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ABSTRACT

Nowadays, the usage of natural fiber to produce biodegradable composites
has gained increasing interest due to their eco-friendly properties. Biodegradable
composite can be defined as composite material or the combination between matrix
and reinforcement used both materials from natural resources. Pineapple leaf fibre
(PLF) is a waste product of pineapple cultivation. This fibre has potential as
reinforcement fillers in thermosets, thermoplastics, elastomers or biodegradable
matrix and exhibit excellent mechanical properties. One of biodegradable matrix is
the mixture of starch (SH) and glycerol (GLY). The ratio of GLY has been vary from
10 up to 30% from total weight of mixture SH/GLY. The tensile strength of this
mixture had been determine and the mixture of 70:30 (SH:GLY') shown the highest
value of 0.734 MPa. Therefore, this matrix has been selected to produce composite
of PLF/(SH/GLY) and the mechanical properties of this composite have been
studied. The objectives in this study were to investigate the effect of fibre loading,
addition of GLY as bonding agent and fibre treatment in PLF/(SH/GLY) composite
by comparing the mechanical properties. The composite compositions are
50PLF/50(SH/GLY), 60PLF/40(SH/GLY) and 70PLF/30(SH/GLY) and has been
fabricated through hot compression moulding in order to form composite sheet. The
PLF fiber was treated used Sodium Hydroxide (NaOH) as treatment agent. The
mechanical properties of the composite materials were analyzed through the tensile
test (ASTM D 3039/D 3039 M-00), hardness test, density measurement and
macrostructure analysis. All of the tests basically show improvement. Tensile
strength shows increment of the value of 27.686MPa with the increasing of fibre
loading. The same pattern also happen to the hardness and density measurement
shows increment value of 55.0 in shore-D and 1.332g/cm3 of the result with the
more composition of fibre in the composites. Therefore it can be concluded, the
results showed 70PLF/30(SH/GLY') composite filled with treated fibre had higher in

tensile strength, hardness and density.
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ABSTRAK

Pada masa kini, penggunaan serat semula jadi untuk menghasilkan komposit
biodegradable telah mendapat minat yang semakin meningkat kerana sifat mesra
alam mereka. Komposit biodegradable boleh ditakrifkan sebagai bahan komposit
atau kombinasi di antara matriks dan tetulang digunakan kedua-dua bahan-bahan dari
sumber asli. Serat daun nanas (PLF) adalah produk sisa penanaman nanas. Serat ini
mempunyai potensi sebagai pengisi penguat dalam termoset, termoplastik, elastomer
atau matriks biodegradable dan mempamerkan sifat-sifat mekanikal yang baik. Salah
satu matriks biodegradable adalah campuran kanji (SH) dan gliserol (GLY). Nisbah
GLY telah berbeza-beza dari 10 sehingga 30% daripada jumlah berat campuran SH /
GLY. Kekuatan tegangan campuran ini telah menentukan dan campuran
70:30(SH/GLY) yang dipaparkan nilai tertinggi 0,734 MPa. Oleh itu, matriks ini
telah dipilih untuk menghasilkan komposit PLF/(SH/GLY') dan sifat-sifat mekanik
komposit ini telah dikaji. Objektif dalam kajian ini adalah untuk mengkaji kesan
loading serat, penambahan GLY sebagai ejen ikatan dan rawatan serat dalam PLF /
(SH/GLY) komposit dengan membandingkan sifat-sifat mekanikal. Komposisi
komposit adalah SOPLF/50(SH/GLY), 60PLF/40(SH/GLY) dan 70PLF/30(SH/GLY)
dan telah direka melalui pengacuan mampatan panas untuk membentuk lembaran
komposit. The PLF serat telah dirawat digunakan Sodium Hidroksida (NaOH)
sebagai agen rawatan. Sifat-sifat mekanikal bahan komposit dianalisis melalui ujian
tegangan (ASTM D 3039/D 3039 M-00), ujian kekerasan, pengukuran ketumpatan
dan analisis Macrostructure. Semua ujian yang pada dasarnya menunjukkan
peningkatan. kekuatan tegangan menunjukkan kenaikan daripada nilai 27.686MPa
dengan meningkatkan serat loading. Corak yang sama juga berlaku kepada kekerasan
dan pengukuran ketumpatan menunjukkan nilai peningkatan sebanyak 55.0 di shore-
D dan 1.332g/cm’ hasilnya dengan komposisi lebih serat dalam komposit. Oleh itu ia
boleh membuat kesimpulan, keputusan menunjukkan 70PLF/30(SH/GLY) komposit
penuh dengan rawatan serat mempunyai lebih tinggi dalam kekuatan tegangan,

kekerasan dan kepadatan.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND OF STUDY

Generally, bonding agents known as naturals, compounded or synthetic materials used
to enhance the joining of mdividual members of a structure without employing mechanical
jointing equipment or fasteners. These products are often used in various types of applications
such as building construction, automotive, airbus and so on. For example in the application of
building construction industry, the main types of bonding agents used are latex emulsions and
epoxies. Furthermore, these two have their own mechanical properties and chemical properties
as suitable bonding agents to be used for bonding the materials for construction process
(Mailvaganam, n.d.). In biodegradable composite, regarding from that, those bonding agents
are the main important elements, in order to analyze the strength of the materials involved in a
certain project. Therefore, this project is focusing on the effect of bonding agents towards the
composition ratio of two materials which is Pineapple Leaf Fibre (PLF) as reinforcement
material and Starch (SH) as matrix material, in order to determine their mechanical properties.
Bonding agent is known as additive, which is the material that can react with the composition
of reinforcement and matrix, in order to increase the mechanical properties of the composites.
Their presence towards the composition can affect the result on the mechanical testing
whether it will show increasing or decreasing value of the composites sample. Bonding agent
such as polylactic acid (PLA) and glycerol, GLY) can be available as their functions as

plasticizers that can react with thermoplastic material such as starch and polypropylene (PP).



Reinforcement in a simplest word can be described as a material that will strengthen
the structure. The reinforcement is made up of material or fibre. Nowadays, the natural fibres
are increasingly used as reinforcement in polymer composite (Campbell, 2010). The
reinforcement also can come from natural or made by human. There are other several types of
reinforcement in industries such as synthetics fibre and natural fibre. The example of fibres
that normally used in industries is glass fibre and carbon fibre. Glass fibre is well known as the
combination made between steel sheet and zinc diecasting. For example in automotive
industry, carbon fibre dominates as the main reinforcement that has low-cost composites.
Furthermore, they has already reached its impressive performance level in automotive

manufacturing process (Haruna et al., 2014).

There are a few examples of natural fibres such as sisal fibre, bamboo fibre, pineapple
leaf fibre, hemp fibre and jute fibre. Nowadays, natural fibres such as sisal and jute fibre
composite materials are being alternative natural fibres that can replace the glass and carbon
fibers since the cost of glass fibre is quite expensive in market. Furthermore, the hardness and
flexibility is good and compare to the glass fibre. The performance of natural fibre is improved
remarkably due to the fact that the field of application is improved day by day especially in

automotive industries.

Nowadays, natural fiber composites have gained increasing interest due to their eco-
friendly properties. From the previous research that has been done by a researcher on natural
fibre properties, the natural fibre has obtained positive results. This is due to the natural fibers
such as jute, sisal, silk and coir are inexpensive, abundant and renewable, lightweight, with
low density, high toughness, and biodegradable (Asim et al., 2015). Natural fibres such as jute
have the potential to be used as a replacement for traditional reinforcement materials in
composites for applications which require high strength to weight ratio and further weight
reduction (Ashik & Sharma, 2015). Natural fibres are all kind of fibres that come from natural
resources such as plant. The other word that can describe the natural fibres is a natural

availability. The natural fibres that extract from the plants are actually obtained from the



certain parts of the plant such as leaf. Therefore, the strength of natural fibre will increase if it

undergoes chemical treatment.

1.2 PROBLEM STATEMENT

Natural fibre composites are widely used in a few industries includes an automotive
industry especially as an interior part. Currently in industries, normally for the type of natural
fibre material used is synthetic fibre. Thus, natural fibres like sisal, banana, jute, oil palm,
kenaf and coir has been used as reinforcement in thermoplastic composite industries for
applications in consumer goods, furniture, low cost housing and civil structures (Munirah,
Abdul Razak, & Hassan, 2007). Since the cost is much more affordable and it is a natural
availability compared to the cost of glass fibres and carbon fibres, the industries try to harness
the advantages of natural fibre composite. Nowadays, the automotive field tries to diversify
the natural fibre in manufacture of a car bumper from kenaf while a car seat from coconut
fibre. Furthermore, most of natural fibres are renewable, cheap and recyclable. Therefore in
this project, the pineapple leaf fibre (PLF) is used as a reinforce material and starch (SH) as a
matrix materials to produce PLF/SH composite. Thus the composite is biodegradable
composite, which is consists of those two materials in order to keep strengthening the
mechanical properties. Many advantages are associated with the use of biodegradable
composite, including low cost, abundance, low density, high specific properties and lack of
residues upon incineration (Sahari & Sapuan, 2011). Besides, it is also a solution to maintain

the sustainabale development of economical and ecological technology.

The current mechanical properties of PLF/SH composite used is might lower based on
their analysis in mechanical testing. Hence, one of the alternative solution to increase the
mechanical properties of PLF/SH is through added the bonding agent (1 up to 10 % from the
total weight of the composite). The presence of bonding agent is to improve the interface
between the matrix material and reinforcement. One of the materials can be used as bonding

agent is glycerol. GLY can be mixed with SH before this mixture can be used as matrix in



PLF/(SH/GLY) composition. In order to determine the effectiveness of bonding agent several
mechanical tests will be carry out such as tensile test, hardness and flexural test. Therefore, the
mechanical properties of PLF/SH composite will be performed in order to investigate their
actual mechanical properties. On the other hand, composite also have good potential to be

used as an interior part of automotive but its potential has not been explored yet.

1.3  OBJECTIVES

There are two goals which are listed to be achieved on this project:

1. To determine the effect of GLY as binder loading on the physical and mechanical
properties of SH/GLY composition.
2. To study the effect of PLF loading on the properties of PLF/(SH/GLY') composite.

1.4  SCOPE OF PROJECT

This research studies the effects of bonding agent loading on the mechanical properties
of PLF/SH composite which will be carrying out. The various ratio of bonding on SH/GLY
composition are being selected and determine the physical and mechanical properties. After
that the composite PLF/(SH/GLY') will be fabricated through hot compression moulding with
the ratio of composition in the composite is fixed at, 70:30, 60:40: 50:50. An alkaline
treatment will be conducted to extract thin PLF bundles and enhance the PLF properties before
the formation process of PLF/SH composite by using hot pressing machine. The mechanical
properties of PLF/SH composite is need to be determined by using tensile test, hardness test,

density measurement and macrostructure analysis.



CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

Natural fibres composites are widely used in industry in order to produce a new
product since it is an environmental friendly. Nowadays, the industrial automotive is trying to
use the natural fibres composites especially i the making of interior part as shown in Figure
2.1 below. This is highlighting on their advantages which are low cost and weight, also can
prevent from damage towards processing equipment and great in mechanical properties
(Sanjay et al., 2016). Natural fibres also can be defined as substances that come from
agricultural residues. Thus, they can be used as the reinforcement with biodegradable polymer

composites as a development in order to obtain useful products in industries.

Figure 2.1: Application of natural fibres in automotive industry (Farsi, 2000)



The combination of the natural fibres reinforced with biodegradable polymer
composite also can provide an alternative way in order to solve the problems that associated
with agriculture crop residues. All of thems are being produced everyday and they are being
obtained in a large amount of quantity. Therefore, the reinforcement of natural fibres and
biodegradable composite can prevent from negative effect on the environment due to the air

pollution of the residues.

2.1.1 Biodegradable Composites

Biodegradable composite can be defined as composite material or the combination
between matrix and reinforcement of natural fibres. These kinds of materials have their own
function which keep strengthening the properties of the matrix that was used, but always
providing biodegradable compatibility. It is also known as composite material made from
natural fibre and polymer matrix derived from petroleum such as polylactic acid (PLA),
cellulose and thermoplastic starch (Sahari & Sapuan, 2011). Thus, the matrix part of the
biodegradable composite can be classified into two parts which are fully degradable and partly

degradable as shown in Figure 2.2 below:
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Figure 2.2: Biodegradable composite (Sahari & Sapuan, 2011)




For more specific, the combination of the composite material is being used in one of
the world’s major palm oil producer in Malaysia, where the natural fibre of oil palm has been
successfully compounded with thermoplastics such as PLA in order to produce biodegradable
composites. The forming biocomposite which is lignocellulose fibre is a renewable material
and also can increased the surface roughness of the fibre by the removal of hemicellulose and

surface impurities (Schaschke & Audic, 2014).

22  MATRIX (BINDER)

There are many types of materials used as matrix in composites. Therefore, in order to
combine the matrix with the fibre, it must be in the suitable type of the matrix. This is because
the combination of the fibre with the appropriate matrix will form a very good strength
property. A good matrix has many advantages to the reinforcement such as can prevent the
natural fibre of abrasion and defects in surface, also acting as a binder to the fibre used in

composition (Verma et al., 2012).

The types of matrix that normally used in composites are metal matrix and polymer
matrix. However, these two matrices have their own characteristics that could affect the
performance of the composition formed. For more specific, metal matrix has good strength at
higher temperatures, but high in density that can cause lower specific mechanical properties if
compared with polymer matrix (Verma et al., 2012). However, the matrix used in this project
is thermoplastic starch which is included in polymer matrix. The matrix will support load

among the reinforcements since the reinforcements are discontinuity.

2.2.1 Starch

Starch is classified in thermoplastic type, with also included as green composite based
on their compositions, preparations and properties. Because of that, the characteristics of the

starch have gained many interests due to its properties as the material of environmental



friendly and biodegradable renewable sources. However, the research shows that the
application of starch can be further expanded, and can be developed more in order for wider
usage. The starch brings many advantages especially in composites. This is because starch is
naturally form in much quantities, can be renew and cheap in market (Wattanakornsiri &

Tongnunui, 2014).

Before forming into the thermoplastic polymers, there are various sources of starch
that has been used such as corn starch, tapioca starch, rice starch and wheat starch, which need
to be bonded with addition of plasticizers in high temperature and shearing force. The purpose
of this converting process is to obtain the lower friction between the molecules of the starch.
The example of plasticizers that usually used is water and glycerol (Wattanakornsiri &

Tongnunui, 2014).

In the chemical properties of starch, the starch contains two main elements which are
amylose and amylopectin as shown in the presence of chemical structure in Figure 2.3 and
Figure 2.4. These kind of elements can be hydrolyzed the compound into glucose. Initially, the
starch is in crystalline form. The starch is normally need to be gelatinized which the
intermolecular bonds molecules of starch is break by the water and heat, that make the
hydrogen bonding sites is reduced and irreversibly dissolves the starch granules in water

(Wattanakornsiri & Tongnunui, 2014).

CH,OH CH,OM CH,OM
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Figure 2.3: Chemical structure of amylose. (Wattanakornsiri & Tongnunui, 2014)
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Figure 2.4: Chemical structure of amylopectin. (Wattanakornsiri & Tongnunui, 2014)

There is history about the usage of starch which it has been chosen as one of the choice
in the literature in 1920s. Since the advantages of the starch have been discovered, the
research towards the characteristics of the starch has shown that there are also disadvantages
existed. Therefore, all of the problems can be controlled by strengthening their mechanical
properties. Besides, all the chemical processes such as the addition of plasticizers or the
technology that has been discovered can be used to prevent the matters that can affect the
properties. The thermoplastic starch also can be considered as a new class of inexpensive and
green polymers which can be returned back to its natural state without any pollution after it

has been used. (Nafchi et al., 2013)

2.2.2 Epoxy

Epoxy is classified as matrix or binder. It usually used as thermoset plastic in polymer
matrix composites. It has quite low shrinkage and great properties such as good chemical and
environmental resistance, good adhesion to other material, and good insulating properties.
Epoxy is manufactured by the combination of bisphenol and epichlorohydrin (Adalberto et al.,
2014).

