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ABSTRACT.

In this research we have prepared a composite material by using Vegetative Cellulose Fibers
of Cannabis (Cann F) to reinforced a matrix of Unsaturated Polyester (UP) resin. This kind of
fibers is distinguished by good properties such as high tensile strength, low elongation, thermal
resistance and low cost.

The impact strength was tested by using Charpy method for three materials (UP resin),
composite (UP / Cann F) and composite (UP/Glass F).

The results indicated that the fracture energy (Uc) decreased as the notch depth (a) increased

on the sample from (0.7 mm) up to (4.9 mm). However, the fracture energy increased as the
temperature of the composite increased for different temperatures of (0, 35, 50 and 75) °C. It was
noticed that the Material toughness (Gc) has been improved significantly, where in case of the
composite (UP /Cann F), the improvement of (Gc) was from (2.45 kJ/m? ) to (14.5 kJ/m* ) and it
was (17 kJ/m® ) for composite (UP/GF) has been measured at (35) °C. When those composite
materials (UP/Cann F) exposed to humidity for a period of (72 hrs) without immersion, their
properties did not change, hence the effects are not of chemical but of physical nature.
The conclusion, the difference between the toughness of the material (Gc) for the reinforced
composites by Cannabis and E-glass fibers for all temperatures is not large, so this encourage the
development of Cannabis fiber reinforced composites in the future to abundance, and low cost for
industrial investment

Keywords: Composite materials, Unsaturated polyester resin, Fracture toughness,
Cellulose fibers.

1. INTRODUCTION.

Composite materials technology is playing a major role in most industries applications
which developed from the last century, where the engineering properties are determined by the
strength of these materials in high stress resistance and external resistance to the different
conditions of use (such as temperature, humidity and radiation). There is a need for material
which meet the desired properties in the industry such as light weight, corrosion resistance and
available materials with low cost. Since the composite material is prepared from the installation
of two or more materials in order to combine their properties according to intended use, it has
devised several ways to process the link between these materials. Mechanical properties are
developed upon the requested application that needs low plasticity. So, the method of reinforcing
fiber is the most commonly used in the preparation of composite materials, because the tensile
strength and modulus of elasticity greater than that with matrix only , the relation is working to
distribute the load on the fiber [1].

The attention has been focused in recent years to develop the fiber industry where there
were many types and their properties and methods of preparation for the purpose of improving
the mechanical properties and preparation methods of composite materials. But the cost of
manufacturing such fibers are high in developing countries. There are ideas to use some of
natural fibers to strengthen some polymers own a property of good adhesion. From that, the
suggestion of current research is coming to use available local fibers.
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The cellulosed fibers are the largest sources of natural fibers and the most prevalent is
cellulose mainly in installation and in spite of its ability to burn and damage by acids, but rising
the characteristics could be done by attributes some specific technology of alkali treatment, as
well as the advantage of properties hold durable high, which can be increased when it is
submerged in water, and differ from synthetic fibers, low rate elongation [2].

2. THE OBJECTIVE.

The objective of this research is to find an alternative fiber material such as using
Vegetative Cellulose Fibers of Cannabis (Cann F) to reinforce a resin matrix such as (UP) which
should has the same characteristics of the common fibers such as fiber glass. The positive results
will encourage for developing of using this kind of fiber to reinforce resins and create many
composites in the future to abundance, and low cost for industrial investment

3. FRACTURE TOUGHNESS.

Fracture resistance of materials is the important mechanical property, so for the purpose of
preparing a material with good resistance and toughness (durability), a broad understanding of
many variables are needed to limit the spread of the fracture, which leads to breakage.
Fracture mechanism is a separation of material into several parts because of external influence
force with the result from the process separation of these new surfaces. There are several factors
causing that; type of material, nature of stress and strain rate [3],[5].

The fractures types in the polymers materials are either brittle fracture which is fragile and it

happens quickly, without preceded by deformation and depends on the glass Transition

temperature (Tg) as in thermo-set resins. The second type is ductile fracture, which is less

dangerous than the first type because a large amount of work would be paid by plastic

deformation in the area around the edge of the original fracture as in the thermo-plastic polymers.

Fractures are classified generally to: -

e  Microscopic fractures: In this type should include the fraction of the virtual visual material
links atomic and molecular.

e Continuum fractures: In this type material considered as a bulk of material relating to where
the fraction that arises from the microscopic defects and stress is based on the type of stress

and release energy on fractures formed [4].

