 | 0.137792
0.87 | 334.1993 | 0.139458 | 0.87 | 363.1433 | 0.139458
0.88 | 338.2365| 0.141125| 0.88 | 367.8958 | 0.141125
089 | 343.2592 | 0.142771| 0.89 | 371.9171 | 0.142792
0.90 | 346.6924 | 0.144417 | 0.90 | 376.1133 | 0.144438
0.91] 349.6965| 0.146083 | 0.91 | 380.0074 | 0.146083
0.92 | 354.1311 | 0.147729 | 0.92 | 384.7122 0.14775
0.93| 3584226 | 0.149396 | 0.93 | 389.0197 | 0.149396
0.94 363.191 | 0.151063 | 0.94 | 392.6754 | 0.151063
0.95| 367.3712 | 0.152729 | 0.95 | 398.2862 | 0.152729
0.96 370.868 | 0.154417 | 0.96 | 403.1499 | 0.154417
0.97 | 375.1437.] “0456104 | 0.97 406.758 | 0.156104
0.98 | 379.3716 | 0.157792 | 0.98 | 411.3515| 0.157813
0.99 | 383.6632 0.1595| 0.99 | 416.6921 0.1595
1.00 | 387.8593 | 0.161167 | 1.00 | 421.5558 | 0.161167
1.01 | 392.2303 | 0.162813 | 1.01 | 425.5613 | 0.162833
1.02 | 396.2676 0.1645 | 1.02 | 429.9005 0.1645
1.03 | 401.2426 | 0.166125 | 1.03 | 434.7801 | 0.166146
1.04 | 405.0891 | 0.167792 | 1.04 | 439.3101 | 0.167813
1.05 | 409.2534 | 0.169438 | 1.05| 443.5221 | 0.169458
1.06 412.782 | 0.171104 | 1.06 | 447.7024 | 0.171104
1.07°| " 417.3597 0.17275 | 1.07 | 453.3927 0.17275
1.08 | 421.7784 | 0.174417 | 1.08 | 457.0961 | 0.174417
1.09 | 424.6871 | 0.176083 | 1.09 | 460.6247 | 0.176083
1.10 | 428.7402 0.17775| 1.10| 465.3613 | 0.177771
1.11 | 433.0635| 0.179438 | 1.11 | 469.3985 | 0.179458
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1.12 | 436.9895| 0.181125| 1.12 | 474.2463 0.181125
1.13 | 441.0903 | 0.182792 | 1.13| 478.8717 | 0.182792
1.14 | 445.6838 | 0.184438 | 1.14 | 483.0042 | 0.184458
1.15 450.023 | 0.186104 | 1.15| 487.5978 | 0.186104
1.16 | 454.6483 0.18775 | 1.16 | 491.6509 | 0.187771
1.17 | 459.4644 | 0.189417 | 1.17 | 495.1636 | 0.189438
1.18 | 463.6924 | 0.191083 | 1.18 | 500.1863 | 0.191083
1.19 | 467.9203 0.19275 | 1.19 | 504.1281 0.19275
1.20 | 473.0701 | 0.194438 | 1.20 | 508.8329 | 0.194438
1.21| 477.9498 | 0.196104 | 1.21 | 513.3629 | 0.196104
1.22 | 481.7168 | 0.197792 | 1.22 | 517.3047 | 0.197813
1.23 | 485.6745 0:1995.) >1.23 | 5219140 0.1995
1.24| 489.7118| 0.201188| 1.24 526.158 | 0.201188
1.25 | 494.7503 | 0.202854 | 1.25| 530.2111 | 0.202854
1.26 | 499.1531 | 0.204521 | 1.26 | 534.2007 | 0.204521
1.27 | 502.8884 | 0.206146 | 1.27 | 539.0962 | 0.206167
1.28 | 506.7825 | 0.207792 | 1.28 | 543.7533 | 0.207813
1.29 | 511.3761 | 0.209458 | 1.29 | 547.4885 | 0.209458
1.30 | 516.3352 | 0.211104| 1.30| 551.4622 | 0.211104
153V 520:7062 0.21275 | 1.31 | 556.1669 | 0.212771
1.32 | 525.4586 | 0.214396 | 1.32 | 558.9485 | 0.214417
1.33 | 529.7184 | 0.216063 | 1.33 | 563.0175| 0.216063
¥.3% 533.549 | 0.217729 | 1.34| 567.5316 | 0.217729
1.35| 538.2697 | 0.219417 | 1.35| 572.9835| 0.219417
1.36 | 542.2433 | 0.221083 | 1.36 | 577.5611 | 0.221104
1.37 | 547.1071 | 0.222771 | 1.37 | 581.5824 | 0.222771
1368 551.796 | 0.224438 | 1.38 | 585.3494 | 0.224438
1189 555.261 | 0.226104 | 1.39 | 590.3562 | 0.226104
1.40 | 559.5208 | 0.227771| 1.40 | 594.0596 | 0.227771
1.41 | 564.6705 | 0.229417 | 1.41| 598.4307 | 0.229438
1.4% 568.517 | 0.231083 | 1.42 602.754 | 0.231083
1.43 | 573.6987 0.23275 | 1.43 | 606.8707 0.23275
1.44 | 578.3558 | 0.234396 | 1.44 | 611.3052 | 0.234417
1.45 | 582.6155| 0.236083 | 1.45| 616.1849 | 0.236083
1.46 | 586.9388 | 0.237771 | 1.46 | 619.5704 | 0.237771
1.47 | 591.0079 | 0.239458 | 1.47 | 623.3851 | 0.239458
1.48 | 5954106 | 0.241167 | 1.48 | 628.7734 | 0.241167
1.49 | 600.8148 | 0.242854 | 1.49 | 633.1603 | 0.242833
1.50 | 604.7726 | 0.244521 | 1.50 | 637.1657 | 0.244521
1.51 | 609.8748 | 0.246188 | 1.51 | 641.2188 | 0.246188
1.52 | 614.1822 | 0.247833 | 1.52 | 645.8123 | 0.247833
1.53 | 618.3784 02495 1.53 | 6502311 0.2495
1.54 | 621.9069 | 0.251125| 1.54 | 655.0948 | 0.251146
1.55| 626.3097 | 0.252792 | 1.55| 658.6711 | 0.252792
1.56 | 631.0622 | 0.254458 | 1.56 | 662.5652 | 0.254458
1.57 | 635.6875 | 0.256104 | 1.57 | 667.4926 | 0.256104
1.58 | 640.5989 | 0.257771| 1.58| 671.7205| 0.257771
1.59 | 644.4613 | 0.259438 | 1.59 | 676.1551 | 0.259438
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1.60 | 648.2601 | 0.261104 | 1.60 | 680.3036 0.261125
1.61 | 653.0921 | 0.262792 | 1.61 | 684.2772 0.262792
1.62 | 657.7809 | 0.264458 | 1.62 | 689.0774 0.264458
1.63 | 663.0262 | 0.266125 | 1.63 | 693.5756 0.266125
1.64 | 666.9839 | 0.267771 | 1.64| 697.8194 0.267792
1.65| 671.0847 | 0.269417 | 1.65| 702.4765 0.269438
1.66 | 675.4557 | 0.271083 | 1.66 | 706.5137 0.271083
1.67 | 680.2082 | 0.272729 | 1.67 | 710.7099 0.27275
1.68 685.374 | 0.274396 | 1.68 | 715.2081 | 0.274396
1.69 | 690.1105| 0.276063 | 1.69 | 719.3566 0.276063
L0 694.402 | 0.277729 | 1.70 | 723.3779 | 0.277729
1.71 | 699.3929 | 0.279417 | 1.71| 727.8919 | 0.279417
1.72 | 704.9879 | 0.281104 | 1.72| 731.7702 | 0.281104
1.73 | 708.8979 | 0.282813 | 1.73 | 736.0618 0.282813
1.74 712.506 0.2845 | 1.74 740.544 0.2845
1.75] 716.7816 | 0.286188 | 1.75 | 744.7084 0.286188
1.76 | 720.9778 | 0.287854 | 1.76 | 749.3178 | 0.287854
1.77 |f #25.9687 0.2895 | 1.77 | 754.5948 0.2895
1.78 | 730.9119| 0.291167 | 1.78 | 758.9817 | 0.291146
1.79| 735.6962 | 0.292792 | 1.79 | 762.9395 0.292813
1.80 | 740.8937 | 0.294458 | 1.80 | 766.9449 0.294458
1.81 | 7455349 | 0.296104 | 1.81 | 770.5052 0.296104
1.82 | 750.3669 | 0.297771| 1.82| 774.8922 | 0.297771
1.83 754.563 | 0.299417 | 1.83 | 780.4235| 0.299417
1.84 | 758.5526 | 0.301083 | 1.84 | 783.8885| 0.301083
1.85| 762.7487 | 0.302771| 1.85| 787.7032 | 0.302771
1.86 | 767.8668 | 0.304438 | 1.86 | 792.2014 | 0.304458
1.87 | 772.4126 | 0.306125| 1.87 | 796.8743 0.306125
1.88 | 777.0856 | 0.307792 | 1.88 | 801.3726 | 0.307792
1.89 | 781.9653 | 0.309438 | 1.89 | 806.0932 | 0.309458
1.90 | 786.8608 | 0.311083 | 1.90 | 810.4801 | 0.311104
1.91| 790.7549 0.31275] 1.91 | 814.1835| 0.312771
1.92| 795.0942 | 0.314417 | 1.92 | 818.9678 | 0.314417
1.93 | 800.3871 | 0.316083 | 1.93 823.164 | 0.316083
1.94| 804.6786 0.31775 | 1.94 | 826.9469 0.31775