Besides, the epoxy resin also has its own ability which is it can be bonded or reacted
with various type of substrates. The epoxy can be applied as a curing agent in cure process. It

always referred as hardeners, activators and also catalyst. Normally, especially during the

9



cured process occur, the element of amine will be used as a curing agents. This is because
amine which is containing hydrogen will react with the nitrogen compound and it will make it
easier to open the epoxy ring. The epoxy ring will form a covalent bonding (Singla & Chawla,

2010).

2.3 BONDING AGENT

In composites, the appearance of bonding agent is none other than to increase the
mechanical properties of the composition between the particular natural fibres and matrix
involved. For more specific, the properties of bamboo fibre with the addition of bonding agent
can increase their properties in the aspect of tensile strength, tensile modulus, elongation at

break and hardness (Ismail, 2002).

Based on the previous research, the study on the bamboo fibre composite with the
addition of bonding agent has been conducted. The bonding agents used in this research are
phenol formaldehyde and hexamethylenetetramine, and have obtaining the greater result in the
concept of maximum and minimum elastic torque of the composition. This is strengthen the
fact that the bonding agent has improved the properties of the combination between the

bamboo fibre and the matrix (Rabu & Wirjosentono, 2001).

Beside that, there are some researches also have been done towards the application of
advanced glycerol combine with adhesive monomer components to become as one composite
resin. In order to determine its mechanical properties, the microtensile bond strength has been
conducted and the presence of glycerol has shown its specification based on the result to be

one of the suitable bonding agent (Dickens & Hoon, 2005).

24  REINFORCEMENT

Based on the intellectuals such as researchers, scientists and engineers, the utilization

10



of natural fibres have been widely used as a composite element especially for the
reinforcement in polymer. This is due to their characteristics which are low cost, fairly good
mechanical properties, high specific strength, non abrasive, eco-friendly and biodegradable.
Besides, the natural fibre also has been determined as alternative way in order for the

replacement of conventional fibre like carbon and glass (Sanjay et al., 2016).

2.4.1 Natural Fibre

Nowadays, the application of natural fibres is quite popular and widely used in several
industries in Malaysia especially in automotive industry. The research on the natural fibres has
been done since the early 1900’s and that means it has been used around 1000 years as
reinforce material. The importance of natural fibres can be highlighted in car manufacturing
sector which it concentrates on interior part and exterior part (“Natural Fiber Composites : A

Review,” 2010)

There are various types of natural fibres as reinforcement with the polymer composite
such as jute fibre, sisal fibre, pineapple leaf fibre, bamboo fibre and banana fibre. Natural
fibres also can be included as the material that comes from natural resources or in simplest
word it comes from natural availability. Since it is natural availability, the price of natural
fibres is cheap and easy to get, and also it is classified as renewable resources (Dhal & Mishra,

2013).

Generally, the natural fibres are lignocellulosic in nature. Hence, the plants such as
flax, cotton, hemp, jute, sisal, kenaf, pineapple as well as wood are more tend to be applied as
reinforcement of composites. Since the advantages of natural fibres which are rapidly growing
and partially recyclable, they become an attraction in industrial applications and fundamental

research. The Figure 2.5 below shows the classification of the natural fibres:
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Figure 2.5: Classification of natural fibres as reinforcement.(Submitted et al., 2009)

Among all the natural fibres, the pineapple leaf fibre is one of the best fibres that
usually used as reinforcement due to its greater mechanical properties. This is because
pineapple leaf fibre has higher in tensile strength and contains high cellulose. In pineapple
industry, basically they are only needed the pineapple fruit and leaving the leaf. Thus, the
pineapple leaf will generate high volume of waste and they will be burned. Hence, it will
cause pollution to environment and clearly wasting one of the best potential sources of natural

fibres (Jaramillo et al., 2016).

There have been a few studies have been done by researchers. These researches have
been done including with the study about pineapple leaf fibre. The fibres have obtained great
results such as higher in tensile, flexural, creep in resistance and compactness. This is because
the pineapple leaf fibre can be increased its properties by having chemical treatment with
sodium hydroxide (NaOH) solution, and also remove the cellulose content at the surface of the
pineapple leaf fibre as shown in Figure 2.6 below (Asim et al., 2015). The pineapple leaf also
cannot be obtained in similar length because the leaves at the plant do not have fixed in length,

as shown in Figure 2.7:
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Figure 2.6: Pineapple Leaf Fibre. (Asim et al., 2015)

Figure 2.7: Pineapple Leaf. (Asim et al., 2015)

25 FIBRE LENGTH

According to the previous research, the pineapple leaf size that obtained from the plant
is not same since there are huge and small in size. Therefore, the pineapple leaf obtained from
the plant will undergo extraction process by using machine that changes the leaf into the fibre.
Then the fibre will be extracted manually by hand using kitchen utensils like spoon and knife.
Based on the research, the size of leaf can give effective reinforcement when it is combine

with the matrix (Munirah et al., 2007).



2.6 FIBRE EXTRACTION METHOD

According to the previous studies, the PLF were extracted by two methods which are
mechanical method and chemical method. Between these two methods, the chemical method
is more effective and normally used in the process. This method is including the technique of
immersion, which is used the step of soaking the leaves in certain times. Thus, the next
process is mechanical method, which by whittling the leaves until the skin of the leaves is
removed. This kind of procedure is to get rid of the cellulose content at the fibres surface. The

fibres then dried by using the oven (Adam & Yahya, 2016).

2.6.1 Mechanical Extraction

The mechanical extraction is one of the methods that need to be applied to the
pineapple leaf fibre. The pineapple leaf fibre has obtained in different size, which some of
them are small and some are huge. The mechanical extraction brings the meaning of manually
extraction by using kitchen utensils such as knife, spoon or plates. In the other words, this
method is using the rebonding technique, which means it is to remove the unwanted layer at

the natural fibre (Adam & Yahya, 2016) .

2.6.2 Chemical Treatment

Based on the research, the chemical treatment has the function which to increase the
strength of the fibres. Chemical treatment or alkali treatment will be undergoing before the
mechanical extraction were done. The solution of sodium hydroxide (NaOH) is the most
common solution used as a medium to clean the natural fibre. The chemical treatment will
improved and give greater result in mechanical properties. Based on the research done, the
pineapple leaves is determined to be immersed in 5% of NaOH solution in about 1 hour as

shown in Figure 2.8 below. After that, the natural fibre sthat have been immersed in NaOH
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will be neutralized in a 1% solution of hydrochloric acid (HCI). Then, the natural fibres will be
put in the oven for drying method in 65°C to 70°C in the period of 3 hours (Engg & Engg,
2013).

.Figure 2.8: Sodium Hydroxide. (www.keywordsking.com)

2.7 TESTING

For the testing, the American Standard Testing Methods (ASTM) is used as the
mechanical testing method for the guidance standard for the pineapple leaf fibre testing.
Accroding to the previous study, there a few tests that have been done such as tensile test,

hardness test, flexural test, density test and microstructure analysis.

2.7.1 Tensile test

Tensile test is used to measured the ability of the material, and in this case the ability
of composite between the pineapple leaf fibre and starch will be determined by withstand
forced that tend to pull and extent the material before it breaks. In the research, the tensile

strength and Young’s modulus are the parameters that have to be determined after the test
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have done. The standard used for the tensile test is ASTM D 3039/D 3039M-00) (A N Kasim
et al., 2015).

2.7.2 Hardness Test

The composition of PLF/SH also need to be determined based on their hardness.
Therefore, in order to measure its hardness, the hardness test needs to be conducted toward the
samples of PLF/SH. The equipment used for this hardness test is Analogue Shore Scale “D”
Durometer according to the standard ASTM D1957. This is based on the hardness of the
samples that were measured by the curvature occurred on samples and also the reading shown

by the dial indicator (Selamat, Razi, Kasim, Dharmalingam, & Putra, 2016).

2.7.3 Density Measurement

In the research, the specific values of density which the lowest and the highest can be
obtained by density measurement of the composition of PLF/SH. The density values can be
measured by using Electronic Densimeter MD-300S. From the result that will be obtained, the
relationship between the fibre loading and the density can be determined (Selamat et al.,

2016).

2.7.4 Macrostructure Analysis

After the result from the tensile and hardness test have been obtained, the

macrostrucutre analysis of PLF/SH need to be analyzed by using Dino Lite Digital

Microscope. All the image appeared will be compared based on the parameters in order to

choose for the best samples (Selamat et al., 2016).

16



CHAPTER 3

METHODOLOGY

3.1 EXPERIMENTAL OVERVIEW

Methodology is a process of the implementation of project. It is very important to
describe each step to accomplish and many items to deal with. The process of the
implementation of the project is shown in the flowchart in Figure 3.1. The actions that need to
be carried out to achieve the objectives in this project are listed at the objectives part above.
The first step is gaining all the informations about the method and process need to be gathered
in order gain understanding about the project. This step highlights about the understanding
through about the whole element of project, which including the finding of informations from
sources such as journals, online articles, or any materials regarding the review of the project.
After that, it followed by selection of material, and then proceeds with fabrication method and
binder preparation. The suitable sample which is the type of PLF needs to be identified and
after the selection has been done, the compression process is continued until it was repeated
for unsuitable sample. Then, cutting process and testing is the last steps that need to be done

for this project.
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Figure 3.1: Flowchart of the methodology
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3.2  SELECTION OF RAW MATERIALS

The material selection is one of the important methods which need to be alerted, due to
the project that relates with the concept of composite. This is belongs to the combination of
the natural fibre and the binder along with the additive of bonding agent into the composition.
Generally, the selection of the material must according to a few factors such as the pineapple
leaf fibre which has the strength of the plants fibre and high in cellulose content and suitable
for the performance as reinforcement in polymer composites (“Effect of Pineapple Leaf Fiber

Length on the Properties,” 2015).

3.2.1 Pineapple Leaf Fibre

In Malaysia, there are many plants that can be made as natural fibres. Most of them
have speciality to become the best natural fibres as the reinforcement with the binder for
composites. Among of them, the pineapple leaf is one of the most popular based on its
mechanical properties. Besides, the usage of PLF has been widely attracted to industries
nowadays such as in paper and textile making. This is because of the reasonable length of PLF
that can be used for the production. Despite from that, the applications of PLF have huge
opportunities since it provides good advantages to be as one of the natural fibres existed in

Malaysia (Takahashi, 1990).

In this project, the pineapple leaf fibre is selected because of two reasons. In Malaysia,
the focus of pineapple industry is the fruits and the leaf is leaving behind, mainly because of it
was composted or burned, and thus, it has wasted a good potential source of fibres. Rather
than burning it and will cause negative effect of environment, it is better to extracted the fibres

from the leaves obtained.
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3.2.2 Starch

For the combination with the pineapple leaf fibre as reinforcement, starch has being as
one of suitable matrix that can be used for the composition. This is because the starch has the
characteristics of promising raw material and also become as one of the attractive sources.
Based on the previous research, the combination with cellulose fibres such as PLF can

improve the properties of the starch, since it is one of the thermoplastic types.

Therefore, in this project, the starch has been provided in powder form. In order to
undergo the formation process with the PLF, the starch is initially heated until it melted before
mixing with the PLF in the compression process (Selamat et al., 2016). Therefore, the
presence of bonding agent into the formation will increase the properties and providing the
best results of the composition. The following Figure 3.2 shows the image of starch in powder

form:

Figure 3.2: Starch in powder form
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3.2.3 Composition of SH/GLY

Before the formation process between reinforcement of PLF with matrix of SH, the
properties of GLY towards the composition is initially find out. This is done by the finding of
the best composition of the matrix SH with the bonding agent GLY. The process to find the
composition need a repeated process until it acquires the specifications required. The
specifications of the sample is high strength, non agglomerate and flexible. Therefore, the
process requires several compositions between the SH and GLY in order to find the best

composition among the others as shown in Figure 3.1 below.

Table 3.1: Preliminary composition of SH/GLY

Sample SH (%) GLY (%)
L 85 15
2 80 20
3 75 25
4 70 30
5 65 35

3.2.4 Composition of PLF/SH

In this project, the PLF is used as reinforcement while the SH is used as a
binder/matrix. This composition is also added with the bonding agent of Glycerol, (GLY) in
order to show the comparison of the result between the composites. Since the pineapple leave
have not similar in length, the specification of the composition have been decided. The
following Table 3.2 is the preliminary composition ratio of PLF/SH also with the addition of
bonding agent that will be used in this project:
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Table 3.2: The preliminary composition of PLF/SH with Bonding Agent

PLF (%) SH (%) Bonding Agent (%)
70 30
60 40 2
50 50
70 30
60 40 4
50 50
70 30
60 40 6
50 50

3.3 FABRICATION METHOD

The fabrication method is actually to produce the sample of the composition which
includes the extraction of fibre. The extraction of fibre brings the meaning of the pieces of
PLF will undergo mechanical and chemical treatment process in order to extract the fibre. The
function of the treatment is to increase the fibre strength and treated the fibre surface. The
following Figure 3.3 and Figure 3.4 show the methods of PLF chemical extraction by using
NaOH solution before the PLF is getting involved in the mechanical extraction by using

kitchen utensils:
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Figure 3.3: Chemical treatment of PLF

Figure 3.4: Mechanical extraction method of PLF

3.4 BINDER PREPARATION

The binder being used is starch (SH). The SH is provided in a powder form. Then it
will be mixed with the chosen bonding agent which is Glycerol (GLY), with several
compositions until it melts parallel to the process of determining of the best and appropriate
sample with the same composition that will be done in compression moulding with the PLF in

order to choose for the final samples.
There are several compositions that have been decided in order to find the best
combination of compositions between SH and GLY as shown in Table 3.3. The relationship

between these two materials is being conducted in hotpress machine. The size of the mould
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involved for compression process is 140mm x 60mm. Since the compression process occurs in
a hot temperature, the cooling process is done before SH/GLY is removed from the mould.

The composition ratio of SH/GLY is being set up as in order to find out the best composition.

Table 3.3: Composition of SH/GLY

Sample Composition SH (g) GLY(g) Total weight
(2)
1 85SH/15GLY 34.0 6.0 40.0
2 80SH/20GLY 32.0 8.0 40.0
3 75SH/25GLY 30.0 10.0 40.0
4 70SH/30GLY 28.0 12.0 40.0
5 65SH/35GLY 26.0 14.0 40.0

The probability of the combination between these two materials could obtain results in
the form of high strength, shape, smooth surface, colour and flexibility. Table 3.4 below

shows the samples with the composition of SH/GLY after all of them have been compressed.

Table 3.4: Samples of SH/GLY

Composition Sample

85SH/15GLY
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80SH/20GLY

75SH/25GLY

70SH/30GLY

65SH/35GLY
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3.4.1 Determine appropriate parameter of matrix SH/GLY

There are two parameters that have been set in the same composition which is
70SH/30GLY as the best composition. The best appearance among the two parameters is
being chosen for the final sample. Table 3.5 below shows that the two types of parameters that
have been done with the same composition and sample two has been chosen as the best and

appropriate sample due to its strength, smooth surface and flexible compared to sample one.

Table 3.5: Comparison of parameters

Sample 1 2
Pressure 200 tonne 200 tonne
Temperature 165°C 165°C
Preheat time 10 minutes 15 minutes
Compressed time 15 minutes 20 minutes
Composition 70SH/30GLY 70SH/30GLY
Results

3.5 COMPRESSION MOULDING

The sample of PLF/(SH/GLY) then is prepared by using manual mixing technique.
The PLF and best composition of SH/GLY which is 70SH/30GLY powder form undergo the

process of compression by using hot press machine as shown in Figure 3.5 below.
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Figure 3.5: Hot Press Machine

The sample is being placed in the mould along with the arrangement of layer by layer
technique (Supri & Lim, 2009). The size of the mould is 140mm x 60mm as shown in Figure
3.6 below. The temperature and time used to compress the sample, pre-heat time; pressure is
already set during the compression process. Table 3.6 shows the comparison between all the

compositions involved in this PLF/SH composite.

