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Abstract

In this research, damping proper for composite materials were evaluatesing logarithmic decrement method
study the effect of reinforcements on the dampatip of the epoxy matrixThree stages of composites were prep
in this research. The first stage included pregahbimary blends of epoxy (EP) and different weigktcentages ¢
polysulfide rubber (PSR) (0%, 2.5%, 5%, 7.5% anéo).0t was found that theveight percentage% of polysulfide
was the best percentage, which gittesbest mechanical properties for the blend maffixe advantage of this ble
matrix is that; it mediates between the brittlegadies of epoxy and the flexible properties oflenld matrix withthe
highest percentage of PSR. The second stage irthedlgforcing the best blend matrix of ep-polysulfide (the blend
matrix with the best percentage of polysul resulted from the previous stagéy different volume percentages
short fibers (Carbn& Glass) separately and randomly. The volume greeages of fibers were (2.5%, 5%, 7.5%,
10%). The third stage included reinforcithe blend composites with highest percentages of caanoinglas fiber, by
different weight percentages of naparticles (Red mud& Fly ash) separatefjne weight percentages of particles w
(0.5%, 1%, 1.5%, and 2%). The experimental rs showed that blending polysulfidebbe with epoxy increased the
damping ratio. As for reinforcement materials, tltcreased the damping ratio, where glass fibemposites havi
significantly higher damping ratio than other comipes
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The use of composite materials in m:
structural applicadns due to their high speic

1. Introduction

Damping isan influence within or upon &
oscillatory system that has the effect of reduc
restricting or preventing its oscillations, whi
this system is under cyclic stress. The dam
properties of composites are a function of
adhesion between the filland the matrix. Goo
filler-matrix interaction reduce energy dissipal
via damping. The proportion of damping t
occur in the oscillating system can be expre:
by a factor called damping ratio. The damg
ratio is a measure describing how dissng an
oscillating system after a disturbance, where
oscillating system exhibit oscillatory behav
when it disturbed from its position of sta
equilibrium [1-2].

stiffness and strength has attracted interes
methods for improving the damping performa
of these structures. It has been found that
damping of composites depends on

micromechanical properties of the constitL
materials, which argepresented bythe matrix
material and additivesThe composite dampir
exhibits an opposing trend to stiffness |
flexibility that gained by the addition
reinforcements, being increase with added flex
properties, and decrease with stiff prope.
Thus there is a need to develop integri
mechanics models for the analysis of struct
components which are capable of describing
global structural response by correlating
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damping characteristics of the structural
components to the parameters of the basic
constituent materials (matrix material and
reinforcements) [3-4].

Epoxy resins are belong to the principal
polymer under the term thermosetting resins.
Epoxy resins are widely used as structural
adhesives, matrices in fiber-reinforced
composites, and coatings for metals because of
their excellent properties such as high tensile
strength and modulus, easy processing, good
thermal and chemical resistance, and dimensional
stability [5].

However, like other thermoset resins, the
crosslinking character of cured epoxies produces a
highly undesirable property: they are relatively
brittle, having poor resistance to crack initiation
and growth. This lack of toughness severely
effects the performance of these thermoset in
almost all applications. To address this defect, it
has been used a technology that permits some
thermosets to be toughened by the addition of a
second elastomeric phase, such as atrtificial
rubber. This helped to flexibilize the brittle
thermoset matrix and increase the fracture energy
[6-7].

Improving fracture toughness will lead to
significantly improved performance when used as
is, and will also improve the damage initiation
threshold and long term reliability for fiber
reinforced composites. There are different reactive
liquid elastomers which are used to modify or
toughen epoxy resins [8]. Liquid polysulfide
elastomer is one of the most important reactive
modifiers for epoxy resin. Polysulfide modified
epoxy adhesive systems are widely used in the
construction, electrical and transportation
industries. Since polysulfide is a very flexible
elastomer, addition of liquid polysulfide elastomer
to epoxy resin gives good damping properties,
flexibility and impact strength to epoxy matrix [9-
10]. However, the addition of polysulfide rubber
to modify epoxy systems disrupts the most
desirable properties of epoxy resin. They reduce
the elastic modulus and tensile strength, and the
glass transition temperature (Tg), while improving
damping properties [11].

The weak fracture toughness of many
thermosets frequently limits their application
areas in which they can be used. Considerable
efforts had been made in the past to improve
fracture toughness of polymers through chemical
modification or by incorporation of special
additives such as liquid rubbers, elastomers,
plasticizers, or fibers reinforcing agents. In the
case of thermoset resins, which are normally
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liquid in uncured state, fibers and particles

reinforcements have become an important means
of increasing the strength, modulus and impact
toughness of such resins. Fibers reinforcement
used usually with thermosets as short fibers.
Common types of short fibers are carbon and
glass [12-13].

Composites with particles as reinforcement are
likely to overcome the cost barrier for wide spread
applications in roadway products, automotive, and
small engine applications. Among various types
of particles used, fly ash and red mud are the most
inexpensive and low-density reinforcements
available in large quantities as solid waste.
Particles reinforcement used to improve various
properties of selected matrix materials, including
stiffness, strength and wear resistance and reduce
the density [14-15].