1.95| 809.6695| 0.319438 | 1.95| 831.9537 | 0.319438
1.96 | 815.0895| 0.321125| 1.96 | 836.0863 | 0.321125
1.97 | 819.5877 | 0.322813 | 1.97 | 840.0281 0.322813
1.98 | 823.0527 | 0.324521 | 1.98 845.48 | 0.324521
1.99 | 827.3284 | 0.326208 | 1.99 | 849.9781 0.326208
2.00 | 831.7788 | 0.327875| 2.00 | 853.7769 0.327875
2.01 | 836.3247 | 0.329521 | 2.01 | 858.1956 0.329542
2.02 | 840.6639 | 0.331167 | 2.02 | 862.3918 0.331188
2.03 845.925 | 10.332833 | 2.03 866.127 | 0.332833
2.04 | 849.7715| 0.334458 | 2.04 | 871.1815 0.334479
2.05| 854.1107 | 0.336104 | 2.05| 875.4254 0.336125
2.06 | 857.4009 | 0.337771 | 2.06 880.003 | 0.337771
2.07 | 861.1202 | 0.339417 | 2.07 | 884.9621 0.339417
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2.08 | 865.1097 | 0.341083 | 2.08 | 888.8881 | 0.341083
2.09 | 869.4808 0.34275 | 2.09 | 892.9094 0.34275
2.10 | 874.0584 | 0.344417 | 2.10 | 896.6287 | 0.344438
2.11 | 877.8413 | 0.346104 | 2.11 | 900.4593 | 0.346104
2.12 | 881.5606 | 0.347771| 2.12| 905.5773 | 0.347771
2.13 | 886.8058 | 0.349438 | 2.13 | 909.0742 | 0.349438
2.14 | 891.1609 | 0.351104 | 2.14 | 913.7471 | 0.351104
2.15| 894.7849 0.35275 | 2.15| 919.1513 | 0.352771
2.16 | 899.1241 | 0.354438 | 2.16 | 922.7753 | 0.354438
2.17 | 903.9879 | 0.356104 | 2.17 | 926.9555 | 0.356083
2.18 | 909.2331 0.35775| 2.18 | 931.2153 0.35775
2.19 | 913.6677 | 0.359417 | 2.19 935.92 | 0.359417
2.20 | 918.6109 | 0.361083 | 2.20 | 940.1162 | 0.361083
2.21 | 923.1408 | 0.362771 | 2.21 | 944.6144 | 0.362771
2.22 | 927.5277 | 0.364458 | 2.22 | 948.7311 | 0.364479
2.23 | 932.2167 | 0.366146 | 2.23 | 952.8954 | 0.366167
2.24 | 936.4764 | 0.367833 | 2.24 | 956.9327 | 0.367854
2.25| 941.3719| 0.369521 | 2.25 | 960.9858 | 0.369521
2.26 | 945.5363 | 0.371188 | 2.26 | 966.4059 | 0.371188
2.27 | 950.5113 | 0.372813 | 2.27 | 970.5703 | 0.372833
2.28 | 955.7406 | 0.374479 | 2.28 | 974.7982 | 0.374479
2.29 | 959.1738 | 0.376125| 2.29 | 978.8195 | 0.376146
2.30 | 963.7038 | 0.377792 | 2.30 | 983.0793 | 0.377792
2.31 | 968.4245| 0.379438 | 2.31 | 987.3073 | 0.379458
2.32 | 972.6207 | 0.381104 | 2.32 | 991.9961 | 0.381104
433 976.944 0.38275 | 2.33 | 996.1764 | 0.382771
2.34| 980.6315| 0.384438 | 2.34 | 1000.913 | 0.384438
2.35| 9854634 | 0.386104 | 2.35| 1004.744 | 0.386125
2.36 | 990.3907 | 0.387792 | 2.36 1009.21 | 0.387792
2.37 | 995.6519 | 0.389458 | 2.37 | 1013.724 | 0.389458
2.38 | 1000.182 | 0.391125| 2.38 | 1018.572 | 0.391125
2.39 | 1004.346 | 0.392771 | 2.39 | 1022.339 | 0.392792
2.40 | 1008.828 | 0.394438 | 2.40 | 1026.408 | 0.394438
2.41 | 1013.486 | 0.396083 | 2.41 | 1031.001 | 0.396083
242 | 1017.634 | 0.397729 | 2.42 | 1035.309 0:39775
243 | 1021.226 | 0.399396 | 2.43 | 1040.332 | 0.399396
2.44 | 1026.026 | 0.401042 | 2.44 | 1044.226 | 0.401063
2.45| 1030.938 | 0.402729 | 2.45| 1048.183 | 0.402729
2.46 1036.31 | 0.404417 | 2.46 | 1051.569 | 0.404417
2.47 | 1040.109 | 0.406125| 2.47 | 1055.718 | 0.406125
2.48 1044.48 | 0.407813 | 2.48 1060.12 | 0.407813
2.49 | 1049.248 0.4095 | 2.49 1064.92 0.4095
2.50 | 1053.254 | 0.411188 | 2.50 | 1069.752 | 0.411188
2.51 | 1057.482 | 0.412833 | 2.51 | 1074.219 | 0.412854
2.52 1062.25 04145 [-2,52 | 1077.525 | 0414521
2.53 | 1066.494 | 0.416146 | 2.53 | 1081.991 | 0.416167
2.54 | 1070.849 | 0.417833 | 2.54 | 1086.744 | 0.417833
2.55| 1075.236 | 0.419479 | 2.55| 1090.908 | 0.419479
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2.56 | 1078.987 | 0.421125| 2.56 | 1096.233 | 0.421125
2.57 | 1084.073 | 0.422771 | 2.57 | 1099.777 | 0.422771
2.58 | 1088.317 | 0.424438 | 2.58 | 1103.163 | 0.424438
2.59 | 1092.609 | 0.426104 | 2.59 | 1108.106 | 0.426104
2.60 | 1097.552 | 0.427771 | 2.60 1112 | 0.427771
2.61 | 1102.209 | 0.429458 | 2.61 | 1115.751 | 0.429458
2.62 | 1105913 | 0.431125| 2.62 | 1119.916 | 0.431125
2,63 | 1110.236 |  0.432771.| 2.63 1124.97 | 0.432792
2.64 1114.75| 0.434438 | 2.64 | 1128.817 | 0.434458
2.65| 1119.328 | 0.436104 | 2.65| 1133.235| 0.436104
2.66 1123.81 0.43775| 2.66 | 1137.813 0.43775
2.67 | 1128.006 | 0.439417 | 2.67 | 1141.596 | 0.439417
2.68 | 1132.361 | 0.441083 | 2.68 | 1146.126 | 0.441083
2,69 | 1137.082 0.44275 | 2.69 | 1149.956 0.44275
2.70 | 1141.596 | 0.444417 | 2.70 | 1154.264 | 0.444417
271 1144.87 | 0.446104 | 2.71 1158.81 | 0.446104
2.72 | 1149.177 | 0.447813 | 2.72 1162.91 | 0.447813
2.73 11540t 0.4495 | 2.73 | 1167.488 0.4495
2.74| 1158.889 | 0.451188 | 2.74 | 1171.462 | 0.451188
2.75| 1164.405| 0.452854 | 2.75| 1174.959 | 0.452875
2.76 | 1168.299 | 0.454521 | 2.76 | 1179.266 | 0.454521
2.77 | 1172.527 | 0.456167 | 2.77 | 1183.621 | 0.456188
2.78 | 1176.882 | 0.457813 | 2.78 | 1187.515| 0.457833
2.79 | 1180.569 | 0.459458 | 2.79 | 1191.632 | 0.459479
2.80 | 1184.654 | 0.461104 | 2.80 | 1196.686 | 0.461125
2.81 | 1189.327 | 0.462771 | 2.81 | 1200.851 | 0.462771
2.82 | 1193.253 | 0.464417 | 2.82 | 1204.697 | 0.464417
2.83 | 1197.084 | 0.466063 | 2.83 | 1209.243 | 0.466083
2184 1201.9 0.46775 | 2.84 | 1214.059 0.46775
2.85| 1206.414 | 0.469438 | 2.85 | 1217.985| 0.469438
2.86 1210.07 | 0.471104 | 2.86 1221.8 | 0.471104
2.87 [NIR13.582 | Oud72RRURNABTNA1225.742 | /072771
2.88 | 1217.969 | 0.474438 | 2.88 | 1230.192 | 0.474438
2.89 | 1222.881 | 0.476104 | 2.89 | 1234.404 | 0.476104
290 | 1227.649 | 0.477771 | 2.90 1238.06 | 0.477771
2.91| 1232.147 | 0.479396 | 2.91 | 1242.717 | 0.479438
2.92 | 1236.407 | 0.481083 | 2.92 | 1247.597 | 0.481083
2.93 | 1240.508 0.48275 | 2.93 | 1252.095 0.48275
2.94 | 1244.799 | 0.484417 | 2.94 | 1255.989 | 0.484417
2.95| 1250.219 | 0.486083 | 2.95 | 1259.708 | 0.486083
2.96 | 1254.829 | 0.487771 | 2.96 | 1263.523 | 0.487771
2.97 | 1258.182 | 0.489458 | 2.97 1266.94 | 0.489458
2.98 | 1261.807 | 0.491146 | 2.98 | 1271.423 | 0.491146
2.99 | 1265.446 | 0.492833 | 2.99 | 1276.684 | 0.492833
3.00 | 1269.817 | 0.494521 | 3.00 | 1281.039 | 0.494521
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2%wt. 3%wt.
Time | Force Stroke Time | Force Stroke
sec N mm sec N mm