Table 3.6: Composition of PLF/(SH/GLY)

Sample Composition PLF (gram) SH/GLY (gram)
1 70PLF/30(SH/GLY) | 14.0 6.0

2 60PLF/40(SH/GLY) | 12.0 8.0

3 50PLF/50(SH/GLY) | 10.0 10.0
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Figure 3.6: Size of mould

There are several processes need to be set at hotpress machine before the machine is
operating. The temperature used to compress the sample is 165°C and the pressure set at 200
tonne. The compression processes started with pre-heat for 15 minutes and continue with

compression time for about 20 minutes. Figure 3.7 shows the mould is pressed during

compression process.

Figure 3.7: The mould is pressed by hotpress machine.
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After compression process has completed, the mould is taken out from the hotpress
machine and being proceeded with cooling process where it takes about 15 minutes by using
low press machine as shown in Figure 3.8 below. The purpose of the cooling process is to cool

down the heated mould as long as to make it easier to pull out the sample for the analysis.

Figure 3.8: The cooling process
After the sample has been removed from the mould, the observation towards the

sample can be made. Therefore, all the samples for all the compositions can be compared as

shown in Table 3.7 below.

Table 3.7: Samples of PLF/(SH/GLY)

Composition Sample

70PLF/30(SH/GLY)
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G6OPLF/40(SH/GLY)

50PLF/50(SH/GLY)

3.6 CUTTING PROCESS

After the sample of PLF/(SH/GLY) having the compression method, the composites
sample will be cut to the specified dimension in order for doing mechanical testing. The
dimension is according to the standard required which is ASTM D 790-03 for flexural testing
and ASTM D 3039/D 3039M-00 for tensile testing (Barkoula, Garkhail, & Peijs, 2010). The
cutting process will be use the proxxon table saw as shown in Figure 3.9 below provided in

laboratory as the equipment involved for cutting process.

Figure 3.9: Proxxon Table Saw
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The dimension of sample according to the ASTM D 3039/D 3039M-00 is 13mm x
140mm. Therefore, all the samples have been cut based on the dimension given before
undergo tensile test. Figure 3.10 below shows one of the PLF/(SH/GLY)) sample that has been
cut based on the dimension of ASTM D 3039/D 3039M-00.

Figure 3.10: Dimension of PLF/SH sample

3.7 MECHANICAL TESTING

There are four types of mechanical testing that will be undergo throughout this project
which are tensile test, hardness test, density test and microstructure analysis test. These four
testing have their function which is to determine and analyze the strength of the composition
of the natural fibre and binder along with the bonding agent. For tensile test, it has its own
standard required for doing the testing which is ASTM D 3039/ D 3039M-00. This standard
highlights about the dimension of the samples required in the standard before it will be fixed

into the Universal Testing Machine for tensile testing.

3.7.1 Tensile Test

Tensile test is one of the most basic in mechanical testing that performs for
determining the properties of the material. The tensile test is simple, inexpensive and
standardized. The strength properties of the material will be determined by pulling the material

until it breaks. Thus, the behaviour of the material under the forms of loading can be analyzed.
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There has tension that is applied during the tensile test. The main properties which can
be obtained during tensile test are ultimate tensile stress and strain. Therefore, it is also
functions to create the stress-strain curve of the material being tested (Testing, 2004). The
standard of the tensile test is the American Standard Testing Machine (ASTM D 3039/ D
3039M-00) and the machine used for this tensile test operation is Universal Testing Machine

Instron 8872 as shown in Figure 3.11.

Figure 3.11: Universal Testing Machine Instron 8872.

In order to conduct the tensile test, the sample of PLF/(SH/GLY) is being cut by using
proxxon table saw before it is undergo tensile test with the length of the sample is 140mm and
the width is 13mm. This dimension is according to the ASTM D 3039/ D 3039M-00, and the
span length is marked on the sample as shown in Figure 3.12 before it is mounted on the

machine as shown in Figure 3.13.
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Figure 3.12: Dimension of sample for tensile test

Figure 3.13: The sample is mounted on the machine

Lastly, all the parameters and conditions involved such as total length, span length,
width and thickness is set on the software provided. The speed used is being set before the test
is conducted which the speed used is 2.2mm/minute. The tensile test operation is started until

fracture occurs at the sample and the result of stress-strain curve is being printed as shown in
Figure 3.14.
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Figure 3.14: Stress-strain curve

3.7.2 Hardness Test

Hardness is conducted to test the hardness composition of PLF/(SH/GLY). There are
five factors that can be used to determine the correct hardness test which is material used,
approximate hardness, the shape, heat treatment and also the production requirement. For
measuring the hardness of the sample, the hardness device which is shore hardness tester is
pressed firmly at a constant speed vertically to the sample at a flat surface and the reading of

the hardness will be read manually (Zhao, Allanson, & Ren, 2015).
In simplest word, hardness test has the function to determine the properties of hardness

between PLF and SH/GLY. The Analogue Shore Scale is used to run the hardness test. Figure
3.15 shows the Analogue Shore Scale.
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Figure 3.15: The Analogue Shore Scale

There are several steps in order to conduct this hardness test. Firstly, the sample is
placed on a flat surface. Then, the indenter is pressed into the sample and the reading is taken
by referring the red scale on the Analogue Shore Scale. Figure 3.16 below shows the method
on measuring the hardness of the sample. All the steps are repeated with other sample of

different compositions of the PLF/(SH/GLY') composite materials.

Figure 3.16: Measurement of the sample
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3.7.3 Density Test

For this section, the density test is being conducted in order to determine the specific
gravity or density of PLF/(SH/GLY) composite materials. This density test is done by using
Electronic Densimeter as shown in Figure 3.17. There are a few steps to conduct this test.
Firstly, the sample is being cut into smaller pieces and then being placed on the container in

order to find the mass value of the sample.

Next, the sample is placed into the water and the specific gravity of the sample and
also the volume is automatically being measured by the densimeter. Then, the reading is being
displayed and all the steps are repeated with other samples. The average value then is being

calculated.

Figure 3.17: Electronic Densimeter
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3.7.4 Macrostructure Analysis

The objective of macrostructure analysis on the composite sample is to study the
behaviour inside of the microstructure of the PLF/(SH/GLY) composite. There are a few
elements that can be made from this analysis such as surface morphology of the material that

includes crack, porosity and the voids of the material.

In order to run the microstructure analysis, the Dino Lite Digital Microscope is used as
the device to determine the behaviour inside of the composite material. Figure 3.18 below

shows the Dino Lite Digital Microscope.

Figure 3.18: Dino Lite Digital Microscope

There are a few steps that need to be taken before the analysis can be started. The first
step is the digital microscope need to be connected with the computer. Next, the sample that
wanted to be analyzed is being put under the lens of the microscope. Then the images of the
sample can be controlled by adjusting the magnification of the lens. Therefore, the analysis
can be finished with the systematic capture by the computer and all the steps are repeated for

the other compositions.

37



CHAPTER 4

DATA AND RESULTS

This chapter shows all the experimental data and results for all the mechanical testings
that have been conducted through all the composite samples. The all four mechanical testing
involved are tensile test (ASTM D 3039/D 3039 M-00), hardness test, density test and also

microstructure analysis.

41  TENSILE TEST

The tensile test is used to determine the mechanical properties or behaviour of the
composite sample that has been subjected under the form of loading. Therefore, the Universal
Testing Machine Instron 8872 is used in order to do the test operation. The standard test
method that has been used is based on Tensile Properties of Polymer of Composite Material
(ASTM D 3039/D 3039 M-00) and it has been run with constant speed (2mm/minute). The
samples used consist of the composition of 50PLF/50(SH/GLY), 60PLF/40(SH/GLY),
70PLF/30(SH/GLY) and also one sample of 70SH/30GLY, and then the data collected are

shown in graph of tensile stress (MPa) versus fibre loading (%).
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4.1.1 PLF(SH/GLY) and SH/GLY Tensile Test Result

Figure 4.1 shows the graph of tensile stress (MPa) versus composition (%). The data of
all samples are shown in Figure 4.1 with the composition of S0PLF/50(SH/GLY),
60PLF/40(SH/GLY), and 70PLF/30(SH/GLY). Based on the graph obtained, it shows the
overall increasing value from S0PLF/50SH to 70PLF/SH but it also shows a slightly decreases
in tensile stress value at 60PLF/40(SH/GLY) composition. For the matrix material
composition which is 70SH/30GLY, it shows the lowest value because of the properties of the

material which is elastic and does not require much load and easy to break the sample.

Tensile stress at Yield Load (MPa) versus PLF
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Figure 4.1: Tensile Stress (MPa) versus PLF Loading (%)

All the data that includes tensile stress (6), Young Modulus (E) and strain (g) for the
composition SOPLF/50(SH/GLY), 60PLF/40(SH/GLY), and 70PLF/30(SH/GLY) have been

calculated as shown in Table 4.1 respectively. According to the Table 4.1, the lowest value of
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Young Modulus between reinforcement and matrix composite is 0.37 which at the
composition of 60PLF/40(SH/GLY) while the highest value is 1.06 at the composition of
70PLF/30(SH/GLY). Besides, the matrix composition 70SH/30GLY shows the value of 0.02

for the Young Modulus.
Table 4.1: Tensile test data
No PLF Loading Tensile stress, 6 | Young Modulus, E | Strain, & (%)
(%) (MPa) (GPa)
1 50.0 12.295 1.02 0.012
2 60.0 10.468 0.37 0.028
3 70.0 27.686 1.06 0.026
4 70SH/30GLY 0.718 0.02 0.033

42 HARDNESS TEST

For this section, the hardness of the composite sample is measured on the composition
of reinforcement and matrix of the material. The Analgue Shore Scale type-D is used in order

to test the hardness each of the PLF/(SH/GLY) and 70SH/30GLY samples. The repeated

measurement is taken and the average value of the hardness is calculated.

4.2.1 PLF/(SH/GLY) and SH/GLY Hardness Test Result

All the data have been collected and being analyzed. Thus, the graph of hardness
versus composition is being constructed for all the compositions as shown in Figure 4.2.
Besides, Table 4.2 shows the tabulation of data to show that all the data have been obtained

during the test.
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Figure 4.2: Hardness (Shore-D) versus PLF Loading (%)
Table 4.2: Hardness test data
PLF Loading Hardness (Shore-D) Average

(%)

50.0 51.0 5o (¥ 50.0 51.0

60.0 50.0 56.0 58.0 54.7

70.0 57.0 55.0 53.0 55.0

70SH/30GLY 33.0 33.0 31.0 32.3

Based on the Table 4.2, the hardness test results show that the composition of
PLF/(SH/GLY) composite material is increasing from S5O0PLF/50(SH/GLY) to
70PLF/30(SH/GLY). In overall in the Figure 4.2, there are increases in graph pattern which is
directly proportional with the increasing of PLF to the samples. The matrix material of

70SH/30GLY shows the lower value of hardness due to its elastic properties of the material.
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4.3 DENSITY TEST

The Electronic Densimeter is used in order to conduct the testing and the reading is
recorded in Table 4.3 below. Therefore, the graph of density of the samples versus

composition is constructed as shown in Figure 4.3 below.

4.3.1 PLF/(SH/GLY) and SH/GLY Density Test Result

Density (g/cm3) versus PLF Loading (%)
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Figure 4.3: Density (g/cm’) versus PLF Loading (%)
Table 4.3: Data of density test
PLF Loading Density (g/cm’) Average
(%)
50.0 1.330 1.300 1.298 1.309
60.0 1.380 1.260 1.310 1.317
70.0 1.304 1.351 1.342 1.332
70SH/30GLY 0.659 0.863 0.887 0.803
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Based on the Figure 4.3, the graph shows an increasing pattern from
S0PLF/50(SH/GLY) until 70PLF/30(SH/GLY). The highest value of density is shown at
70PLF/30(SH/GLY) composition with the value of 1.332 g/cm’. Therefore, it can be
summarized as the increasing the composition of PLF is making the value of density getting
higher. Thus, the value of density of 70SH/30GLY remains lowest with the value of 0.803

g/em’.
4.4  MACROSTRUCTURE ANALYSIS

In this section, macrostructure analysis is being conducted in order to view the
macrostructure of each sample. The results shown are the structure of the surface morphology

of the sample if there have any attendance of void, crack, and impurities based on its

composition. Table 4.4 below shows the view of data for the macrostructure analysis.

4.4.1 PLF/(SH/GLY) Result

Table 4.4: Macrostructure analysis view

Composition Macrostructure View

200mm magnification 150mm magnification

50PLF/50(SH/GLY)
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60PLF/40(SH/GLY)

70PLF/30(SH/GLY)

=53HGLY

-

Based on the all data in the Table 4.4, the behaviour of PLF and SH/GLY can be
observed clearly by using Dino Lite Digital Microscope. The behaviour between these two
materials seems to be accumulated among the PLF with the higher composition percentage of
the SH/GLY. The figure also shows some SH/GLY is spotted to accumulate at the certain spot
only. Thus, this kind of analysis may be affecting the result on the mechanical properties like

tensile test.
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CHAPTER 5

DISCUSSION AND ANALYSIS

In this chapter, all the results obtained from all the mechanical testing to the samples is
shown and discussed. The behaviour and properties of the PLF and SH which determined
from tensile test (ASTM D 3039/D 3039 M-00), hardness test, density measurement and

macrostructure analysis also being analyzed.

5.1 PARAMETER FINDINGS

For the parameter findings, it is all about finding the parameters composition of SH
with the bonding agent of glycerol, (GLY). For this finding, the trial and error method is used
in order to find the best composition of SH/GLY. Therefore, in order to find the appropriate
parameter for the matrix, it is obviously a crucial step as it is the main matrix component

before the sample of the best composition can be done for the best matrix composition.

By the way, the results of SH/GLY obtained from this part are not accurate as the
reasons can be done in a various ways. The matrix content, heating time for compress the
materials and size of the mould can be the problems or reasons why this kind of study seems
could not to be achieved. The temperature of 165°C is chosen for compressing the material.
The best composition for matrix material is observed based on its higher strength, non-

agglumerate surface and flexible. Table 5.1 shows the result obtained from this experiment.
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Table 5.1: Parameters findings of SH/GLY

Sample | Composition | Temperature | Pressure | Preheat | Compress Sample
°0C) (tonnue) | Time Time
(mins) (mins)
1 85SH/15GLY 165 0 10 10
2 80SH/20GLY 165 0 10 10
3 75SH/25GLY 165 200 10 20
4 70SH/30GLY 165 200 15 20
5 65SH/35GLY 165 200 15 20

The temperature is set to be 165°C because of the melting temperature for the starch to
be form with the glycerol which contains high amylose content inside its properties.
Therefore, the higher temperature will give harm for the starch to be melted and it also can

affect the other result of mechanical testing.
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Based on the Table 5.1, it also shows the increasing of time for pre-heat and compress
gives greater result for the matrix sample. The best composition sample among the rest is
70SH/30GLY for have the requirement of most smooth surface, non agglomerate, more high
strength and flexible. This is because of longer time taken for the materials form to be heated;
it will affect more content of the matrix composition. For this case, the phenomenon of heat
transfer is need to be considered. The heat being transferred from the hotpress machine to the
mould requires sufficient of time to form thermal equilibrium. Otherwise, the result obtained

for the sample composition is unsuccessful.

5.2 EFFECT OF PLF COMPOSITION AND PLF LOADING ON TENSILE

The tensile properties of the composites material are shown in the previous Table 4.1.
The results show based on the composition from S0PLEF/S0(SH/GLY), 60PLF/40(SH/GLY)
and 70PLF/30(SH/GLY). The results obtained finding different composition with a different

size of particulate matrix is providing a different result significantly.

Figure 5.1 shows the result of comparison for all the samples involved in the tensile
testing. The highest value is 27.686 MPa at composition 70PLF/30(SH/GLY) while the lowest
value is 10.468 MPa at the composition 60PLF/40(SH/GLY). Meanwhile, the composition of
SOPLF/50(SH/GLY) shows high value compared to 60PLF/40(SH/GLY) which is 12.295.
However, generally it can be summarized that the tensile stress are gradually increased as the

composition of the PLF content is increased.