Griffith created the principles of the mechanism of the linear flexible fracture through the
theory of balance of energy (EBT), in which, he expressed the processes that occur for crack by
the terms of the reversed thermal processes, where the assumed equilibrium resident of crack
through the influence of energy. As well, found that the situation in which more than stress value
of the critical will there would be enough energy to make the groove ahead and called the power
disruption, when the imposition of slitting length (a) in the material thickness (t) leads by (0a) is
then the work (w) disbursed to load external greater than or equal to the change in energy stored
in the material + energy absorbed at the head of slitting:

ow > 0Ue+t0daGce (1)
(Gc) energy absorbed to the slitting unit area (t 0a) and called (Toughness), one of the important
mechanical properties in the material, at the highest value represents the limit the spread of
slitting [5].

Irwin interpreted the technical mechanism of fracture, so he has examined the rate of stresses
near fractures in the material and noted that it is directly proportional to the square root of the
amount (ma), (K) Fracture Toughness and symbolized by the (Kc) at the critical stress and units
(MN/ m *?), it is equal to:-

Kc = (E Ge) 2 )

Where (E) is the modulus of elasticity. [6],[10]
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It is worth noting the geometric shape function (@) value depends on the ratio between the
length of the sample to the its width (S/D), and has a direct relationship with the ratio (a/D)
between the depth of the groove to width the section of the sample, so if S/D=4 then the
geometric shape coefficient (Y) for the sample section:

Y=BD® 3)

(B) is the length of the sample, (D) is width of the sample, and @ = 0.135 (a/D) -0.77, since the
value of the function has a significant effect in the calculation of (Y). [7]

Toughness of resins is affected in general by heat, where at low temperatures under (Tg) resins
are more brittle than it is in the above. In the Polystyrene for example, at different temperatures
(-18) °C to (50) °C, the fracture toughness increase in value of (1.25) to (2.5) (MN / m 3/2) as
temperatures increased. Epoxy resin has low value and it changes little with temperatures
changes because the molecules are connected in Crosslink so crack in the material has not
progress at the head of slitting. [8]

At the temperatures approach the degree of (Tg), the resins have plasticity, where appropriate
lead mobility between the chains to absorb a large part of the energy shock and thus be a high
durability and toughness. But when increasing the temperature above (Tg) of resins generally
leads to progressive deterioration in the cases of the presence or absence of oxygen and gets
degradation in the decay chains rapidly in primary weak points in the chain, branches and link
placements [9].

Interference the moisture (humidity), as an effective factor in decomposition of resins when
they immersed in water for long time, appears through the bonds strength of material. It is
reduces the forces of the link between fractions, it proved by Richard when he immersed a resin
in hot water at a temperature (50 °C for a period of (more than 70 hours). That leads to increase
the diffusion coefficient in the resin which it leads to failure. In the low temperature, humidity it
does not show this effect because the entry of water between the molecules of resin does not
create free radicals. [9],[11]

4. EXPERIMENTAL WORK.
(a) Samples Preparation:

e Materials have been used in this research were:

- Unsaturated Polyester resin (UP), classified as thermo set resin, and has
specifications (semi-transparent, resistant to climatic conditions for long time
and used at temperatures less than 80 °C. Usually (UP) used in many
manufacturing applications such as cars, boats, and several structural parts.

- Hardener substance (MEKP) mixed with resin by ratio 2g to 100g resin.

- Fibers of; Cannabis (Cann), type of cellulosic fibers, and Glass fiber man-made
fiber type (E-glass). Fibers represent the reinforcement material to the resin in
the composites.

e An aluminum die with standard dimensions (B=10mm, D=10mm, S=50mm)
according to ISO 179.

e Three types of samples prepared by powering the mixture into the die mentioned
above and entered into oven less than 55 °C for 6 hours. The samples have been
prepared:

- (UP) resin.
- Composite (UP/Cann.F) with volume fraction (V/=20%)).
- Composite (UP/GF) with volume fraction (V/=20%).
e After 24 hours the samples cleaned and prepared for measuring and test.
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(b) Tests:
- Charpy device for standard impact energy test according to ISO-179 has been used
for measuring required energy (Uc) with unit (kJ) to break sample per area unit for:

e 6 samples of (UP) resin at temperatures (0, 35, 50, and 75) °C with different
grooves (notches) depth (a) between (0.7 to 4.9)mm.

e 6 samples of composite (UP / Cann.F) and 6 samples of composite (UP / GF),
with different notch depth (a) as above.

e Two samples of the composites (UP/Cann) and (UP / GF) with indented notch
depth and temperature of 35 °C where they exposed to the water.