0| -8.02676 0 0| -5.07037 0
0.01] -8.02676 | 4.17E-05| 0.01| -5.07037 | 6.25E-05
0.02 | -8.02676 | 0.000438 | 0.02 | -5.07037 | 0.000438
0.03| -8.02676 0.00125 | 0.03 | -5.10216 0.00125
0.04| -8.02676| 0.002354 | 0.04 | -5.10216 | 0.002333
0.05| -8.04265| 0.003604 | 0.05| -5.10216| 0.003604
0.06 | -8.05855| 0.004938 | 0.06 | -5.10216 | 0.004917
0.07| -8.05855| 0.006313 | 0.07 | -5.10216 | 0.006292
0.08 | -8.05855| 0.007771| 0.08 | -5.10216 0.00775
0.09| -8.05855| 0.009313| 0.09| -5.10216 | 0.009313
0.1| -8.05855| 0.010958=m==fl | -5.10216 | 0.010979
0.11| -8.05855| 0.012625| 0.11| -5.10216 | 0.012646
0.12| -8.05855| 0.014313 | 0.12 | -5.10216 | 0.014333
0.13 | B95855 0.016 | 0.13 | -5.10216 | 0.016021
0.14| 8.805593| 0.017688 | 0.14 | 11.04673 | 0.017688
0.15] 16.21246 | 0.019354 | 0.15 17.5635 | 0.019375
0.16 | 21.21925| 0.021021 | 0.16 | 23.38091 | 0.021042
0.17 | 27.03667 | 0.022708 | 0.17 | 29.34138 | 0.022708
0.18 | 33.04482 | 0.024375| 0.18 | 34.28459 | 0.024375
0.19| 39.02118 | 0.026042 | 0.19 | 38.92581 | 0.026042
0.2 | 44.17102| 0.027729 | 0.2 | 43.98028 | 0.027708
0.21 | 48.82813 | 0.029417 | 0.21 | 48.22413 | 0.029396
0.22 | 53.46934 | 0.031104 | 0.22 | 52.73819 | 0.031104
0.23 | 58.88939 | 0.032813 | 0.23 | 57.22046 | 0.032813
0.24 | 64.57964 0.0345 | 0.24 62.0683 0.0345
0.25| 69.31623 | 0.036188 | 0.25| 67.10688 | 0.036188
0.26 | 74.75217 | 0.037854 | 0.26 | 72.54282 | 0.037854
0.27 79.9338 0.0395 | 0.27 | 77.35888 0.0395
0.28 | 85.30617 | 0.041146 | 0.28 82.2703 | 0.041167
0.29 89.8997 | 0.042813 | 0.29 | 87.08636 | 0.042813
0.3 ] 94.74754 | 0.044458 | 0.3 | 91.06001 | 0.044458
0.31 | 100.6285| 0.046104 | 0.31 | 96.22574 | 0.046104
0.32| 104.6816 | 0.047771| 0.32 | 101.1213 | 0.047771
0.33 | 109.3864 | 0.049417 | 0.33 | 105.5559 | 0.049417
0.34| 113.7098 | 0.051083 | 0.34 | 109.9904 | 0.051083
0.35| 118.7007 | 0.052771| 0.35| 114.9336 | 0.052771
0.36 | 122.7379 | 0.054438 | 0.36 | 119.6226 | 0.054438
0.37 | 127.1566 | 0.056125 | 0.37 | 123.5644 | 0.056125
0.38| 131.8137| 0.057792 | 0.38 | 127.9513 | 0.057792
0.39 | 136.9953 | 0.059458 | 0.39 | 133.2283 | 0.059438
0.4| 141.7001| 0.061104| 0.4 | 138.2987 | 0.061104
0.41 | 146.7387 | 0.062771| 0.41 | 142.2087 0.06275
0.42 | 152.3813 | 0.064417 | 0.42 | 146.7228 | 0.064417
0.43 | 156.1483 | 0.066083 | 0.43 151.062 | 0.066083
0.44 160.567 0.06775 | 0.44 | 155.4012 0.06775
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0.45] 164.2386 | 0.069417 | 0.45 | 159.8835| 0.069417
0.46 | 168.8004 | 0.071104 | 0.46 | 163.6187 | 0.071104
0.47 | 173.4893 | 0.072813 | 0.47 167.497 | 0.072813
048 [ 1777013 0.0745 | 0.48 | 171.7726 0.0745
0.49 | 181.8498 | 0.076188 | 0.49 175.635 | 0.076188