The tensile stress is higher at 70% of PLF loading as compared to the other two fibre
loadings, which is the highest value of 27.686 MPa. This is because more fibre loading or
content enhances the strength of the composites. Hence, the function of matrix is to transfer
the forces to the fibres. If the fibre loading increased, it can withstand higher forces as

compared to lower fibre contents.
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Tensile Stress at Yield Load (MPa) versus
Composition (%)
30
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10

Tensile Stress at Yield Load (MPa)

50PLF/50(SH/GLY) 60PLF/40(SH/GLY) 70PLF/30(SH/GLY)
Composition (%)

Figure 5.1: Tensile Stress (MPa) versus composition (%)

Beside that, the composition of matrix in the composite material is being analyzed
whether it could affect the result on the mechanical properties or not. The content of matrix
should be in finest condition in order to give higher value in the mechanical properties of the
sample. The matrix has the ability to hold the fibre content firmly as it is used to react and
melt very well as it being pressed during compression process (Ayu Natasya Kasim et al.,

2015).

Besides, the orientation of fibre is should be in the transverse or vertical direction in
order to get better results. Figure 5.2 below shows the view of the position of PLF along with
the content of matrix for the composition 70PLF/30(SH/GLY) which is to hold the fibre firmly

in order to get better result. Thus, it will make the mechanical properties went stronger.
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Figure 5.2: Macrostructure view of 70% fibre loading

53 EFFECT OF PLF COMPOSITION AND PLF LOADING ON HARDNESS

Figure 5.3 below shows the results of hardness (Shore-D) with the various percentages
of compositions of PLF and SH/GLY content composites material. The results in the Figure
5.3 shows that the hardness value is increase with the increment of the fibre loading from 50%
to 70% and particulate size of the matrix material for all the samples composition. The average

value is taken in order to get more accurate results.

Hardness (Shore-D) versus Composition (%)
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Figure 5.3: Hardness (Shore-D) versus composition (%)
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Based on the graph, the highest value of hardness is 55.0 at the composition of
70PLF/30(SH/GLY) while the lowest value is 51.0 at composition SOPLF/50(SH/GLY). Since
the reinforcement material is in the random discontinuous orientation, it makes an uneven
dispersion of matrix. In addition, the higher value of matrix content will makes it harder for
the PLF to mix well with the SH/GLY content. Therefore, it makes the sample with the larger
content of PLF the highest value of hardness compared to the lower amount of PLF

composition for the composite material.

For composition 60PLF/40(SH/GLY). It shows a very small difference of hardness
with the value of 54.7 compared to the 70% fibre loading with the value of 55.0. For fibre
loading, it can be seen obviously that, the highest content of fibre loading which is 70% has
shown the highest value of Shore-D hardness. Besides, the results may be due to the unsmooth
surface or the matrix and the fibre are not properly mixed during the compression process and
make the matrix does not melt properly. Hence, the sample cannot withstand the wear
resistance of the composites. This is the reason why the experimental to be repeated for a

several times in order to get better results.

54  EFFECT OF PLF COMPOSITION AND PLF LOADING ON DENSITY

For the density measurement, all the data are collected and being tabulated based on
their composition for all the samples. The compositions are SOPLF/50(SH/GLY),
60PLF/40(SH/GLY) and 70PLF/30(SH/GLY). Figure 5.4 shows the graph of the density with
the comparison between all the compositions involved. Overall result for the composites

materials do not show much a large distinct.
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Density (g/cm3) versus Composition (%)
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Figure 5.4: Density (g/cm’) versus composition

Based on the Figure 5.4, the lowest density value is in SOPLF/50(SH/GLY) with the
value of 1.309g/cm’ while the highest value is in 70PLF/30(SH/GLY) with 1.332g/cm’.
However, the increment between 50% fibre loading to the 70% fibre loading showing small
difference density value between them. Therefore, it shows that the increasing in fibre loading
will increase the density measurement of the samples. The increasing of fibre loading is

directly proportional to the value of density measurement.

For this case, the highest density is found at the composition 70PLF/30(SH/GLY)
because of the ability of the starch to fully melt as it is in less composition. This make the
SH/GLY is fully covered with the presence of PLF, and hence make it less water absorption
through the samples (Selamat et al., 2016). Therefore, it can be concluded that the content of
fibre and the loading of fibre can affect the density of the composites materials. In order to get
accurate results, the measurement is repeated with three different specimens for each samples

and the average data is recorded.

51



5.5 MACROSTRUCTURE ANALYSIS

The macrostructure analysis for all the composition based on the percentage of fibre
loading and also the matrix materials is being tabulated as shown in Table 5.2. There are a few
elements which is surface morphology that can be considered in this analysis such as PLF

content, SH content, voids and impurities.

Table 5.2: Macrostructure Analysis

Composition Macrostructure View

50PLF/50(SH/GLY)

60PLF/40(SH/GLY)
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70PLF/30(SH/GLY)

= SH/GLY accumulates at certain point only

O = PLF mix well with SH/GLY

= void

= impurities

Based on Table 5.2 above, the samples with higher composition of SH/GLY tend to
have more voids compared to the sample which has less content of SH/GLY. This is because
from the higher level of matrix make the material hardly to be mix properly with PLF and the
percentage of SH/GLY to be accumulated at the certain point on the sample is high. Therefore,
the result shows that the 70PLF/30(SH/GLY) composition previews a greater surface of

composite materials with no voids at all.

Besides, the surface of the 50% and 60% fibre loading seems to be agglomerate at the
certain part. This is because the PLF do not have a good interfacial reaction when the SH is
decreases. Therefore, this could affect the mechanical properties of the sample especially for

tensile testing result.
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5.6 COMPARISON EFFECT OF PLF COMPOSITION AND PLF LOADING ON
DENSITY AND HARDNESS

Density (g/cm3) and Hardness versus

Composition
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1.332
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54 54.7 55 - 1.325
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>0 | 1.3
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50PLF/50(SH/GLY) 60PLF/40(SH/GLY) 70PLF/30(SH/GLY)

Figure 5.5: Comparison graph between density and hardness

Figure 5.5 shows the comparison of graph between density test and hardness test of all
PLF/(SH/GLY) samples. The highest values for both testings are at the composition of
70PLF/30(SH/GLY) where the values are 1.332 g/em’ and 55.0 respectively. At the
70PLF/30(SH/GLY) composition, the interaction between PLF and SH/GLY shows that the
content of the PLF is more than SH/GLY that leads to the uneven dispersion of SH/GLY
towards the PLF content. Besides, more content of PLF will produce less water absorption
through the samples. Therefore, the more fibre loading will give high value of hardness and

density.

The lowest values for both testing are at SOPLF/50SH composition with the values of
1.309 g/cm3 and 51.0 respectively. The addition of SH with bonding agent GLY makes the

matrix material hardness value is at 32.3 as shown in Figure 4.2 previously. This is proving
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that the hardness properties of the matrix material are lower. Therefore, that is possible reason
why the formation of fibre with high matrix content as shown in Figure 5.5 gives a lower
result as shown at SOPLF/50(SH/GLY) and 60PLF/40(SH/GLY) compositions compared to
70PLF/30(SH/GLY). The more increase PLF content is giving higher values for both density

and hardness value and surely it can affect the mechanical properties of the samples.
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CHAPTER 6

CONCLUSION AND RECOMMENDATIONS

6.1 CONCLUSION

This project is about studying on the green composites which have many advantages
for many applications especially in automotive industry in order to make an interior part of
automobile. This research also exposed on how to produce natural composites which is from
the combination of natural fibre and natural polymer. Therefore, in this study the pineapple
leaf fibre is used as the reinforcement material while starch with the addition of glycerol as

bonding agent, is used as the matrix material.

Based on the result and discussions, the matrix or binder preparation for this project
has been determined. The presence of GLY has shows its effect towards the SH content in
order to determine their mechanical properties with the PLF loading. The tensile, hardness and
density test show that the sample increases value at the composition of 70PLF/30(SH/GLY)
which means that the more fibre loading will give more impact towards the mechanical
properties of the samples. From the results obtained in this research, the mechanical properties
have showed that these biodegradable materials are useful in the production of composite

material.

The preliminary study which is the matrix preparation that is to find the best

composition with the trial and error method has been determined even though the result
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obtained is not too accurate. From the result obtained, the mechanical properties of the matrix
material has prove the glycerol properties as plasticizers that could react with starch properties

in order to affect the mechanical properties of the PLF.

Besides, the ability of the matrix to be mixed properly and easier to be melt in the
fabrication process with the fibre is need to be considered. Thus, this also gives a crucial hint
that the matrix could give a good potential in producing a higher performance of the
composite material of PLF/SH. Therefore, based on overall on these findings, it can be
concluded that the fibre loading will affect the mechanical properties of the composites

material.

6.2 RECOMMENDATIONS

There are a few recommendations that can be suggested for further research in this
study. The recommendations are intended in order to improve the mechanical properties of

PLF/SH composite. The recommendations are listed as below:

1. Fibre length

The PLF can be included in one of the finest fibre that can be used. Therefore in this
project, the long fibre is used as the reinforcement in order to determine its mechanical
properties. However, it is quite hard to obtain a proper length in order to put inside the
mould for compression process. In addition, the orientation of PLF also could be one
of the factors that can affect the mechanical properties of the PLF loading. Therefore, a
suggestion has been made as the short length with specific 3mm, 4mm and 5mm to be

used in order to determine the mechanial properties of composite sample.

2. Compositions of materials

Since this research only used three compositions which are SOPLF/50SH, 60PLF/40SH
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and 70PLF/30SH, there has a suggestion to add more type of compositions like
40PLF/60SH and 30PLF/70SH in order to find its mechanical properties. This is
because this time with the matrix of SH content which is higher than fibre, it could

give a wide range of result, observation, assumption and analysis that can be made.

Cutting samples

Sometimes when handling the cutting process to the sample by using the proxxon table
saw, the rotating saw blade that cut the sample can leads the PLF compressed turns
into hairy, and thus can make the PLF stuck and fall inside the hole between rotating
saw blade and the possibly can cause injured. The suggestion besides the usage of
proxxon table saw is by using cutter or scissors in order to cut the sample for ASTM

standard.
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Properties and Equilitrium Conditoning of Polymer Ma-
trix O Materials*
E 4 Practices for Force Venfication of Testing Machines®

E & Terminelozy Relating to Meathods of Machanical Test-
1 5

ing
E &3 Practice for Verification and Classification of Exten-
someters’
E 111 Test Method for Young's Moduhus, Tangent Moduhis,
and Cherd Mod:las®
E 123 Practice for Chowe of Sample Size to Estimate a
Meazare of Cuality for a Lot or Process®
E 131 Test Mechod for Poissen’s Ratio at Room Tempera-
fure*”
E 177 Practice for Use of the Terms Precizion and Bias m
ASTM Test Methods”
E 251 Test Methods for Performance Charactemistics of
Mefallic Bondad Fesiztance Shain Gages*
E 456 Temumelozy Felaring to Quality and Statistics”
E 690 Practice for Conducting an Interlabamatary Stady o
Determing the Precision of 3 Test Method®
E 1012 Prcoce for Venficadon of Specimen Alisnment
Under Tensile Loadins®
E 1237 Guide for Insmlling Bonded Fesisonce Simain
Gages’
3. Terminology
3.1 Dgftmeripns—Termmolozy D 3878 defines terms relafine
w high-modnfns fibers and their composiies. Temminology
D883 defines terms relating to plastics. Termmelogy E§
defines term: relatmz o mechamical testine Terminalogy
E 456 and Pracrice E 177 define terms reladne to s@fistcs. In
the event of a conflict berween terms, Termunelegy D 3ETE
shall have precedence over the other sandards.

3.1 Definitions of Term: Specific to Thiz Standord:
MNOTE—If the temm repressmes a physical quansty, ifs
analytiral dimensions are stfed immediately followmz the
term (or lemer svmbol) i fmdamental dimevsion form. nsine
the following ASTM standard svmbelogy for fimdamental

* Anrouad Bool of AT Siondords, Vol 83 (i

* dmnual Booll of AT Siandords, Val 14 (1
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dmensions, shown within square brackets: [A] for mass, [I]
for length, [T] for tme, [&] for thermodynamic femperature,
and [nd] for nondimenzional quantities Use of these symbols
is restricted to apalytical dimensions when wsed with square
bracksts, as the symbols may have other definitions when usad
without the brackets.

311 nominal value, n—a vahie, existnE o only,
aasizned fo 2 measarable property for the parpose of coowve-
mieni desiznaton. Tolerances may be applied 10 3 nomimal
viiue fo define an acceptable range for the propary.

312 ramsinon region, —a sTam region of a siess-smin
Or strain-strain carve over which a signeficant change in the
slope of the cume poomrs within 3 small simin mnge.

313 ransition strain, ™" (nd], n—the strain vakue at
the mid range of the manziton rezon between the o
essentally linear portions of a bilinear stress-stam ar smam-
SOAID Curve.

3131 Dircprsipn—NMany flamertary composite mararials
show essenrially bilinzar bebawior durinz loading. sach 2s seen
in plots of eithar longihudinal smess versus lonzinudinal smain
or transvers2 siram versus long longimdinal smain, There are
vmmgplm:calmﬁ:ﬂnmau‘mnmm
regwn. Common examples inciude: mamix cracking under
tensile oading and ply delamination.

13 Symbois:

33.] 4—mmmmem cress-sectional ares of 3 coupar.

332 B, —percent bending for 3 uminxial coupon of rectan-
Eﬂ]ﬂmﬂmahaﬂymnfﬂnmfabmﬂﬂﬁ
Damow direction).

333 B —percent bending for 2 uniaxial coupon of rectan-
Eular cross section about ¢ axis of the specdimen (about the waide

334 CV—coeficieni of vamadom sagstic of a sample
population for 2 given proparty {in parcant).

3135 E—modubes of elasticity in the test dirsction.

334 Fe—ltimars fenzile srength in the test directon

337 Fe—lamate shear strength in the fest direction

338 h—coupon fhickness

339 I —emensometer page length.

3310 I, —mmovnm required bonded tab leneth.

3311 n—ommber of coupons per sample popaiation.

3312 P—load camed by test coupon

33.13 P—load camriad by tast coupon at failure.

3314 P**—mumnmen lead camied by test coupon before
faikare

3315 5, ,—standard deviation stnstc of 2 sample popu-
lation for 2 given proparty.

3316 w—coopon width

33.17 r—test resuli for an individuzl coupon from the

sample population for 3 given property.
3318 F—mean of average (sstmate of mean) of a sample

populaton for a given property.
3319 b—emensional displacement.
3320 e—genera] symbol for strain, whether normal strain
or shear smain.
33231 e—mdicated normal sraim fom strain transdacag g
SEIETSOmEtsT. -
33721 o—normal stress.

3323 »—Paiszon’s mtio.
4, Summary of Test Methed

4.1 A thin flat stip of matenal having a constant recransular
T035 Section is mounted in the erips of a mechanical testing
machine and monotonically loaded m tension wiils racording
Ipad The ultimates swrength of the material can be determined
from e maximum kad camied before fadhars. If the coupon
strain is monitored with soain or displacement ransducers then
the siress-siraim response of the matenal can be determined,
from which the ulfimae tensile stam fensile moduius of
elasticity, Poisson’s i, and fransifion soain can be derved.

5. Significance and Use

5.1 This test mathed is desizned to produce tensile propery
data for material ifications, research and

quality assurance and stactaral desipn and amabysis. Factors
that infinence the tensils response and should thersfore be
reponted inchede the following: marenal, methods of material
prepamaian and lay-ip, specimen sfacking sequence specimen
PrEparation. spechmen condiioming. environment of festng,
Tmmdmmdmsp&dofm time at
femperaturs. void content, and volume percent reinforcament
Ptq:aﬁe;.mﬂze'@stdﬂuﬁmnﬁkhmbenhﬂimdﬁnm
ihis test method incbade the following:

5.1.1 Ultimate tenzile stranzth,

3.12 Ultimoe tenzile soan

5.1.3 Tenszile chord moduius of elamity,
1.2 Poizzon’s rafio, and

3.1 % Trapsition stram.

f. Interferemces

6.1 Morerinl and Specimen Preparation—Poor materal
ﬁh‘mﬁupmhdofmmufﬁwﬁmm
damage mduced by improper coupan machining are kpown
cazes of hizh material data scarter o composies.