5. RESULTS DISCUSSION.

The impact resistance of materials is known from measuring the required energy to break the
sample under different conditions such as type of material, depth of the notch, temperature and
humidity. In this research found out that (UP) resin, used in this research under impact, has high
degree of sensitivity to being Brittle & Stiff. So, by observing the measurements of the energy
which needed to break are few in general and they are decreasing with increasing the depth of the
notch in the sample as shown in Fig.(1), plotted for different temperatures. The slope in this
figure represents material toughness (Gc), it was noted that it increases with increasing
temperature of samples exposed to the impact due to (UP) resin has type of ductility. The energy
consumed to break the sample was high and the numbers of fractures caused were less because
increasing in temperature leads to relaxation those bonds and grants it a usability of slide motion,
so that (UP) resin chains will have a possibility of absorption part of the energy in the elastic
behavior. The stage of deformation will take place shortly and then brittle break rapidly which
means increasing fracture energy within these stages. In the low-temperature material toughness
(Gc) will decrease because the motion of molecules will hold on and bonds become in tension
case (low resistance) and breaks up quickly when exposed to shock.

The material toughness and its resistance to the impact shock is changing when (UP)
reinforced by fibers, as in the Figs. (2 and 3), where increasing the required energy to the
fracture and
the material toughness. In this case fibers will act as constrains the spread of fractures (Crack
Stoppers) and absorbing the stress shock , there was no separation in the parts of the material as
happened with the resin material without reinforcing note Fig.(6), but there were curved lines
have been appeared by a succession of fractures and shock wave fronts appear to be more
obvious at low temperatures. This characteristic is less with increasing temperature due to the
influence of heat ductility of composite. Regarding to the type of reinforcement, which has effect
on the strength of composite, found that the strength of the composite (UP / Cann.F) was satisfied
and close to some extent of toughness (UP / GF) for the same conditions, note Fig.(3). As well as
in the case the fracture toughness (Kc), note Fig.(4), but this little difference can be minimized in
future by treating Cannabis fiber with substances can make the homogeneity of the matrix with a
higher degree and increase the compactness / density.

When exposing samples of composite materials (used in this research) to moisture (spray) for
72 hours (short period time represents the expected exposing), the impact was very small, but
shows the influence of humidity at the presence of factors that accompanied such as photo-
oxidation of ultraviolet radiation or high temperatures when the composite immersed in hot
water.

6. CONCLUSIONS.
Test of composite materials resistance (UP/Cann F) to the impact shocks is one of the
necessary measurements to the applications where the shocks comes as a result of the
service. The conclusion of this research is summarized:
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1- UP (unsaturated polyester resins) are brittle material since it have high sensitivity to shocks
(thermoset property) with less energy needed to fracture (Uc).

2- Increasing material toughness (Gc) of thermoset resins when reinforced by cellulosic fibers
where it was for (UP) resin about (2.45) kJ/m? at lab temperature (35 °C), however it was
(14.5) kJ/m? for the composite (UP/Cann F). For the purpose of comparison, the toughness of
composite (UP/GF) was amounted to (17.1) kJ/m?.

3- Noted that the difference between the toughness of the material for the reinforced composites
by Cannabis and E-glass fibers for all temperatures is not large, so this indication will
encourage the development of Cannabis fiber reinforced composites in the future to wealth,
and low cost for industrial investment

4- From the modulus of elasticity found that fracture toughness (Kc) has increased for the two
composites than for the resin, it has reached for the resin (2.04) MN/ m*? and for the
composite (UP/Cann F) was (5.27) MN/m*? , and it was close to some extent for the
composite (UP/GF) which was (5.99) MN/m*?. (Kc) and (Gc) are increased frontage of
changing in temperature proportionally as shown in at Figures (4), (5).

5- The effect of moisture on the (UP/Cann F) composite was very few when it immersed for a
period of 72 hours, we have noted that excludes water molecules between the resin molecules
and reinforced fibers at low temperatures, that is one of the properties of resin resistance to
cold solutions.
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NOMENCLATURE.
(UP) Unsaturated Polyester
(Cann F) Cannabis Fiber
(GF) Glass Fiber

(UP/ GF) Unsaturated polyester reinforced by Glass fibers
(UP / CannF) Unsaturated polyester reinforced by Cannibs fibers

(Tg) Glass Transition temperature

(EBT) Energy Balance Theory

(Ge) Material Toughness at the critical stress

(Ke) Fracture Toughness at the critical stress

Y) Geometric shape coefficient for the sample section
(D) Geometric shape function