0.5| 187.6831| 0.077875| 0.5| 180.2603 | 0.077875
0.51] 192.3879 | 0.079542 | 0.51 | 184.1704 | 0.079542
0.52 | 197.1245| 0.081188 | 0.52 | 187.7149 | 0.081188
0.53 ] 202.0041 | 0.082833 | 0.53 | 192.1972 | 0.082833
0.54 | 206.1844 | 0.084479 | 0.54 | 196.6635 | 0.084479
0.55| 210.6349 | 0.086125| 0.55| 201.6544 | 0.086125
0.56 | 215.1648 | 0.087771 | 0.56 | 205.9142 | 0.087771
0.57 | 219.7742| 0.089417 | 0.57 | 209.7766 | 0.089417
0.58 | 224.5585| 0.091083 | 0.58 | 213.9886 | 0.091083
0.589 228.548 0:05775 | U.59" = T8sZ093 0.09275

0.6 233.0939 | 0.094417 | 0.6 | 223.4777 | 0.094417
0.61 | 237.5285| 0.096104 | 0.61 | 227.1334 | 0.096104
0.62 | 242.0902 | 0.097771| 0.62 | 230.5984 | 0.097771
0.63 | 246.5248 | 0.099438 | 0.63 | 235.4622 | 0.099438
0.64 | 250.6256 | 0.101104 | 0.64 | 239.2451 | 0.101104
0.65 255.537 | 0.102771 | 0.65 | 243.4572 | 0.102771
0.66 | 260.3213 | 0.104438 | 0.66 | 246.5725 | 0.104417
0.67 | 264.8195| 0.106083 | 0.67 | 251.0071 | 0.106083
Q168:|" "200:8315 0.10775 | 0.68 | 254.7105 0.10775
0.69 | 272.9575| 0.109417 | 0.69 | 259.5107 | 0.109417