62 Crpping—A high percentape of srip-induced Sailures,
Epeuaﬂywhﬂcmhmdmh:gimmﬂmascrmrmm
mdicatnr of specimen Fripping problems. SpecEmen Z
methods are discussed further im 72.4, B2, and 115

63 System Aljgmmen—Exressive bending will cause pre-
mamre fathre, as well a5 highly imaccurate modufns of
elasticity determination. Every effort should be made to elimd-
nate excess bending from the test system Bending may occur
25 3 result of mizalizned grips or from specimens themselves if

iproperly mstalled m the grips or ow-of-tolerance caused by
por specimen preparation. IF there b any doubt as 1o the
alipnment inherent in 2 given st macking, then the aliznment
should be checked as disoussed m 715

6.3 Edge Effecs m dngie Py Laminane:—Prematurs faikre
and lowver stiffnesses are observed as a result of edge softendne
in laminates comfaiming off-axis plies. Because of this, the
strength and modukas for angle ply [amimates can be drasticaliy
undersztimated For quasi-sofropsc lamdpates contuming sig-
mificant 0F pliss, the =ffect is nof as sienificant.

7. Apparains
o " migometer with 2 &- fo 5-mm [0.15-
meter double-ball imterface chall be

l..l \..h
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nzad to measure the thickness of the specimen A micromatsr
wiih a fat anvil interface shall be used fo measure the width of
the specimen. The accuracy of the mstmiments shall be sizmble
for reading o within 1 %: of the sampls width and thickmess.
Far rypical spacimen zeometries, an msmumesnt With a0 accu-
roy of 15 gm [=00001 in] is adequate for thickness
measwgement whils an mstrument with an acouacy of =25
im [+0.00]1 in] 5 adeguate for width measorement.

7] Temrmg Muochine—The testng machme shall be i
coofarmance with Practices E 4 and shall safisfy the fallowing
Tequirements:

711 Testmg Muochme Hemds—The testing machme shall
have both an essenimally sfatonary head and 3 movable head.

712 Drive Machanim—The mungmtha&n!mecha
mism 3hall be capable of imparting to the movable head a
camimolisd velocity with respect to the sanomary bead The
velocity of the movable head shall be capadle of being
regulated as specified im 11.3,

713 Lond Indicator—The testing machine load-sensing
device shall be rapable of mdicatine the total load being
camied by the test specimen. This device shall Be essenmaliy
free from imerna faz a1 the specified b= of testmz and shall
indscate the load with an accuracy ower the load mngs(s) of
imterest of within =1% of the mdicated walue. The load
ranze(s) of meerest may be firly low for modutus evaiuation.
mach higher for strength evaluetion. or boch 2 reguired

Mo | —Cbodnmg preciion koad dats oves a large gy of intarest &
the saeo et mmch 3u whem both alaSc modele: a=d ultoreeds load 2re
being demmmmed plice axoame Tequinecent: co G load cell and i
caliteasion. For woms equuipeoent, @ special caliration may be meqemed.
For some combenations of moteral and Joad cell, ammlomecus precidon
meaverament of both elastic modulus md ultimate srengt mon- ot ba
poasibie and meoscemmont of pwdubes and soensth ooy Rone to be
parformed in separats Wats using a differas load call rangs for sach et

7112 Grips—Each head of the testing maching skall cay
one grip for holding the test specimen sa that the direction of
Ioad applied to the specimen is coincident with the longimudinal
axs of the specimen. The zups shall apply suffcient lataml
pressume o preven! slippage berween the grip face and the
coupon. If tabs are used the zrips should be long enough that
ibey overhans the beveled portion of the tab by approwmately
1010 15 mm [0.5 in.]. It & hizhiy desirable touze prips that are
rotatiorally seif-alipming to minimize bending swesses in the
Coumon

Nomw 1—Crp wefares ot s Hghth semated  appeocimatehy @
saraion'mms [2F serationsin ], hees bean found sattchctory for s @
wedme-acton Zips whan kept ceam and dkxp comre serTabions Y
mm&hﬁmm'::ﬂmﬁmﬁm
wexfaces ham bean used Ipvdramlic @
m:mmmw i

7315 Sysiem Aliemmen—Poor system alisnment can be a
Ia3jor COMTIENE 10 | faiture, to elastc property dai
scafter, of both Practice E 1011 describes bending evaluation
pudslmes and describes potential somre:s of mesalisnment
during tepsile testing. In additton to Practice E 1012, the
dezree of bending m 2 tendile system can also be evahuaded
considered separately i 1161

70

7251 A rectangular aliznment coupon preferably simiar
I size and stffmess o e test specimen of imferest =
mstromenied with 2 oummum of three longitodine]l stam
zages of similar rype, two on the fromt face across the wndth
and one on the back face of the spacimen. 35 shown in Fig. 1.
Any difference in indicated strain befween these gages durins
lpading 2 measwre of the amount of bending io the
thickness plane (B ) and width plane (B)) of the coupon. The
strain zage location should pormally be located m the muddle
af the coupon gage section (f modulus determipation is a
COnCaTm), near a grip (f premanmre zrip fathires are a problana),
or any ColnTination of hese arsas.

72152 When evaluaring system alismment if s advisable
parform the alismment check with the same coupen insemed m
each of the four possible msmllarion permmations (described
relative to the imtial position) atal (top-front facing ob-
server), rotfed back to froot only (fop back facing observer),
rofated end for end only (botiom front facing obserwer), and
rotated both front to back and end to end (botom back facns
observer). These four dam sefs provide am indiraton of
whether the bending 1= dus to the zvstem itself or o telemnce
in the alisnment check coupon oF ZAEDE.

7153 The zero staim point mayv be faken either hefore
Zripping of after gripping. The strain rzsponse of the aliznment
Couped is subsequenty monizored dorms the Fhppms process,
the rensile loading process. or both Eq 1-3 use these mdicated
strains to calulate the m@bo of the percentaze of bending siram
10 averaze' extensional smain for each bending plane of the
atsg-_mm:pmm..ﬁemnlpuxmbmﬂng,ﬂ . Plotdne

percent bending wersus agal awerage smain i3 usefal m
mder:mdi.ngtmdsinﬁebmdimgbehamofﬂnsﬁm

72154 Problems with fathares during gripping would be
TE&500 fo examing bending smame durins the sippms process
in the location near the gnp. Concern over modnius dat scatter
would be reasan to evaluate bending strains over the modules
evalaation load moge for the ppecal mansdurer location
Baoeszive faifures near the znps would be rason to evaluate
bending strains near the zrip at high loading levels. Whils the

i [ I
s 5 Gl 5
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maromnm advesable amourt of system musaligroment is mare-
ral and Jocation dependent zood testing practics is generalfy
20le to it percent bending w a anze of 3 10 5 % at modarate
smain levels (2100 pe). A system showing excessive bending
for the zZiven application should be readinsted or modified

e B 100

H = =

m

-

alz%ﬂlm @

B, = percen: bendins about system ¥ amis
(abmnﬂlemwphne}.aiakuhedh}'

Eq 1, %;
B, = parcent about system o axis
(abmn'lhemp}me‘},asumlamdhw
2 e
= Eén:md lonprnadmal swmains displayed
bTG!gEEl 1, and 3, respectively, of Fig

= ﬂz.*‘hﬂﬂ‘fh“l

Thewa]bendmgtmls.
Hoo=1B) |8 )
7.3 Soaim-f Dyvice—Load-strain data. if requined.
Mk&m&dhmﬂaﬁuammﬂcaun
extensomeater. Attachment of the smain-indswcatms device to the
coupon shall not cawse damage ip dhe specimen surface. I
Poisson’s matio is to-he determiimed the specimen shall be
insmaumented 10 mMeasIre S in bodh onesnaimal and lateral
directions. If the maodnhes of elasticity is to be determinad, the
lonzimdina] srain should be simmlanecusly measured -on
opposite faces of the specinen o allow for 3 comecton .2
result of any bending of the specimen (see 116 for fimther

e ey ey

puidance).

73.1 Bonded .Eﬂ.':m:wa Srain Gage Selecrion—EiTam
gage selection &2 © 'baﬂf‘ondmt],'pencfﬂml
Anm‘egagelmgﬂnnfﬁmm[ﬂ 25 i | i recommendsd for
most mareriaks Active gage lengrhs should not be less than 3
mm [0.125 in).” Gage calibration certification shall comply
with Test Methods E 251, When testing woven faboc lami-
nares. Eage selection should considsr the use of an active Zage
leneth that is at least as zreat as the characteristic repeating unit
of the weave Some Fuidelines on the use of s mges on
composites follow. A zenera] referencs on the subject is Tunle
and Brirsem ®

73.1.1 Surface preparaton of fber-reinforced composites
in accordamcs with Practice E 1237 can peretmaie the mairx
matenal and cause damage to the remforcing fibers resulting

. Reinforcing fibers should not be

Aupwmll-tl,)..ﬁ-n Iﬂl!’:wm‘ﬂ‘l i.ﬂl—ﬂmu
sirnin radmg of 1% or boser, ad the appecy EEN =d
thermal coeScioe

*Tissle, M. F ezl e, H F., “Remmance-Fuoil StarmLiage Tecknology w
Applind 0 Composie Msored,” Experimesial Mechone, W1 24, Boo 1, Mok
156 pp 5647, o potod m Vol 25, Mo 2, June 1986, pp [53-]52

71

The sram gaze mamufacnmer shouwld be consuited regandine
surface prepamnon Foidefines and recommended bondine
agents for composies pending the development of a set of
standard pracrices for smain gage msailation surface prepamn-
tion: af fiber-remforced composite materials.

7312 Consideration should be given o the selacion of
zagss having larger resistances o reduce heatmg effects on
low-condactvity marerials Bsnstances of 350 (1 or higher are
preferred Additional consideraton should be gnven fo the use
of the mmamnm possible gage excitafion volfage consistent
with the desmed acomacy (1 1o 2 V & recommended) to reduce
further the powsr copsumed by the zape Heating of the
coupen by the gage may afect the perfurmance of the maderial
directly, or &t may afect the indicated stain as a result of a
differance betwesn the Fage empemnre compensanon foar
and the coefficient of thermal expanszion of the coupan mate-
mal.

73 1.3 Consideratson of some form of temperymir: compen-
satien 15 recommended aven when testing at standard labora-
oIy amosphers. Tempamnre compensaton is required when
1B50Ng 0 monAMDEnt RMpETAnre SoViFonments.

7314 Consideranon should be given to the transverse
sensitivity of fhe selected sirain gage The smain gage mamu-
facnmer shonid be conmulfed for recommendadons on mans-
VErse sensitivity comections and efects on composites. This i
particularly impartant for a transversaly mounted sage used to
derermune Poizson’s mibo, 2 discussed in Node 11

7332 Eviensamers—ror most muposes, the exfensomster
gage lenzth should be i the range of 10 to 50 mm [0.5 0 2.0
i ]. Extensometers shall safisfy, at a minimum Practice E 83,
Clazs B-1 requirements for the strain rangs of inferest and shall
be caiibrated over that stram range in accordance with Practice
E E3 For ewiremely so0f matemials, or for measurement of
mansverse smains, the fixed emor allowed by Chass B-1
extnsomarers may be sigmificant i which case Class A
extensametars should be considered. The extensometer skall be
egrentially free of mertia lag at the specifisd speed of estns,
and the weizhi of the extenzometer should net induce bending
strains greater than those allowed in 6.3.

Newms 37— s gememally less diScult to perfom stain caliteasion oo
axmnzomenes of looger page leegth as leas precizion = displacapsess is
mquired of the ermemeter calibmnon davice.

74 Condittonine Clhumber—When condifioning maremials
eNVIIOnEnts, A {emperarurs/vaporevel-
muﬂadmummnl:mmb!umqmeﬂm
shall be capable of maintzining the regured temperature o
within + 3*C [+35°F] and the regumired relangve vapar level m
within + 3 % Chamber conditons shall be monstored either on
an antomared confmmeoas basis or on a mamaal basis ar regualar
75 Emoonmensl Tert Chomber—An environmental fest
chamber is raquired for test emvironments other than ambient
testing laboratory conditions. This chamber shall be capable of
mainmining the page section of the test specimen at the
Tequired tes environment during the mechamical west
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8. Sampling and Test Specmens

8.1 Sampimgs—Test ar lzast five specimens per test condi-
tion unless vaid results can be gined through the use of fewer
specimens, such as in the case of a designed experiment. For
saatisdcally significant dara. the procedures outlined in Practice
E 122 should be corsulted. Report the method of sampling.

Nome 4—I specimaens 2w o mndago el comditoming to
equilibrien, and am of such type or geonwery that the weighr changs of
the materia] cammot be proparhy meanmed by weighng the specimen itsglf
(suck 24 2 tabbod mocham 2! coupan), then e another Taler coupon of
the same scpuna] thicknew: and sppropriae e (bt withow mbe) %o
conditioned.

8.1 Geomery—Dezizn of mechanical test coupons, espe-
cially those usimz end fabs, remains to 2 large extent an ant
rather than a science. with oo industy consensus oo how to
approach the engineerm of the Zripping interface. Each major
composite testing laboratory has developed sripping methods
htﬂ!spmﬁ:mhmﬂammmm commonty
encountered within fhat fabomiory. Comparizon of thesa meth-
ods shows them to differ widsly, making @ exmemely diffcuit
to recommend 2 umiversally useful approach or' set of ap-
proaches. Because of this difficulty, definition of the zeometry
of the test coupon is broken down imte the folowing three

levels whech are discussed furiher in each appropriate section:
T Degina of Cecowty Dellesttm

B2 71 Canste Raourecsy mpﬂ.md Tomtahces

422 Spachs Mecuvrendalers Horrassnsy Sugeted Dimseairs
823 Delaind Exaripis Hentirigon Typeal Preciaoms
811 General

8111 S&mﬁmmmdlbhmrﬂ—m:m
list of requirements for specimen. shape, dimansions, -and
tolerances 15 shown in Table 1.

8112 Use of Inbs—T20s aze pot reguired. The key facror
in the selection of sp=cimen tolerances and zrippins mathods is
the successful imtroduction of load into the sperimen and the
prevention of premarure failure 25 a result of a ugnificant
disconmimuty. Therefore determing the need to use @bs, and

Mmofﬂnmnbﬁgmwmm&

TAELE 1 Tenclie Tpacimen Gsomstry Requinmenbs

Paiirrmie Py it mimrt
Caugen Reguiermala
stuape uralatl ndangule Smms-amciun
o Gipping + 2 times willh + gage leagth
et oy
specrm well Eimmtee =7 % of wall
speran Pechrmas B3 feaded
ap * =4% of R
spersiran fafoame Bl S it By pruiace
Tat: Regobermetés (f oe|
et i as (el
fowr orertales |onposie Wis) @3 heeded
a2 Potiuwman s e
a2 Petuoeas varetin belswe =7 % Wb thekneas
uls
lib bevel aige 5% DI incimbve

Ll slep o Swvsl o apecitan el wmieed wilbwd demwgity sk
YEan B2 2 o Tath 2 ko imcesrnencalions
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result: accepmble fwlwe mode and location If acceptable
failure modes ocour with reasonable frequency, then there is no
reason to change a given gripping method (see 11.10)

8§22 Specific Recommendartions:

£121 Width, Thicimess, and Length—Select the specimen
width and thickness to promoce faibare in the zage secton and
aszure that the specimen contain: a sufScient number of fbers
in the oss saction to be statistically representarive of the bulk
material The specimen lenzth should normaliy be sebsantaly
longer than the menivmmm requirement to minmize bending
siresses caused by minor Srip eccepmicites Kesp the gage
section as far from the grips as reasanably possible and provide
2 zigmificant amount of material under stess and thersfore
produce 3 more statistcaily siemificant resulr. The mininmm
raquirements for specimen design shown in Table 1 are by
themsalve: msufficient ®o creats a properly dimensioned and
toleranced coupon drawine Therefore, recommendations en
other impartant dimension: are providad for nypical matenal
confisumations m Table 2. These peometries have been found
by a umber of testmz labaratariss to produce accepiable
failure modes on 2 wide vanaty of material systems, tut use of
them does not guarantes success for svery smsting or famre
material system.