(MEKP) Methyl Ethel Keton Polymer

(ISO) International Standard Organization

VP Fraction Volume

(Uc) Fracture Energy

Fracture Energy (Uc) VS Geomet. shape Coeff. (Y) for (UP)resinat 4
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Figure (1): Fracture Energy(Uc) VS Geomet. shape Coeff. (Y) for (UP) resin at 4
Temperatures.
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Fracture Energy (Uc) VS Geomet. shape Coeff. (Y) for Composite
(UP/GF) at 4 Temperatures
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Figure (2): Fracture Energy(Uc) VS Geomet. shape Coeff. (Y) for composite (UP/GF) at 4
Temperatures.

Fracture Energy (Uc) VS Geomet. shape Coeff. (Y) for Composite
(UP/CannF) at 4 Temperatures
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Figure (3): Fracture Energy(Uc) VS Geomet. shape Coeff. (Y) for composite (UP/CannF) at 4
Temperatures.
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Fracture Toughness (Kc) VS Temperature for Resin, (UP/CannF) and

(UP/GF) composites
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Figure (4): Fracture Toughness (Kc) VS Temperature for Resin, (UP/CannF) and (UP/GF)
composites.
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Material Toughness (Gc) vs Temp. for Resin and (Up/CannF) & (UP/GF)
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Figure (5): Fracture Toughness (Gc) VS Temperature for Resin, (UP/CannF) and (UP/GF)
composites.
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Figure (6): Photographs of 4 samples of Composites (UP/CannF) Mag. X5 for Charpy test to 4
temperatures.

207 AJES-2012, Vol.5, No.2



Anbar Journal for Engineering Sciences

clags il s Lgailie Lafs (b)) Gl acaall jiad Aol i) (e A4S e Bale sudaad

4 ghllg 3
G daaa A s BV L o daaa 4l e paliaa
SIS al) dwaigl) it A8ty astall aud
a patival) daalall daaglgisal) daalal)

-

Al

Mgall b5 eval Apaal) Lo liall cilindail) 8 Composite Materials S all Jgall ) dalal) 3205 as
Mgall S Ly pias ) Allal) Lpnoigh) Ciliualgal) iy JaliiaY1g 240 (i) Lpaa1 4le 5l lajpmat 6 Al
- (Raska s 5yhall ¢ dedall) Lol Cagyla daglia 3

Resin W saliadl cilasihll e ¢ 53 48 & Cannabis <) g5 e dils Gl aladind 2 Jad) Gl
ladl 3bdly LYY el 5l Eus ¢ Unsaturated Polyester (UP) adiall e jiud Jsllsa Thermosetting
8alal LayLodl s 5o ) ALEN LgaalKy Leijds ALVl Al 5lhall calaal leleaty gillain 318, 25l Ll
(s

oo iy il Gl ac vz ¢ i) Asall e g 153l DA Impact Strength fesall daglie Hlaal &
Ciagli Geall 4dlide Notches jgial L Fracture Energy Sl 48Ua (ulids Charpy 48k ((4als) bl
) b e ] eSU AU ALY ol Laag) 388 ¢ 5(75,50,35,0) Ak e s jals al(4.9-0.7)
4 Wl . Fracture Toughness(Gc) salall atia 2lajs GlAl lais 8)had) dapo 5alj0s Sall Gee Glaiyy 2l (acdll
seadl s mubl cilie Jddde oo Leo 51 labeyy calay) 5usl 4y dUal) ol Cudll Ll bl ae i Alls
Iap L nhall ey waeals € laiey Leiitie Caaly 130 derall dase 43l e S8V eall CALIY) Cugia) Cua
Atie ol Al maly , il Gl ane 55 vie 20/ JsaslS 145 1 2.45 g k)l o(35) Lisall
(Cofdsasls€ 17.1) cal Cum B jlaiey il GG ae 2l w5 Ae (e ST Lualadl GLIVL ae 2all )
vie Ll L Bisia ey AdSa ale LSt Anlagll GLIYI LeShias ) Gllal) R8G5 pall Hlas shadl dags Gudid
skl oY ALY Ll o (Lapee 050 slalls () Aol 72 4c sanala) 8ymad clyidly gl )l S yall salal) (i pas
- Al lealin o (ol ) S 1EL Gaass s LalesS Ay et ae JaxY

gy ablad) GLIY) ¢ el Al ¢ padialld il Ao El ¢ A pa dlpardunil clalsl)

208 AJES-2012, Vol.5, No.2