0.7] 276.8358 | 0.111083 | 0.7 | 264.3267 | 0.111083
0.71] 281.9697 | 0.112771 | 0.71 | 268.3481 | 0.112771
0.72 | 286.6268 | 0.114458 | 0.72 272.274 | 0.114458
0.73] 290.7753 | 0.116167 | 0.73 | 276.2159 | 0.116146
0.74| 295.6549 | 0.117833 | 0.74 | 280.6982 | 0.117833
0.75| 300.0895| 0.119521 | 0.75| 285.0215| 0.119521
0.76 | 304.5241 | 0.121188 | 0.76 | 288.9792 | 0.121188
0.77] 310.0554 | 0.122833 | 0.77 | 293.3979 | 0.122833
0.78 | 313.9973 | 0.124479 | 0.78 | 297.1808 | 0.124479
0.79 | 318.0663 | 0.126146 | 0.79 | 301.2021 | 0.126146

0.8 322.3578 | Q.127/32] V.8 | 3054778 | 0.127792
0.81 | 326.8878 | 0.129438 | 0.81 | 309.1494 | 0.129438
0.82 | 331.6561 | 0.131104| 0.82 313.584 | 0.131104
0.83 | 335.6934 | 0.132771 | 0.83 | 317.7325 | 0.132771
0.84 | 339.7465 | 0.134438 | 0.84 | 321.5631 | 0.134438
0.85| 343.5771 | 0.136104 | 0.85 | 325.5844 | 0.136104
0.86 | 347.4077 | 0.137792 | 0.86 | 329.4945| 0.137792
0.87] 351.2224 | 0.139458 | 0.87 | 333.2297 | 0.139458
0.88 | 355.6093 | 0.141125| 0.88 337.712 | 0.141125
0.89 | 359.6147 | 0.142792 | 0.89 | 342.3691 | 0.142792

09| 363.7314| 0.144438 | 0.9 | 346.0407 | 0.144438
0.91] 368.4839 | 0.146083 | 0.91 | 350.4594 | 0.146083
0.92 | 373.1728 0.14775] 0.92 | 354.1946 0.14775
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0.93 | 377.1464 | 0.149396 | 0.93 | 358.3431 | 0.149396
0.94 | 381.0565 | :0.151063 | 0.94 | 3619085 | 0.151063
0.95| 384.7758 | 0.152729 | 0.95| 367.0215| 0.152729
0.96 | 389.3375| 0.154417 | 0.96 | 371.1224 | 0.154417
0.97 | 392.6436 | 0.156104 | 0.97 | 374.3172 | 0.156104
0,98 | 397.3484 | 0.157813 | 0.98 |  378.3385 | 0.157813
0.99 | 401.5128 0.1595 | 0.99 | 383.0274 0.1595
1| 405.5341 | 0.161167 1| 3859997 [ 0.161167
1.01 | 409.6031 | 0.162833 | 1.01 | 389.3375 | 0.162833
1.02 | 414.0377 0.1645 | 1.02 | 394.2808 0.1645
1.03 | 419.6803 | 0.166146 | 1.03 | 399.0491 | 0.166146
1.04 | 424.2738 | 0.167813 | 1.04 | 402.5777 | 0.167813
1.05| 427.5163 | 0.169458 | 1.05 | 406.4242 | 0.169458
1.06 431.188 | 0.171104 1.06.| 410.1435| 0.171104
1.07 434.955 0717275 | 1.077~d]3»5609 017275
1.08 | 439.1352 | 0.174417 | 1.08 | 416.4855 | 0.174417
1.09 | 443.0612 | 0.176083 | 1.09 | 420.6657 | 0.176083
1.1 / #47.0825 017471 | AW~ ¢2570367 | WW/7771
1.11 | 450.8813 | 0.179458 | 1.11 | 428.9945 | 0.179438
1.0 455.3785- Q184 2541 W\ 983:8423 | 0.181125
W18 | 459.4326; "\1A82792)I( 1.134¢87.6888 {a~0.1824792
1,14 | 463.6765 | 0.184458 | 1.14 | 440.5657 | 0.184458
1.15| 467.9998 | 0.186104 | 1.15| 444.4758 | 0.186104
1.16:| #71=8257p QL8770 16| | ,9449+1828=] <0.184711
1.17 | 476.1219 | 0.189417 | 1.17.| 452.9635 | 0.189417
1.18 | 480.6678 | 0.191083 | 1.18 | 456.2537 | 0.191083
1R19 485,15 OBV 57| T M #4059 LiS# 0.19275
1.2 488.9011 | 0.194438 | 1.2 | 464.1533 | 0.194438
1.21 | 492.6205| 0.196104 | 1.21 | 467.5388 | 0.196104
1.22°| "497.6591 | 10.197813| 1.22°| 471.9416 | ‘0.197813
1425 501.442 0.1995 | .1.23 | 476.0583 /1995
1.24 | ~505.3997 | 0.201188/ 1.24{-479.3008 | ~0:201188
1.25 | 50GM36p0.202854 | 1.25 | 4329728 ) 0.202854
1.26 | 513.5854 | 0.204521 | 1.26 | 486.9938 | 0.204521
1.27 | 517.6703 ™ 2066dup=led 7" 491.3012 | 0.206167
1.28 |- 521.9937 | 0.2078157] 1.28 | 495.3066 | ' 0.207813
1.29 | 525.7448 | 0.209458 | 1.29 499.169 | 0.209458
1.3| 529.8774| 0.211104| 1.3 | 503.2857 | 0.211104
1.31 | -534.9954 0.21275 | 1.31 | ~508.1336 0.21275
1.32 | 538.3651 | 0.214417 | 1.32 | 510.8833 | 0.214417
1.33| 542.0367 | 0.216063 | 1.33 | 515.1908 | 0.216083
1.34 | 545.8355 | 0217729 1.34 | 519.1803 0.21775
1.35 | 550.2383 | 0.219417 | 1.35| 522.9155 | 0.219417
1.36 | 554.4186 | 0.221104| 1.36 | 526.4918 | 0.221104
1.37 | ‘5587578 | 0.222771 | -1.37.| - 530:.0363 | 0222771
1.38 | 563.2877 | 0.224438 | 1.38 | 534.4709 | 0.224438
1.39 | 566.9753 | 0.226104 | 1.39 | 538.1584 | 0.226104
1.4 | 570.6946 | 0.227771 | 1.4 | 542.6566 | 0.227771
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1.41 | 575.3199| 0.229417 | 1.41 | 546.5667 | 0.229417
1.42| 579.8499| 0.231083 | 1.42 | 549.6502 | 0.231083
1.43 | 584.6342 0.23275 | 1.43 553.91 0.23275
a4 588.878 | 0.234417 | 1.44 | 557.3432 | 0.234417
1.45 | 592.6768 | 0.236083 | 1.45| 560.9512 | 0.236083
1.46 | 596.9683 | 0.237771| 1.46 | 564.7819 | 0.237771
1.47 | 601.0532 | 0.239458 | 1.47 | 569.4707 | 0.239458
1.48 | 604.8203 | 0.241167 | 1.48 | 574.0007 | 0.241167
1.49 608.921 | 0.242854 | 1.49 577.577 | 0.242833