8122 Grippimp Tte of Tnds—There are many mafersl
mﬂgnznma:hmmmmmﬁmqud
material:, or racdemly reinfiorced s Compounds,
whirh ¢an be socpessfully pest=d without fabs Howeser, fabs
212 sirongly recommendad when testing unidirectional mareri-
alz {ar srongly unidirectionally domenated Jaminates) to faiture
in the fiber diraction. Tabs may also be required when testing
madmmnnal materals in the mamix direction to prevent
ETippins damaps,

£1123 Tab Geomerm)y—Recommendations on imporant di-
mensions are providsd for typica! matenal confipumations m

fe ) These dimersions hawe been found by a momber of
testing laboracomes fo produce acceptable faihare modes on a
wide vamiefy of material system:. tut use of them does not
Euaranies success for every existing or funre marsnial sysEm.
The selection of a @b confignration that can successflly
produce 3 Zage secton tensile fathire is dependent upon the
coupon material. coupon ply arientation. and the type of grips
being used When pressure-operated poowedge gxips are used
with care. squared-off 907 tabs have been nsad successfully,
Wedpe-operated erips hawe been used meost successfilly with
tabs having low bevel angles (7 1o 10%) and a feathered smooth
tansition mfo the coupon For alismment purpeses, it is
eszenfial that the tabs be of matched thickness

£124 Friction Tabs—Tabs need not always be bondad m
the material undar test to be effective in mmoducng the load
inte the specimen Friction tabs, sssentially nombonded tabs
held m place by the pressure of the =np, and often us=d with
emery cloth or some other kght abrasive between the tab and
the coupon, have been successfully used in same
Inspu:ﬁcmes.hghﬂymmdwadgegnps{mmﬁ}m
pesn mccessfully nsed with only emery cloth as the mtecfce
berween the grip and the coupon. However, the abmsive used
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TAELE 2 Tenclls Epesdmen Geomabry Resoomandations®

Flew Wi Crainall Large
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mast be able to withstand sipnificant compressive kads. Some
npes of emery cloth have been found inefective @ this
scation because of disinizpraton of the abtmaspre®

2125 Tob Mawrial—The most consistendly used bondad
fab material has besn confimuous E-glass fiber-reinforcad
pobymer mamix mafenials (woven ar unwoven) moa [090]ns
lammate confisuration. The tab material is copmmenty appliad
m#i“mmehacﬁmgmr&nutﬂmﬁdumﬁthﬁmﬂm
cocfipmations that have been successfully used
have mcorporated steel t2bs or bs made of the same material
a5 &5 being tested.

2125 Bopded Thb Length—"When uzing bondad tabs as-
tmmate the muninmem 'uggﬂhdtlhhgthimb«utdﬂdmtﬁh}'
the followins simple equation As thiz sguacon does not
accoumt for the peaking stresses that are Enewn o exdst at the
ends of bended jomts The @b lensth caloculated by this
eqmion should normally be increased by some factor to

reduce fhe chances of joint faihme:

e e =
whers:
e e sy STt e St
h %n thickness, pom fin J; and

™ wtimate shear smength of adhesive, coupon mate-

fal. or tab material {whichever is lowasf) MPa

[p=i]

2227 Bonded Ink Adverne—Any high-alonzaton (houzk)
adbesive system that mests the environmental requiremsnts
may be used when bonding @abs to the material under fest. 4
i form bopdSine of mirmmm thickress i3 desirable to reduce
undesimable sfesses in the ssembly

213 Dewriled Example:—The mipimum requesmens for
specimen desizn discussed in 821 are by themsedves msnf-
cient to create @ properly dimensionad and toleranced coupon
drawinz. Dimensiomally toleranced specimen drawingzs for
muhbain:ﬂlmatbmﬁmsmshnmuezmphamfle

2 (%I amd Fig. 3 (mch-poumd) The fodermnces oo these
drawings are freed, bt satisly the requmenents of Tabla 1 for
all of the recopmianded copfimmations of Table 1 For a
specific comfzamaton. the telemances on Fig 2 and Fip 3 meght
be able to be relaxed

23 Specime Prepararion:

23] Pongl Falricofon—Cootmol of fiber alipnment i
crifical, Improper fiber alizpment will redoce the measured

"E-Z Flox Mmsbie £330 cleth O 1300 availabie e Mo Corrpuy
Trui, NF 12681, e oo ] md my = U epplicxiim Ulher oo valesi
types ol smery clath should alin e wisikls

pooperties. Ematic fiker alippment will also meorease the coef-
ficient of variaftion. The specimen preparation method shall be

Teparied.

832 Mpchining Merhods—Specimen prepamfon is ex-
memsly mmportant for this specimen Mold the sperimens
mdividually te aveid edee and cutting effects or cuf Fom them
plates. If they are oof from plates, fake precaufions fo aveid
noiches, underours, rugh of uneven surfaces, of delaminatinns
cansad by rate machipins methods. Cbtin fnal
dimensions by water-lubricated precizion sawine, milling, or
gnnding. The use of diamoad tooling has been fommd to be
enfremaly afectve for many material systemz. Edges chould
be flat and parallal within the specifiad tolermnces.

B33 Labeiine—Label the coupon: so thar they wall be
distinct from each ether and fraceable back to the W mater:l
and ir 3 marmer that aill botk be ooaffectad by the test and not
mftuence the test.

9. Calibraton

0] The acrumacy of all messmins equipment shall bave
certified calibrations that are coment af the tme of e of te
EquIpTENT

1. Conditioning

10.1. Sramaird Condrtionmmg Procodure—Unles: 3 diffaree
snvirpmment §5 specifed as part of the experiment, condition
the test specimaps (o accordance with Procedme O of Test
Mathad D 52200 52200 apd store and fest at standard

labaratary ammosphers (23 + 3°C [73 + 5°F] and 30 = 10%
relamve mmidsty).

11. Procedore

181 Porewmeters In Be Specified Bofore Test

1511 The tensinn specimen sampling method  cmipon gpe
and gepmstry, and condifioning trwelars (i reguirad).

1012 The tensile properties and dafa reporiing format
desired.

Now —Dewamie specifc oaiEnal popaty ey @d daa
mportng mgarmenn hedore teat fir propar selection of mstrenarEton
and data-recordmg equipment. Ertimats oparatng sowss and strain kosls
o atid in emsdnoer slection, cafbrefion of squinmand, and determination
o pOEpme ening

10113 The enviroomental conditioning test parametars,

11.14 I performsd the samplins method coupon z=om-
eiry, and test parameters used fo determime demsiny and
reinforcement wobims.

113 Gumeral fnsructions:

1E.21 Fepont aoy deviations Tom this test method whether
mientanal of madvertent,

73
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FH3. 2 Tenslon Test Zpecimen Drawing (21

11.21 Tf specific zravity. density, reinforcement volume, or
void volume are to be reported, then obtain these samples from
the sams panels beine tensipn fested gravity and
densiry may be evaluated oy means of Test Methods D 792,
Vohmme percent of the consttents may be evaluated by one of
ihe max dgeston procedures of Test Mathod D 3171, or, for
cevtam reinfarcement matersals such as glass and ceramics, by
the mairs urm-of technimas of Test Method D 2584 The void
content ion: of Test Methods TV 1734 are applacabls to
mmwnziﬁmﬂmmﬁgﬁﬁmm

11.23 Following final specimen machmmz and any condi-
nnmng,hmbeﬁmﬂmmm;dm:nemzspm
arsa as A=w < h, 2t three places in the gage section, and
Tepoat the arsa 25 the averagze of thess three determinations to
the acouracy in 7.1 Becord the aweragze area im umits of
11 ol 1 B

11.3 Spewd of Testme—Set the speed of testing to effect a
nearfy constant strain e n the gags saction If stain cootrol
is not avadable op the testing machine, thes may be approsi-
mated by repeated monitoring and adjustng of the rate of load
applicaion o mani@in @ nearly Consimt simin mie, 35 mea-

74

sured by smain mansducer response versus me. The sirain e
should be selected 5o as to produce fulure within 1 to 10 piin
If the niimate stain of the materia]l cannot be reasonabiy
estimated, ininal mals should be conducted wusine standard
spesds until the ultimate stain of the matermal and the
compliance of the gysiem are known, and the soain m@e can be
adjnsted. The suzpested standard spesds aze:

Iljlirm-[‘ led Tertr—A standard strain mate of
0.01 min *

ns2 f."-:lﬂ.."m Hoad-Speed Tost—A standard head dis-
placement rate of 2 pm'min [0.05 o /fmin].

*&n é—Lse of 2 fooed bead speed In meting mackime Fyaiems Wit 3
bigh compliance may resmlt in a smin e that & smch lower than
mequred Use of wedge grips can comis axrams conpliancs m the myviens,
sspeciliy whan wumy compliint b movecials. In some much caes, achml
s mes 10 1o 30 Cooes Jowrer tham estimaned by boad speeds honw bean
ohaamed.

i1 4 Terr Emviromment—_ondifion the specimsn o the de-
sired moistare profile and. if peszible, fest under the same
condifoning finid exposure level Howewer cases such as
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Fi3. 3 Tenclon Tect 3psoimen Orawing (inoh-pound)

glevaied femparabore esdns of 3 molst specimen place umnre-
alisfic requiremenis oo the capabifites of common festing

machine environmental chambers. In such casas, the machami-
cal test povironmen: may need to be modifisd for exampls by
testmg at elevated temperature with no fuid exposure control
bt with a specified Hmst on time to fathre Som withdrowal
fom the condifioning chamber Modifications fo e test
environment shall be recorded

i14.1 Smore the sperimen in the condifonsd environment
the conditioning enviranment,

115 Specimen Insertipn—Place the spacimen in the snps of
the testing machire taking care to alizn the loog axss of the
gripped specimen with the test direction. Tighten the grips,
recording the pressurs used oo pressure commollable (hrydraudic
OF POemmatic) erips.

Horr 7—Tha snds of tha grip joas oo wedss-Tpe =ips should be evma
with sach other followng msartion o #void mdncng a bending vomant
ot reslts in pramamore Gl of the speciman at She grip. When muins

75

mobbed specimens, 3 folded smip of medien gade (80 to 130 g
amay cloth bemmen the specinan faoss ad the @ s (i
mmﬁmpmhamhpppm!h:pmwhn]n
samanon daepgo to the arbes of the specmen When wng mbbed
specimges, ot the conpon s that the arip fwe swtond appromineegde
10ee 15 pom [0.5 m ] past the begmeing of the tpend partion of the tb.
Coupom heang oibs thar s beyond the arips 2 prone o Sifum at
e tb and becamss of excewive misrlaminar sTeaes

11.6 Tronsducer Mnsmaliarion—I soain response s to be
determined amach the smain-indicaron mansducer(s)  the
fion. Ariach the smam-recordms instumentation o the mns-
ducers po the specimen

11.6.1 When detenmining modulus of elasticty, it & recom-
mended that 31 least one specimen per like sample be evatuared
with back-to-back awxial mamstucers io avaluate the percent
bending. using Eq 5, af the awerape axial simain checkpoint
value (the md mnge of te e chond modulns smam
range) shown in Table 3. A single ransducer can be used if the
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TAELE 3 fpsaimen Aligrensnt and Chord Modulus Caloulation

Btrain Ranges
Tursia Cherd Moailn Dacuates LeigRudnal Eliwii
Longlidisl Simin Raige Ok paet 45
Elarl et T ey
A
i
T R0 i

A 8 e = 0001 abuskas stwin
® Thig b taig Bk b corbaned b D lowe el of B abwsadslres st
For mabsisly S e Satow 8000 e, @ Sal (ibge of 25 ln 50 % of devele B

el

percent bendmg is no more than 3 %. When bending is sreater
than 3 % averapsd smains from back-to-back transdurers of
Iike kind are recommendsd

- &y

Hr:h '5:'

where
¢, = indicated srain from fronf tansducer, e
e, = indicated stran from back fransducer. ye: and
B = percent hending in speriman _

11.7 Loadms—Agply the load fo the specmem af the

11.3 Dara Recoydime—FRecord load versus stram (or rans-
ducer desplacement} confimmously or at fraquent rezular inber-
vaks. If a trapsition region of inital piy faikres are mocsd,
recard the Joad, strain, and mods of damage at such points I
the specimen s %o be failed record the maximom load the
faikare load, and the smain (or mansducer displacement) at, o
25 mear 5 possible o, the moment of muphire.

Nom B—Other valuable data that com be wwfil i undeamding
teating monabic: and goppos or spacmen slippiag problams inchudes
load verms bead Siplacemars dan and load veres thme dafa,

119 Failure Mode—Fecord the mode and location of
faibure of the specimen. Choose, if possible, a standard
description nsing the three-part faihme mode cods that 15 theam
inFiz 4

11.10 GnpTab Failurer—Feexamine the means of load
imfrechactson info the matenial if 3 significant facoon of failures
in 3 sample population ecour within one specimen width of the
fab or grip. Factors considered should mefade the @b alisn-
ment, tab materal, fab angle, tab adheswe. gnp type. Emp
pressure. and gmp alisnment
11. Calculation

121 Remzrig Srrers/Tensiie Smemgth—Calculate the uitmate
fepsile strensih using Eq 6 and report the results fo thiee

sipmificant figures If the tensile modulus is to be caloulasd,
determine the tensile stress af aach requared data point using Eq
o

e )
L F.-" m

76

whers

F* = yuifimare rensilz srenzth, MPa [pai],
F™ = mxropum load before faikore, N [Th€],

o = tensile stress at th daa poine. MPa [pa],
F = load at th data point, N [Ibf]; and

A averaze cross-sectiomal area from 11.23, mw’

[im?].

122 Tenzrle SrramTltmare Tenciie Smam—If tensile
modulas or ultimate tensile smain is to De cabrulated and
mafenal response i beimz determined by an extensomefer,
determine the tepsile sirain from the mdicatad displacement at
gach required data point using Eq 8 and repart the results to
three significant figures.

g =81, (B}
where:
e, = tensile straim at fth data point, e
&, = extensometer displacement at ith data peint, mm [in ];
and
L, = exiensometer gage length mm [in]
E"i Tensile Modwiu: of Ela-ticigy:

Nowe —To mmeoeg posential offocts of bending it is recommanded
ot the siein daty used for modning of almocty deforsmatios bo the
aeng of the mdicaied e fom sach ode of &e specman, =
ducnod in 7 1 nd 116

1231 Temsile Chard Moduius of Elaticiy—Select the
appropriate cherd moduhes stram ranze from Table 3. Caloolate
the tensile chord modulus of elasticity from the stress-stam
datasing Eq O, T data is not available at the exact simin range
end points fas often occurs with digiml dag), wse the closest
avnilabls daty point Feport the tensile chord moduius of
elasticity fo threa significant fisures. Also report the stram
range used in the calculadon A graphical exapmple of chord
madnlus iz shown in Fig 3.

123.1.1 The tabulated strain ranges should only be used for
maferials that do pot exhibit a transition region (2 sizmificant
change in the slope of the swess-sirain curve) within fhe Ziven
strain ranpe If 3 mansition regon occurs within the racom-
mended strain range, then 3 more suitable stran range shall be
used and repartsd

gt — A i )

where-

= tencile chord moduls of elasticity, GPa [psi);

Ao = difference i applied tencile stress between the

two smain points of Table 3, MPz [psi]. and

Ae = differsnce between the rwo strain points of Table
3 (pominalty 0.002).

1231 Temsile Moduius of Elacticity (Other Degnitions)—
Other definitions of elastic moduluys may be evaluated and
reportad at the user’s discretion. If such dam is zenerated and
reported, report also the definition used. the swain rangze used



: i
) ffﬁ |
Il '."
'%? A
| | |
| l '
| .‘ !.II| ‘ri A
’ i 'I § .‘l
'I f- ' J
i rfr | '[ | 1|
il ¥
8] AT LAY 110 1]
7 0
)|
I | I
l '| '
| i
W |.‘-
i I
U FeT ||
L Aoy 1] LU TH]] N bl
Pl Clonnaier sum! ha Tl (Zharatine
[Fales Tape Tujie (I_“_ : ]n'ﬂ:—-‘l}'},:"; L ks l f‘g‘:l] n_!_hn_‘v‘;ym |
T — P & ‘ 1
| Tl sty & l IW frens gelpiedd W |ll!t i
sl b : G 4 | R #
I ;ﬁn;-t'avnn}- Wiz M‘l'i:m- alids b '-:i:’l.- ]
lrrw Spltuim, LT v Vo L)
b ll}hll""l ’ F - T il 1 "::.v:-u |
‘_u'l:ip- g b e i
Fi3. 4 Tenclle Tegt Fallure Codec/Typioal Modes
and the results to three sigmificant Szures. Test Method E 111
B ]

provides additional suidanca in the determination of modubas
of elasnrty.

Nows 10—An sxangple of ascther modulus defimition is e secondery
stent-srain bebndor. An sxsmple of secondary cheed modulns is shown
mFig &

124 Poizson's Ratio:

Mows 1i—If bonded rosistance sirain gages 2 being used the aror
peoduced by the Tensverse semaihity affect on the wamsvae mpae will
g-:.llyhm:hl#hnm than for memls An acomm
mexumeset of Pomeon’s Tatio camcton for this affect The
oD pge memdctrer should bo contacted for information on the wse
of comrection factars for tmonars ity

124.1 Poizzon’s Rarip By Chord Method—Select the ap-
3 Determine (by ploting or otherwise) the mansverse stam
{measurad perpendirular fo the applisd load), «,, at each of the
wo Jongzmadinal smains (measured parallel to the applied load),
«,, Sirain range end poims. IF data is oot avaclable at the exact
smain range end points (as often ocours with digital data), use

77
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the closest avaiable data pomt. Caloulate Poisson’s ratio by Eq
10 and report to three siFnificant fimmes. Also repor the smain
range used

v = el {1

Poisson’s ratio;

diference m lateral sraim between the o fonems-
dinal swain paints of Table 3. pe. and

Ae, = diference berwesn the mo SIrain podnts
of Table 3 (nopunally esther 0.001, 0.002, or 0.003).

v

whers
Ae, =

1242 Temsile Poizion's Rato (Other Dgfinitions)—Ocher
defimitions of Poisson’s oo may be evahiated and reperted at
the usar's direcden If such data &5 zenerared and repomsd.
report alzo the definifion used, the stain range wsed and the
resulis to three sizmficant Szares. Test Method E 132 prowvides
addigonal mudance in the determmation of Poisson’s miio.

115 Thamsidon Stram—Where applicable. detemmine the
imnsiion stmin fom efther the bilinsar lomsadinal swess
versas lonzirmdinal smain corve of the hilinsar trnsverse smin
versos longifading] sram omve Create a best linear &t or chord
Ime for aach of the rwo linear rezsons and extend tha lnes unl
they meersecr. Determume o thres sipnificant digs the longi-
madmal swain that comespends fo the infersecuon point and
rzcopd this walne as the mansidon s@ain Beport 2lsa the
method of near fir (if usad) and he s anges over which
the linear fit or chord Dnes were deternmmed A graphscal
example of man:mon stain is shown @ Fig. 5.

12§ Srarzticz—For each series of tests caloalars the aver-
age vahe standard deviation and coeffcient of vamaton (n
percent] for each property determined:

¥ = |E £ v {11}
B |

PN T B az
CF=10xs5 /% |:15:|
where
T = sample mean (average)
5, = sample standard dewviation;
v o= coefiicient of vararnon in percent;
n = mdm;m
' = mepsured or derved property.
13 Report

131 Repom the following mnformation, of references point-
ing 1o other docmmentation confaining thes information. to the
maximum extent applicable (reporting of iems beyond the
control of 3 given testing labomtory, such as muzht ecour with
maifersal details or panel fabrication paramsiers, shall be the
respomsibdity of the requestor):

1311 The revision level or date of issue of this test method

13.1.2 The dateiz) and loratson{s) of the test

153.1.3 The oeme(s) of the iesi opemborn(s).

78

1314 Any varatons o this test method anomaliss noticed

lslimm&@mmmm
rial specification, material fyps, materal mararfac-
Turer, marnefaciures's lot or baich pomber, source (if oot from
moamifaciurer), date of certification expiration of certification,
filament diameter, tow of yarm flament count and twist, sidng,
Torm or weave, fiber arsal weight. mamix [ype. prepreg maim:
cantent, and prepreg voladles content.

13 1.6 Description of the fabrication steps used to prepare
the lamvinate including: fabrication start date, fabrication end
date, process specification, cure cvcle, consolidation mathed,
and 2 description of the eguipment used.

13 1.7 Py crentation stacking sequence of the lapunate

1318 If requested report demsity. volume percent rem-
forcement, and void content test methods, specimen sampling
method and peomemiss, test parametsrs, and test results.

1310 Aweraze ply thickness of the material.

13 1.10 Fesults of any nondestmactive evaluation tests,

13011 Method of prepaning the fest specamen, mckhding
specimen labeling scheme and methed specimen peometry,
sappling mathod. coupon auEtns method, dMentficanon of @b
EBMETTY, ﬂ:mnﬂnb adhesive used.

13112 Calitwation dates and methnds for all measarement
and test equipment.

13113 Type of test machina, prips. jaws, grip pressure,
alisnmeni pesuits, and data acgmsition sampling mie and

SUICIRENT D8,

13112 Results of systam alienment evaluations, if any
such were done.

13 115 Dimensions of each test specimsn.

13.1.15 Copditdoning parsmeters and results, use of mavel-
er; and maveler peometry, and the procedure wsed if other than
that spacifisd in the test mathod.

133,17 Relative hupudicy and t=mperature of the testng
Iabaratary.

13118 Epvisopmeni of the test machine eoviroomemial
chamber (if used) and soak fime At enVIroMmMent.

13119 Number of specimens tested

13120 Speed of testing.

13121 Trensducer placement on the specimen and frans-
ducer type for each transducer used.

13122 If siraim pages were used the typa. resistance, size,
zage factor, temperatms compensadon mesthod transwverse
sensifivity, lead-wire resistance and any comecton foiors
usad

13123 Soess-smauin ouves and fabmisted dam of swess

13124 Percent bending results for exch specimen 50 evai-
afad.

13125 Individual strengrhs and averape value, standard
deviation. and coeficent of vanabon (m percent) for the
population Note if the faihare load was less than the maximam
load before Gilure.

131.25 Individual strains at fathme and the average valas,
standard desdation. and coeficient of varation (in percent) for
the population
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131.27 Stam range used for chord modunhss and Podsson’s
ratw defeEminabion

13118 If another definition of moduias of elasticity is used
in addstion to chord modnis desevibe the method used the
resuling comelation coefScient (if applicable), and the stain
rangzz used for the evaluation

151.29 Individual vaiues of modufus of elastcity, and the
averaze value, standard deviation, and coeffictent of variation
(in percent) for the i

1531.30 I apother definsion of Poisson’s mio is used m
addition 1w the chordwize definition, describe the method nsed
the resultinz comelation coefficien: (Bf applicablz), and the
strin range usad for the evaluation.

151.3] Indivicnal vakaes of Poisson’'s o, and the average
vaie, sandard dewiation, and coefficient of wamaton (m
percent) for the i

13132 If tansifion smain iz dstermuned the meshod of
Imear &t (if used) and the strain Tanzes over wich the hosar fit
or chard lines were determined.

131.33 Individoal vahues of frapsition strain (I applicable],
and the averaze valus, sfandard deviation and coefficient of
varation (v percant) for the population

153134 Failure mode and location of failure for each
specimen
14. Precision and Bias

121 Precizign:

1411 The precsson and bias of tension test smength and
moduins measurements depend on sirct adherence fo the Test
Method D 30390 303%M and are infiuenced by mechanical
and matenial factors, specimen prepatamon and measurement
SITOrE.

1412 Mechana] factors thet ‘can affect the test reaabs
inchade: the physical characiémzncs” of the testne machine
(stiffness, dampenz. and mass). acomacy of loading and
displacement stzin measwrement, speed of loading, alizmment
of test specimen with applied load paraliebism of the gnps,
erip pressure, and fype of load condrod (displacement, srain. of
load).

1213 Matenia) factars that can affect test resalts meiuds:
matersal qualsy and repressntativensss, samplng scheme and
sperimen preparation (dimensional acomacy, fab matersl tab
toper, tab adhesive, and sa forth).

1414 The mean tensile soength for a siram rate sensitive,
Ei335 epOTY WP COmpOsitE festing in the Gber direcoon was
foumd to increase by i v two standard deviations
with decreasing tme to fahore tested af the lmits of the
recommendsd tme o fuilure prescribed in Test Method
D 3036 30306 This result soggest thet caufion pmst be
usad when comparing test data obtamed for strain rare sensitve
composite materials tested in accordance with this standard

12 1.5 Measurement emers arise Tom the use of specialized
meanming ipsmuments sach as load cells, extensomaters and
ITAn FAEss, micrometers. dalm acquisition devices, and so
forh

1216 Dan obmined fom spercimens that fachae ourside
the zage are shoald be wsed with caution as this data may not
e represeptanye of the material. Failure in ths zrp region
indicates the stress concentrafion at the tab &5 Zmeater than the
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natural srensth varianon of the material in the Zage sacion. A
tapered tab, bonded with a ductile low-moduius adhesive has a
relafively low-sress comcendrafon and showld resali in the
lowest frequency of prip fathare: Low-smensth bias mereases
with the frequency of grip faifures by an amount proportional
te the stress concentration af the b,

1417 Ap inferlaboratory test program was cooductsd
where an avermge of five specimens sach, of six differemt
maErals and by-ap configmatons, were tesied by nme
djﬂrmhbmmWMMIiimhﬂmpmmmm
generated from this shady as defined in Practice E 691 for
tensile srength, modufus, and faikare soaim ALl data except
that for Material B (90° lay-up) was normalized with respact 1o
an awverage thackmess. The matemals listed in Table 13 are
defined as:

P55 |4 et
DA-ET501 -6 medupe (90
DAL 0 s cre-tape (W0
(lamsiepony fabms (7761

gl ibm B 737 Fpoy -

wurp abygned
i Cartwondepmy falese (65108

carben/Cite B G318

nHme

TAELE 4 Preciclon Fabeiios

Wi kil x Wx &, G S5 Sl %
Earmn g,
A 280 Lm0 S0Es i2m 513 anm
B Ak} oK nas () i 10 Es
c 158 37 ipd J08& 1588 i B
E BATE 520 15 148 =50 L& ]
a w1a2 154 1 i b b i< |
oS, Msi
a HET of. 3 0 ES (] i 188
B 358 puks - s i 212 457
G ¥ ay a7 Caa 2= R
F 205 fulli - il coa 181 134
a aay 01 o [ 1] 129 T8
Fasisre Sowet,. %
A 13 OpE D a0 &b 815
B (- i p s o 1247 A
c tx ona (1N ] G £ =37
F 204 1% N 18 318 K]
a 127 ans (1N 3 [HE ] 7.+ 413

1418 The averages of the coeficients of vanabon are m
Tahle 5. The values of 5. ¥ and 5 .Y repressnt the repeatabiliny

amd the reproducibility coeficients of vanaton, respectively.
These averages permit a relative companson of te repeatabil-
ity (within isboratory precision) and reproducibility (betwesn
labaratary precision) of the fension text parameters. Owverall,
thiz indicates that the filure stmin measurements exhibit the
leazt repeatability and regroducibdlity of all the paramessrs
mezsured while moduins was found to provids the highest
repeatability and reproductbility of the parameters maazmed

! sal Har 2 af I Muierals—Fhaor | Hesoors-
Som ol RETH T SirsT) S0 e 130 “’“"-5 Firml Rapori, ASTM Imtitaic for
Sixnddarts Roworch, Apeil 1957
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Designation: D 792 - 08

Standard Test Methods for

Density and Specific Gravity (Relative Density) of Plastics

by Displacement

This standand 15 isued under the fixed desigmtion [} T42; the number wmeediaiely following he deapation indicaies e yeor of
ariginal adopiion or, @ the case af revesos, the year af Yast revison. A samber in parentheses indicaies the yeur of last respproval. A
supersript epsilon («) indicotes an editonal chanpe since the (2= revision or repproval.

L. Scope*

1.1 These fesi methods describe the determination of the
specific gravity (relative density) and density of solid plastics
in forms such as sheets; nods, tubes. or molded ilems.

1.2 Two test methods are described:

1.2.1 Test Methiod A—¥For testing solid plastics in water, and

1.2.2 Test Method B—For testing solid plastics in liguids
other than water,

1.3 The values dated in SI omifs are to te regarded as the
standard.

1.4 This standard does mot purport o oddress all of the
safety concerns, I any) ossoviated -with s use. I 05 the
respimsibility of the user of this siapdard o establish appro-
priate safety and kealih practices and determine the upplica-
Bility of repulatory Timidations prior (o ke

Mo 1—This siandard is pol cgoivals o 150 TTR1-1 Method A This

test method provides ‘mone gidelioes an somple seight and dimcosion.
150 17831 allows testing o an additional tempertone of 27 =+ I

L Referenced Documents

2.1 ASTM Siandands:

D61E Practive for Conditioning Plastics for Testing

D &3] Test Methods for Specific Gravily, Apparemt, of
Liguid Indusirial Chemicals

D 4968 Guide for Annpal Review of Test Methods and
Specifications for Plastics

D 6436 Guide for Repoding Properties for Plastics and
Thermoplastic Elastomers

* These sl meshads e osder the jurmdction of ASTM Comsstiee ) oo
TMasiscs wnd ane the deect wsponsibility of Subcommuitee DELT0 on Azsbytical
Methods (Sectas [0, W00,

Curest séion spproved June 15, 2008 Published July 08, Orgasally
aproved = 1941 Lasi peevicus edition appemved m 200 25 [ 792 - 00

* For refeaced ASTM mandards, vis2 the ASTM wehsile, wew.samong, o
canact ARTM Cesiomer Service al service@zamorg. For Al Sook of ATTHW
Standards volume isformagion, refer i the sandand’s Donssent Summary map= on
dhe ASTM wehsie,
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E | Specification for ASTM Liguid-in-Glass Thermometers

E 12 Terminology Relating o Density and Specific Gravity

of Solids, Liguids, and Gases®

E 691 Practice for Conducting an Inledabomatory Study to

Determine the Precision of a Test Method

IEFE/ASTM S1-10) Practice for Use of the International

System of Units (1) (the Modemized Melric System |
3. Terminology

31 Gemernl—The units. symbols. and abbreviations used in
these test methods are in accordience with TEEE/ASTM 51-10.

3.2 Definitions:

320 specific gravity (relative densify )—the ratio of the
mass of .a given volume of the impermeable podion of the
material at 23°C 1o the mass of an equal volume of pas-free
distillad-or de-mineralized water al the same lemperature; the
form of expression. shall be:

Specific gravity (rolative density) 23230
{or sp 2r 13723°C)

Nome 2—This defimilion is csentially oquivalent o the definilian for
dpparenl specific gravity and apparcnl density i Termisalogy E 12,
becawse ihe small perooniage differonce introduced by not comecting for
the huoyancy of air is insigribcant for mis parposes.

322 density—cuobic metre of impermesable portion of the
material sl 23°C. The form of expression shall be:

1™, kgim’ (Notes 1-4)

Nore 3—The 51 unit of dmml}' defing] in [EFEASTM 8110, is
kgim®. To coaver! density in gleen o density in kg/m”®, multiply by 1000,

Nore 4—To convert specific gravity 2323°C o density 23°C, kg*m’.
use the following cquation:

D g/’ = sp gr THIVC ¥ 9975

Where 9975 kg/m” is the demsity of water at 23°C
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4. Summary of Test Method

4.1 Deiermine the mass of o specimen of the solid plastic in
air. It is them immersed in o liguid, ils apparent mass upon
immersiaon is determined, amd §s specific grvity (relative
density) caloulated.

5. Significonce and Use

5.1 The specihc gruvity or density of a solid is a propernty
that is conveniently measured to identify a material, o follow
physical chamges in 1 sumple, io indicate degree of aniformity
among different sampling units or specimens, or o indicate the
nversge density of 2 large ilem.

52 Changes in density of a single matedal av dee o
localized diffcremces in crystallmity, loss of plasticioer, absorp-
tion of solvent, ar o other canses. It is possible that portions of
a sample differ in density because of their differences in
crystallinity, thermal history., perosity, and composition | ypes
or proportions of resin, plasticizer, pigment, or filler).