1.5| 613,3397 | 0.244521| 1.5 580.581 | 0.244521
1:51 618.124 | 0.246188 | 1.51 585.254 | 0.246188
1.52 | 622.6857 | 0.247833 | 1.52 | 589.2754 | 0.247854
1.53 | 626.0395 02495 | 1.53 |- 593.3921 0.2495
1.54 | 629.4886 | 0.251146 | 1.54 | 596.9842 | 0.251146
1.55| 634.1934| 0.252792 | 1.55| 600.7354 | 0.252792
1.56 | 639.0889 | 0.254458 | 1.56 | 605.5355 | 0.254458
1.57 | 643.8891 | 0.256104 | 1.57 609.382 | 0.256104
1.58 | 647.3701| 0.257771| 1.58 | 612.4496 | 0.257771
1.59 | 651.8523 | 0.259438 | 1.59 | 616.6617 | 0.259438

1.6 | 656.3663 | 0.261125| 1.6 | 621.2234 | 0.261104
¥ol 661.087 | 0.262792 | 1.61 625.658 | 0.262792
1.62 | 665.4899 | 0.264479 | 1.62 | 629.3456 | 0.264458
1.63| 669.1615| 0.266125| 1.63 | 632.7629 | 0.266125
1.64| 6729444 | 0.267792 | 1.64 | 636.9432 | 0.267771
1.65| 676.8068 | 0.269438 | 1.65 | 641.5367 | 0.269438
1.66 | 681.8931 | 0.271083 | 1.66 | 645.7964 | 0.271083
1.67 | 686.4548 0.27275 | 1.67 | 648.7529 0.27275
1.68 | 690.9847 | 0.274396 | 1.68 653.251 | 0.274417
1.69 | 695.1332| 0.276063 | 1.69 | 656.3505 | 0.276063

1N\ 9699.0909 ) YOLX/AT20N ., 1% 661.103 | 0.277729
1.71] 703.4302 | 0.279417 | 1.71| 665.8872 | 0.279417
1.72 | 707.7853 | 0.281125| 1.72 | 669.0184 | 0.281104
1.73 712.808 | 0.282813 | 1.73 | 673.1828 | 0.282813
1.74 | 716.7383 0.2845 | 1.74| 676.9657 0.2845
1.75] 721.1685| 0.286188 | 1.75 681.146 | 0.286167
1.76 | 725.2375| 0.287854 | 1.76 | 685.2944 | 0.287833
1.77 | 729.2906 (0:2895 177 689.141 0.2895
1.78 | 734.1862 | 0.291167 | 1.78 | 692.9716 | 0.291146
1.79 | 739.1612 | 0.292813 | 1.79 | 696.8021 | 0.292813

1.8 | 743.3892 | 0.294458 | 1.8 | 699.8857 | 0.294458
1.81 | 747.1721 | 0.296104 | 1.81 | 704.3998 | 0.296104
1.82 | 751.0821 | 0.297771 | 1.82 | 708.8026 | 0.297771
1.83 | 755.5803 | 0.299417 | 1.83 | 713.7617 | 0.299417
1.84 | 759.7446 | 0.301083 | 1.84 | 717.7989 | 0.301083
1.85| 763.3369 | 0.302771 | 1.85| 721.4864 | 0.302771
1.86 | 767.4535| 0.304438 | 1.86 | 724.9832 | 0.304438
1.87 | 771.7927 | 0.306125| 1.87 | 728.2575| 0.306125
1.88| 776.4498 | 0.307792 | 1.88 731.802 | 0.307792
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1.22 | 529.9091 | 0.197813| 1.22 | 538.2061 0.197813
1.23 | 533.9305 0.1995 | 1.23 | 542.4976 0.1995
1.24 | 538.8419 | 0.201188 | 1.24 | 546.8051 0.201188
1.25 | 543.6262 | 0.202875| 1.25| 551.2078 0.202854
1.26 | 547.5998 | 0.204521 | 1.26 | 556.4213 0.204521
1.27 | 552.4794 | 0.206188 | 1.27 | 560.9672 0.206167
1.28 | 556.6756 | 0.207813 | 1.28 | 565.6719 0.207813
1.29 | 561.6188 | 0.209479 | 1.29 | 570.0588 0.209458

1.3 | 565.9739 | 0.211104| 1.3 | 573.9689 0.211104
1.31 | 569.8522 | 0.212771| 1.31| 578.7849 0.21275
1.32 | 574.9543 | 0.214417 | 1.32 | 583.3149 0.214417
1.33 | 578.8326 | 0.216083 | 1.33 | 588.0197 0.216063
1.34 | 583.3308 | 0.217729 | 1.34 592.788 | 0.217729
1.35| 587.7018 | 0.219417 | 1.35| 596.7776 0.219417
1.36 | 592.6768 | 0.221104 | 1.36 600.783 | 0.221104
1.37 | 597.5087 | 0.222771] 1.37 | 605.8693 0.222771
1.38 | 602.7222 | 0.224438 | 1.38 | 610.7966 0.224438
1.39 | 606.2985 | 0.226104 | 1.39 | 614.8974 0.226104

14| 610.8761 | 0.227771| 1.4| 618.6008 027771
1.41 | 615.0245| 0.229417 | 1.41 | 623.5759 0.229417
142 619.8406 | 0.231083 | 1.42 628.678 | 0.231083
143 624.609 0.23275 | 1.43 | 633.8279 0.23275
1.44 | 628.5668 | 0.234417 | 1.44 | 638.6757 0.234417
1.45| 633.2715| 0.236104 | 1.45 | 642.7924 0.236083
1.46 | 638.2783 | 0.237771| 1.46 | 646.6389 €L2327¢ 1
1.47 | 641.6161 | 0.239479 | 1.47 | 650.9304 0.239458
1.48 | 646.4958 | 0.241167 | 1.48 | 655.8577 0.241167
1.49 | 650.5648 | 0.242854 | 1.49 | 660.0698 0.242854

1.5| 6557147 | 0.244521| 1.5| 664.6951 0.244521
1.51 | 660.5625 | 0.246188 | 1.51 | 669.5112 0.246188
1.52 | 665.1243 | 0.247833 | 1.52 | 674.2159 0.247854
1.53 669.829 0.2495 | 1.53 | 680.0811 0.2495
1.54 | 673.7073 | 0.251146 | 1.54 | 685.0402 0.251146
1.55 | 678.2691 | 0.252813 | 1.55 | 688.9184 0.252792
1.56 | 682.4175 | 0.254458 | 1.56 | 692.6219 0.254458
1.57 | 687.8058 | 0.256104 | 1.57 | 697.1359 0.256104
1.58 | 692.3358 | 0.257771| 1.58 | 702.1586 0.257771
1.59 | 696.3571 | 0.259458 | 1.59 706.625 | 0.259438

1.6 | 700.4579 | 0.261125| 1.6| 710.4556 0.261104
1.61 | 705.1627 | 0.262792 | 1.61| 715.1127 0.262792
1.62 | 709.6768 | 0.264458 | 1.62 | 720.2466 0.264458
1.63 | 713.9524 | 0.266125| 1.63 | 724.6494 0.266125
1.64 | 719.0864 | 0.267792 | 1.64 | 729.3383 0.267792
1.65 | 724.2679 | 0.269438 | 1.65 | 733.8683 0.269438
1.66 | 727.7489 | 0.271083 | 1.66 | 738.3823 0.271083
1.67 | 731.9927 0.27275 | 1.67 | 742.8487 0:27275
1.68 | 736.4273 | 0.274396 | 1.68 | 746.9813 0.274396
1.69 | 741.5135| 0.276063 | 1.69 | 751.8132 0.276063
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1.7 | 744.8832 0.27775| 1.7 | 755.6756 0.277729
1.71 | 749.2065 | 0.279438 1.71 | 760.4281 | 0.279417
1.72| 754.0385| 0.281125| 1.72 764.4813 | 0.281125
1:73 758.791 | 0.282813 | 1.73 768.9158 | 0.282813
1.74 | 763.6865 0.2845 | 1.74 | 773.4458 0.2845
1.75| 767.8191 | 0.286188 | 1.75 778.1664 | 0.286188
1.76 | 772.5715 | 0.287854 1.76 | 782.9189 | 0.287854
177 |- 176737 0.2895 | 1.77 787.131 0.2895
1.78 | 781.7586 | 0.291167 | 1.78 791.8676 | 0.291146
1.79 | 785.5892 | 0.292813 1.79 | 796.5088 | 0.292813

1.8 | 790.4847 | 0.294458 | 1.8 800.4824 | 0.294458
1.81 | 794.3948 | 0.296125 | 1.81 805.1873 | 0.296104
1.82 | 798.5909 | 0.297771 ] 1.82 810.4324 | 0.297771
1.83 | 803.9634 | 0.299438 1.83 | 814.7399 | 0.299417
1.84 | 808.3184 | 0.301083 | 1.84 818.332 | 0.301083
1.85| 812.6259 | 0.302771 | 1.85 822.4169 | 0.302771
1.86 | 816.2499 | 0.304438 | 1.86 827.8052 | 0.304438
1.87 | 820.8275| 0.306125 | 1.87 831.8424 | 0.306125
1.88 | 825.6436 | 0.307792 | 1.88 836.1022 | 0.307792
1.89 | 829.8715| 0.309438 | 1.89 840.4731 | 0.309438

149 834.322 | 0.311104| 1.9 846.0045 | 0.311104
1.91 | 839.3287 | 0.312771 ] 1.91 850.4708 | 0.312771
1.92| 843.7316 | 0.314438 | 1.92 854.6511 | 0.314417
1.93 | 847.5463 | 0.316083 | 1.93 858.8314 | 0.316083
1.94 | 851.7106 | 0.317771 ] 1.94 862.9322 0.31775
1.95 | 856.3995| 0.319438 | 1.95 867.3827 | 0.319438
1.96 | 859.9758 | 0.321125 ] 1.96 821.563x), 0:321106
1.97 | 864.8237 | 0.322833 | 1.97 876.379 | 0.322813
1.98 | 869.1311| 0.324521 | 1.98 880.7659 | 0.324521
1.99 | 873.8835| 0.326208 | 1.99 885.2164 | 0.326208

2| 878.7155| 0.327875 2| 890.0325 | 0.327875
2.01 | 882.9594 | 0.329542 | 2.01 894.5942 | 0.329542
2.02 | 887.2986 | 0.331188 | 2.02 898.4089 | 0.331188
2.03 | 891.7491 | 0.332833 2.03 | 902.7163 | 0.332833
2.04 | 895.8817 | 0.334479 | 2.04 907.3734 | 0.334479
2.05| 901.1268 | 0.336125 2.05| 911.6808 | 0.336125
2.06 | 905.6727 | 0.337771 | 2.06 916.6082 | 0.337771
2.07 | 910.4888 | 0.339417 | 2.07 920.709 | 0.339417
2.08 | 914.1604 | 0.341083 | 2.08 925.4932 | 0.341083
2.09 | 918.2136 0.34275 | 2.09 | 930.0232 0.34275

2.1| 9223143 | 0.344438 | 2.1 934.4101 | 0.344417
2.11 | 926.2085 | 0.346104 | 2.11 938.7017 | 0.346104
2.12 | 930.9451 | 0.347771 2,12 943,327 | 0347771
2.13 | 9353638 | 0.349438 | 2.13 947.5231 | 0.349438
2.14 | 939.4963 | 0.351104 | 2.14 951.91 | 0.351104
2o 943.025 | 0.352771 | 2.15 956.8055 | 0.352771
2.16 | 947.6503 | 0.354438 | 2.16 961.8759 | 0.354417
2.17 | 952.2756 | 0.356104 | 2.17 965.3886 | 0.356083
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2.18 | 957.1075 0.35775 | 2.18 | 969.3782 0.35775
2.19 | 960.9699 | 0.359417 | 2.19 973.8763 | 0.359417

2.2 965.1979 | 0.361083| 2.2 | 978.3904 0.361083
2.21 | 969.1874 | 0.362771 | 2.21 983.127 | 0362771
2.22 | 973.6061 | 0.364479 | 2.22 987.0529 | 0.364458
2.23 | 978.1202 | 0.366167 | 2.23 991.6942 | 0.366167
2.24 | 983.1906 | 0.367854 | 2.24 996.2241 | 0.367854
2.25 | 988.2609 | 0.369521 | 2.25| 1000.277 0.369521
2.26 | 991.5034 | 0.371188 | 2.26 1004.203 | 0.371188
2.27 | 995.6042 | 0.372833 | 2.27 1008.59 | 0.372833
2.28 1000.42 0.3745 | 2.28 | 1013.565 | 0.374479
2.29 | 1004.998 | 0.376146 | 2.29 | 1017.809 0.376146