53 Density is nsefol for calcalating strength-weesght and
cost-weight mbios.

fi. Sampling

4.0 The samplimg wniis wsed for the determination of spe-
cific gravity irclative demsity) shall be represcnctive of the

A.1.1 Ifit is known or suspecied that the sampie comsists of
two or more layers or sections havieg differemt specific
gravities, either complete Bnished parts or comipleie, cross
sections of the parts or shapes shali-be used as the specimens,
or scpamie spacimens shall be mken and tested from each
layer. The specific prayity (relstive density) of the ol past
shall not be chisined by adding ‘the specific gravity of the
layers, unless relative percemtiges of the lavers ame tnken inio
Booount

7. Conditioning

7.1 Conditioning—Coendiion the test specimens at
25 £ 27Cand 50 £ 5% relative humidity for mot bess than 40
h prior o test in accondamce with Procedure A of Practice
[} 6B, unless otherwise specified by the contrect or relevant
material specifications. In cases of disagreement, the tolerances
shall be +17°C and =2 % relative hamidity.

T2 Test Conditioms—Comdoct tests in the standand Inhora-
tory atmosphere of 23 = I°C and 50 + 5 % melative humidity,
unless otherwise specified m this specification or by the
contract or relevant material specification. In cases of disagroo-
mient, the inlemeces shall be * 17C and =2 % relstive hamid-
ity.

TEST METHOD A FOR TESTING S0LID PLASTICS
IN WATER (SPECIMENS | TO 50 g)

B. Scope

8.1 This tcxt method invelves weighing a one-piece spect-
meen of 1 o 50 g in water. using o sinker with plastics that ans
lighter than water. This wst methed is suitable for plastics that
ore wel by, bt otherwise pot affected by wader
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9. Apparasies

9.1 Asclytical Raloncse—aA balance with a precismon of 0.1
mg or betier is required for materials having densities kess than
1.00 gicm” and sample weights less than 10 grams. For all
other materials and sample weights, o balance with precision of
I mg or betler is acceptable (soe Mot 5 ), The halance shall be
equipped with a siaionary suppont for the immersion vessel
ahove the balamoe panm (“pan stracdle’™).

Mom 5 The balance shall provide e precmion thel all ek
iestine] have threr sgmificest figeees on density. In case et materisls wals
chifferent dersies are e om one single halence, nse the balunce: that
provides @l Jems three significant figeees for all saleriak concerned.

Mom 6 To s that the balance meets e performance requine-
ments, check on 2o point and sensitivity freguendy snd perform pesindic
audibration.

9.2 Sampile Holder, comosion-resisiant (for example, wire
gembodder, etc.).

9.3 Simker—A sinker for use with specimens of plastics that
have specific grmvities bess than 100, The sinker shall: () be
comosion-resistant; (2) hoave o specific gravity of not less than
TIE () have smooth surfaces and a rogular shape: and () be
sinker shall bave an opening to facilitate aftechment o the
specimen ond sample holder.

5.4 Immersion Vessel—A beaker or other wide-mounthad
wessel for bolding the water and immersed specimen.

4.5 Thermomefer—A thermometer readable o 0I°C or
betier.

H. Materials
0.1 Wizfer—The water shall be substantially afr-free and
distilled | or-de-mingmlized waler.

Mo T Az in water can be removed by beding and cooling the waler,
o by shating the wwier sndeg vacuoum @ 3 heavy-walled vocoss Sask
fWermima L e gloves oot shoelding ) If the water does not wet the
specamen, add w few dops of 3 welling agent inio the weter, 17 ks
sofwion does sol wet e pecimes, Method B shall be ssed

1L Test Specimen

11.1 The test specimen shall be o sSngle plece of material
mﬂsanunui:hp&smhbleﬁuﬂumglg:m
provided that its voleme shall be not less than 1 o™ and
surface and edges shall be made smooth. Tltthl.r:hmnt'dm
specimen shall be at least | mm for each 1 g of weight. A
specimen weighing | to 5 g was found o be convenient. but
specimens ap o approximately 50 g are also acceptable (see
Mole ). Care shall be taken in cutling specimens o svoad
changes in demsity resubting from compressive stresses or
frictional heatimg,

Mo & Specifications for cermin pletics equire a particelar method
ol specimen preparativn and shoukd be consalisd il applicable.

112 The specimen shall be free from cil. greass. and other
foreign mntter:

1L, Procedure
12.1 Measure and recond the water tempenatune.
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122 Weigh the specimen in air. Weigh io the mearest L] mg
for specimens of mass | to 10 g and density Jess than 100
glom’. Weigh o the nearest | mg for other specimens.

123 If mecessary, attach in the balamce a piece of fine wine
sufficiently long to reach from the hook sbove the pan o the
suppori for the mmmersion vessel. In thiz case oitach the
specimen i e wire such that it is suspended about 25 mm
nbove the vessel support.

Memu 01 3 wire = used weigh e specimen in sir aBer benging from
the wee Im this cese, mcond the mass of the speomes, g = (mass of
specimen + wire, in air - (mass of wire in mri.

12.4 Moant the immersion vessel on the sapport, and
completely immerse the suspended specimen (and sinkers, of
mseed) im waler (zee 10L1) at a iemperstee of 23 + 3°C_ The
vesse] must pot louch sample holder or specimen. Remove any
bubbles adhering to the specimen. sample holder, or sinker, by
rubbing them with a wire. Fay particalar atiention o holes in
the specimen amid sinker. If ihe bubbles mre pot removed by this
method or if bubbles are continuously formed (as from
dizsnlved gases). the nse of vacuum is recommended (see Mofe
1), Determine the mass’ of the saspended specimen o the
required precision isse 123} (ses Motz 111 Recond this
upparent miass 25 & {ihe mass of the specimen, sinber. i esed,
and ihe pariially immersed wire in Bquid). Unless othcraise
specified, weigh mpidly in order o mmimize absorption of
w&rbydm:pu‘i_

M 10—Some ﬂgmﬂnhduxw;ﬂ.
or imegulanties which nfmlq:rl:ﬁﬂ:wﬂ'm-ylﬂbﬂlt
density valees obimined. Tn such mses, ihe immensd specimen may be
subjecied 40 vecuum in o separale vess) ol svolation of bobhies b
substantiafly crased before wephang (see Test Metbod B). It must ok be
demonstrated that the use of this tschsigue L o resuilts of the raquired
degmee of precision.

Mo II-—IIm;fhenmu‘yhldungedumyd}mmuf
the halunce: i 1veronme the damping effect of e mmensd speomen

125 Weigh the sampie hobder {and sinker. if wsed ) in warer
with immersion 1o the same deplh 2« used i the previcns step
(Motes 12 and [5). Recornd this weight us w {mass of the sample
halder in Fguid).

M 12— 2 ware 5 esed @ = comvemenl 10 mark 1B level of
immession by means of o shallow mich filed in e wire. The finer be
wwe, e greaisr the iolemnoe = permated in adjusiing the level of
immession hetwern weiphings. With wise Awp No. 36 or finer, disregard
itz degrees of smmercon sl if oo sinker &= wsad, use L5 mass of the wie
i gir msw

Mo 131 the wine is msed and is lefl sitached o the balance arm
during u sevies of determinations, desermune e muss g with the aid of &

tare om the other orm of the balinoe or a5 = Note 0. In sech cases, e
mst be tuken thal the change of mess of the wie (for example. from
vagiblz water) betwesn resdings does not evcesd the degined precision
1245 Repeat the procedure for the requirsd number of
specimens. Two specimens per sample are recommended
Determine scceptability of number of replicate st specimens
by comparing results with precision data given in Tables | and
2 Use additional specimens if desired.
13. Calculation
13.1 Calculate the specific gravity of the plastic as follows:
AT =-ala+w—18

wheme:

a = apparcol mass of specimen. without wire or sinker. in
air.

b = apparest mass of spocimen (nnd of simker, if o=ed)
completely immersed and of the wire partiafly wm-
mersed i liquid, and

= apparcmt mass of wally immersed sinker (if uvsed) and
of partiafly immersed wire.
132 Calculae ibe density of the plastic as follows:
I ki’ = sp g 33T = TS
133 _H ibe temperatume of the water is different than 23°C,
use the density of water listed in Table 1 directly, or use the
following cquations i cakulae the density of water 31 testing
IEmpcrmtre:

M = ATy n
INounvensos to 7350} kp/m’
=5p aF 100 1S = 41, - 23)x M) LFd]
and
s gt TUI¥= [ fooinvierson o 2CHNT S (k1]

v oo

M= slope;

AN = difference between the lowest and highest lempern-
mre inlerunce for the standard density of waler (I3 G
N*C—D @ 25°Ch

Asr = difference between the highest and lowesl lempers-
fure nlerance recommended, (217C-257C),

i, = wempermmre of s and

t, = temperuture of wober

14. Repart

14.1 Repont the following information:

TABLE 1 Tost Mathod A Spocific Grovity Tasted in Watar

W WMaan & S = a
Foyprogpans 00007 DD0tE .07 D.O0EES DOms
Caluioss Acetmis Bryrato 11673 D e Q0030 00T 0.008E0
Pugpm ZaMea 11708 000540 000738 0428 oneE

13t5% 00027 L.00313 DO0TET DO T
Puw Chiores 1.3306 000343 LO0EIE 000635 n.010e7

‘s,-mwmnmun Individun) menarial B i cbtained by pooling ha wihin-sbomiony smndent coviaions of o osT msuls rom ol of iho

-/ mmmmumﬂmﬂs‘:’p &
n= r

€ r= articsl infanval balwean hwo les! asis -2 8 « 5,
na:mmmmmum:ux&
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¥ whara 5, i the standand dewialion of sbormiony means
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TABLE 2 Test Mathod B Specific Grawity Tested in Liquids Other Than Water

Wagral Mdear = 5.F = R

g&w: D90F3 000tEg 000298 DOC3eE D 006ED
s 000609 con1es QO0G0E DDOE4E
0T nooize G001 DI0ssE Q00E2

Thammosad 13850 D0 sE0 QOOAT QOGS 0060

‘SJ:HWWMINNMM E 5 abdninad by pooiing ha withindaboraiory smndand cavinSons of o lost resuls from 28 of tha

* 5, = BTG SI0TENGS pICUTby, wnmmﬁ]’p:pm“ms & e sndIn] dovistion of ishorsiony means.

= r=within-mborslory orticdl imana! balween two tesf esis =28 = &,
# R = batwaen-Soomiorios crilcel imenval batwean W 1esf rasuts = .?..E-E_..

TABLE 2 Seandard Dorsity of Watar®

C p=fig o=

on o 02 03 0& 08 or 08 08
21 DT K48 orad 13 e aar aE=2 BE3D B4DE EEZ Tas?
= T T30 =0 TIE s -] =2 B351 BNna 533 E648
F GT 5482 5iT4 4008 4537 4528 4215 33 Iran EE =4
o4 IGT 2004 aray 245 2350 m0a T4 147 1244 el s
= D37 0480 goas” wr a7t oes" Boag” Beez” e BrE"

“A0ened hom CAC Heretbook of Cogeelstry 2o Fhpscs, TR adition, 19071808

*The kadng Sours decroasos by f.

14.1.1 Complete. identification of theomaterial or product
bested, including method of specimen preparnbon and comdi-
tinning,

14.1.2 Average specific gmvity (relative density) for all
specimens from 2 ssmpling il comectod o 23.07C (Takle 3)
are reported axosp gr 2REIC= T voronverage  demsity
reparted as D 20 kgl

Mom 14— Tteporang density @ pfom = sl anceptabis provaded the
il is agreed upon by e uses,

1413 A measue of the degree of variagion of specific
gravity or density within the sampling umit such 25 the stumdacd
deviation and namber of deerminations or 2 homogeneous
mnterial or the overzges plas these measares of dispersos on
different layers of ancas of o poshomogeneous prodect

14.1.4 Repori the lempermture of the waler

14.1.5 Repont the density and specific gravity with ihnee
sigmificant figures.

14.1.6 Any evidenoe of pomsity of the material or speci-
men,

14.1.7 The method of fest (that is, Method A of Test Method
D 792}, and

14.1.8 Dale of test.

15, Precision and Biss
151 See Sectiom 13.
TEST METHOD B FOR TESTING SOLID PLASTICS

IN LIQUIDS OTHER THAN WATER (SPECIMENS 1
TO 50 g

I6. Scope

16.1 Test Method B uses a liguid other than water for lesting
one-picoe specimens, | o 50 g, of plastics that are affected by
wader or aro lighter than water.
IT. Apparodus

17.1 The spparatms shall inclade the balance, wire, and
immersion vesscl of Soction 3, and. optionally. the following:

84

172 Pycmometer with Thermometer—A 25-ml. specific
gravity bottle with (hermometer, or

173 Pyemometer—A pyonomeiter of the Weld type, prefer-
abiy with a capacity of shout 15 ml. and an external cap over
e stopper.

174 Thermometer—A thermometer having ten divisions
per degree Celsm= over a tempersione range of not less than
5°C or WFF shove and below the standand iwmperalore, and
havimg an ice point fw calibmtion. A thermometer shon
enough o he handled inside the balamce case will be found
comvenient, ASTM Thermameter 230 (see Specification E 1)
and. Anschifte- type thermiometers have been found satisfactory
e this piurpose.

1.5/ Constar Tempermtire Rothi—An appropriste constant-
emperatune bath adjusied o mointain @ femperstare of
BAlC

18, Moterinds

18.1 immersion Liguid—The liquid esed shall nol disscive,
saell, or otherwise affect the specimen, but shall wet it and
shall have a specific gravity less than that of the specimen. In
addition. the immersion liquid shall be non-hygroscopic. has a
low vapor pressure, o low viscosity, and 2 high flash point, and
shall leave little or no waxy or lry residue on evaporation. A
narrow cut distilled from kerosine meets these requirements for
muny plastics. The specific gravity 2323"C of the mmmersion
liepmid shall be determined shortly before and afier sach use in
this method o a precision of at least 3.0 & nelative, unless it
has been established experimentally in the particular applice-
tion that o lesser frequency of determination elso provides the
desired precision.

Mome 15— For the determizssion of the specific gravity of de liged, the
e of 3 sandard of known volume or of Method A, C, or D of

Tes Methods D3R, wmung fe modifictions reguired It grve specific
mﬁfﬂf:mﬂdqﬂcﬁcmnqﬁﬂw is recomimended. One

sigge=tal procedure s the following:
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SUMMARY OF CHANGES

Commitiee [020 has identified the focation of selected changes to this standard since (e last issue (D 792 - O0)
that may impact the use of this standard. (June 15, 2008)

(1) Deleted references to [ 1595, O Note 1, Noke 6, and (6} Clarified definition of AD and defeted " in equation in
rearranged the order af Notes. 3.3,

(2) Revised Note 1, 130 Statement (7) Chanied significant figures from four to three o hamo-
{i: é;"“‘-’d o Df‘fﬁ '”_R";"T‘; Perpliliee L i il Cuide D635 n 1415,

(4) Re-defined specific gravity in by changing “omit volome™ : ‘

o “given volume.” Removed “equal density of S Nwh y T -
{5) Changed accuracy requirement for balance and hermom- (%) Editorial changes, including the removal of permissive
elerin 9.1, 95, and |22 languages from the text.

ASTM Inrnmbonal ko no i ot tha vl 2y of any ‘et fghls sanat n a1 et 21y b meninad
in B standied L o 1 SECTLS o oA i thaf B i i ety oy it righl are the ik
of nirgamantal aeh sghk, 2% iy ek awn sl

ThE S IEsibie (o o f 'y (e by e respanshio far el commiion 2 MU0 MG 910y 6 s 2
1ol wited dha rnpeowE orediER AN DU DT 9 NV RS aha I eson 0 hE Snar 7 br o nd anare
2 s be maesed 1 ASTV inaruiand Hemunas Your e il eodve bl e pron ata maetng o e
rEpREbE POTES ARG AN yoU Ry 10 Uy I6g h o Toemas A 70! Roeked 128 hamg you sl
D JOUF VoS Nnwn 1 e A ST Commiiiee on Stindeek 21 tho mies s babk

mmu@mmqmﬂ ingmeibne) 100 B Hyher D, P0G (700, W Cmshoockan, PA 1 MB35,
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