2.3| 1009.067 | 0.377792| 2.3| 1022.228 0.377792
2.31 | 1013.502 | 0.379458 | 2.31 1026.726 | 0.379458
2.32 | 1017.586 | 0.381104 | 2.32 1031.431 | 0.381104
2.33 | 1021.878 | 0.382771 | 2.33 1035.198 | 0.382771
2.34| 1026.185| 0.384438 | 2.34 | 1040.141 0.384438
2.35| 1030.477 | 0.386125] 2.35 1043.749 | 0.386104
2.36 1035.5 | 0.387792 | 2.36 | 1048.215 0.387792
2.37 | 1038.949 | 0.389458 | 2.37 1052.459 | 0.389458
2.38 1043.24 | 0.391125 | 2.38 | 1057.084 0.391125
2.39 | 1047.611 | 0.392792 | 2.39 1062.218 | 0.392792

2.4 1051.569 | 0.394438| 2.4 | 1066.987 0.394438
2.41 | 1056.353 | 0.396104 | 2.41 1070.213 | 0.396083
2.42 | 1060.613 0.39775 | 2.42 | 1074.664 0.39775
2.43 | 1064.666 | 0.399417 | 2.43 | 1079.273 0.399396
2.44| 1068.735| 0.401063 | 2.44 | 1083.008 0.401063
29450 T073:402 0.40275 | 2.45 1086.95 | 0.402729
2.46 | 1077.223 | 0.404438 | 2.46 1091.448 | 0.404417
2.47 | 1081.737 | 0.406125 | 2.47 | 1096.376 0.406125
2.48 1086.06 | 0.407833 | 2.48 | 1100.127 0.407813
2.49 | 1090.527 0.4095 | 2.49 | 1104.101 0.4095

2.5| 1094.564 | 0.411188| 2.5| 1108.265 0.411188
2.51 1098.41 | 0.412854 | 2.51 | 1113.621 0.412854
2.52 | 1102.893 | 0.414521 | 2.52 1118.263 | 0.414521
2.53| 1107.868 | 0.416167 | 2.53 | 1121.728 0.416167
2.54| 1111.921| 0.417833 | 2.54 1125.971 | 0.417813
2.55 | 1115.767 | 0.419479 | 2.55 | 1129.738 0.419479
2.56 | 1119.534 | 0.421125 ]| 2.56 1134.3 | 0.421125
2.57 | 1124.859 | 0.422771] 2.57 | 1138.782 0.422792
2.58 | 1128.531 | 0.424438 | 2.58 | 1142.613 0.424438
2.59 | 1132.234 | 0.426104 | 2.59 1146.825 | 0.426104

2.6 1136.128 | 0.427792| 2.6| 1151.339 0.427771
2.61| 1141.357 | 0.429458 | 2.61 | 1155.615 0.429458
2.62 | 1145.585| 0.431125] 2.62 | 1159.954 0431125
2.63 1149.13 | 0.432792 | 2.63 | 1164.277 0.432792
2.64 1154.2 | 0.434438 | 2.64 | 1168.331 0.434458
2.65| 1159.207 | 0.436104 | 2.65| 1172.304 0.436104
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2.66 | 1162.147 0.43775] 2.66 | 1176.882 0.43775
2.67 | 1165.978 | 0.439438 | 2.67 | 1181.301 0.439417
2.68 | 1170.349 | 0.441083 | 2.68 | 1185.115 0.441083
2.69 | 1174.656 0.44275 | 2.69 1188.93 0.44275
2.7 | 1179.218 | 0.444438| 2.7 | 1192.999 0.444438
2.71 | 1183.383 | 0.446125 | 2.71 1197.72 | 0.446125
2.72 | 1187.452 | 0.447833 | 2.72 | 1201.296 0.447813
2.73 | 1192.045| 0.449521 | 2.73 | 1205.333 0.4495
2.74 | 1195.415| 0.451208 | 2.74 | 1209.513 0.451188
2.75| 1199.023 | 0.452875| 2.75 | 1213.805 0.452854
2.76 | 1203.632 | 0.454521 | 2.76 1218.653 | 0.454521
2.77 | 1207.733 | 0.456188 | 2.77 1223.66 | 0.456167
2.78 | 1211.786 | 0.457833 | 2.78 | 1228.301 0.457813
2.79 | 1215.903 | 0.459479 | 2.79 | 1231.591 0.459458
2.8| 1220.194| 0.461125| 2.8 | 1235.549 0.461125
2.81 | 1224.057 | 0.462771 | 2.81 | 1239.761 0.462771
2.82 | 1228.015| 0.464417 | 2.82 | 1244.513 0.464417
2.83 | 1232.147 | 0.466083 | 2.83 | 1248.805 0.466083
2.80Y 1236.566 0.46775 | 2.84 | 1252.762 0.46775
2.85 | 1240.746 | 0.469417 | 2.85| 1256.752 0.469417
2.86 | 1245.149 | 0.471104 | 2.86 | 1260.678 0.471104
2.87 | 1248.741| 0.472771| 2.87 | 1265.097 0.472% AL
2.88 | 1252.333 | 0.474438 | 2.88 | 1269.436 0.474438
2.89 | 1257.324 | 0.476104 | 2.80 | 1274.284 0.476104
28 1261.521\1) 0:477773::2;0MC 1877-272 0.477771
2.91 | 1265.081| 0.479438 | 2.91 | 1280.943 0.479417
2.92 | 1268.991 | 0.481104 | 2.92 | 1285.251 0.481083
RV T273.354 0.48275 | 2.93 | 1290.735 0.48275
2.94 | 1276.668 | 0.484438 | 2.94 | 1295.042 0.484417
2.95| 1281.595| 0.486104 | 2.95 | 1298.952 0.486083
2.96 | 1285.982 | 0.487771 | 2.96 | 1302.671 0.487771
2.97 | 1289.956 | 0.489479 | 2.97 1306.2 | 0.489458
2.98 | 1294.184 | 0.491167 | 2.98 | 1311.255 0.491146
2.99 | 1299.095| 0.492854 | 2.99 | 1315.133 0.492833
3] 1302.465| 0.494521 3 1319.52 | 0.494521
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