This paper discusses the effects of
combining the benefits of adding polysulfide
rubber and two types of reinforcements (fibers
and particles) to the epoxy matrix and study their
effect on the damping properties of the thermoset
matrix.

2. Experimental Procedure
2.1. Materials

The blend matrix system consists of epoxy
resin and polysulfide rubber. Epoxy is thermoset
resin containing of two or more epoxide group,
which are composed of oxygen atom linked with
two atoms of carbon. Epoxy group linked
chemically with the other molecules to form
three-dimensional cross-linked thermoset
structures. The type of epoxy used in this research
is (Quickmast 105® (DCP)) manufactured by
commercially produce from Quick Mast company
.The hardener from the same company mixed with
the epoxy resin in the ratio of 3:1, and the
interaction between them occurs at room
temperature, the name of this interaction is
(Addition reaction), and epoxy properties are
shown in Table (1). As for polysulfide rubber,
which are a class of chemical compounds
containing chains of sulfur atoms, provided as a
white dough, where it turns into a form of
elasticity by adding PbO(Black dough) in the
ratio of 1:16 with a density ratio (1.35) gm/tm
Polysulfide rubber properties are shown in table
(2). Reinforcement materials must provide two
main advantages, which are: high strength and
low ductility to improve the matrix material. The
most common methods of reinforcement are
reinforcing by fibers and particles. Carbon and
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glass fibers have been used to reinforce the blend Table4,

matrix. It cut to lengths ranging between (10-14
mm) with diameter limits of (10-14m) produced

by (Grace cemfiber company). Table (3) shows
the physical and mechanical properties of carbon
and glass fibers. Nano-particles of red mud and
fly ash were used as a reinforcement material in
this research. Table (4) shows the physical and
mechanical properties of red mud and fly ash
particles.

Table 1,

Physical and mechanical properties of epoxy resin

[16].

Test method Typical
results

Compressive strength (Mpa)(min.)  70.0 at 20
°C

Tensile strength (Mpa)(min.) 30.0 at 35
°C

Flexural strength (Mpa)(min.) 63.0 at 35
°C

Young modulus in compression 16

(Gpa)

Hardness (shore D)(min.) 72

Impact strength (Charpy) KJfm 4.4

Density (g/cm) 1.004

Table 2,

Physical and mechanical properties of polysulfide

rubber [17].

Test method Typical

results

General chemical structure -50 to 95

Service temperature (°C) 1:16

Mixing ratio 1.35

Density (g/cn) 292

Tg (°C) 22 -39

Hardness (Shore A) 126 - 412

Ultimate elongation (%) 0.74 -0.91

Tensile strength (Mpa) -50 to 95

Table 3,
M echanical and physical properties of carbon
and glassfibers[18].

Typical results Fiber
Carbon Glass
Young's modulus 105 13
GPa
Poisson's ratio 0.20 0.22
Tensile strength GPa 2.4 2
Density g/cm 1.8 2.55
Thermal conductivity 76 230
W/m.K
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M echanical and physical properties of red mud
and fly ash particles[19-20].

Typical results Particles

Red mud Fly ash
Young's modulus 30 25
GPa
Density g/cm 3.26 2.4-2.8
Poisson's ratio 0.341 0.45-0.65
Diameter um 0.7-0.9 1.5-2.5

2.2. Moldsand Specimens Preparation

Composites tend to be high-adhesion, so it
should use molds made from materials have
moderate strength and toughness. Glass has been
used in this research to prepare the molds. The
mold prepared with dimensions of (16 x 8 x 1.2)
cnt®, as shown in Figure (1). The mold must be
cleaned and lubricated the inside walls of the
mold with Vaseline and nylon paper (Fabloon) to
prevent the adhesion between the mold and
polymeric material. This will ensure to get regular
distribution, smooth surface, and no defects. The
mixture poured in the mold by Hand lay-up
molding from one side only to eliminate the
entrapment of air. After the solidification process
be completed within 24 hours in the room
temperature, the molded extracted from the mold,
then it cut into a standard specimen dimensions.

Fig. 1. The shape of the mold.

2.3. Composites Preparation

Three stages of composites were prepared in
this research. The first stage included preparing
samples of epoxy resin and different blend
matrices of epoxy-polysulfide. The weight
percentages of polysulfide rubber in the matrix
resin were (0%, 2.5%, 5%, 7.5%, and 10%).The
polymeric blend matrix presented by mixing the
resins of both epoxy and polysulfide rubber
without their hardeners via magnetic stirrer model
(No 690/1) shown in Figure (2), for 3-4 hours
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until it became homogenous. The use of the
magnetic stirrer in the preparation of composites
to reduce the bubbles arise during the mixing
process. Hardeners of epoxy and polysulfide were
added in the mixture of resins. The final mixture
blended for a half hour by manual mixing. After
the mixture became homogeneous enough, it
poured into the mold and it left in room
temperature for completing the solidification.
After the molded cut into standard samples, the
damping test conducted on them using
logarithmic decrement method and integrated
system of devices and software programs. From
the obtained results of the first stage, the best
percentage of polysulfide will be identified. The
second stage included reinforcing the best blend
matrix of epoxy-polysulfide (the blend matrix
with the best percentage of polysulfide from the
previous stage), by different volume percentages
of short fibers (Carbon& Glass) separately and
randomly. The volume percentages of fibers were
(2.5%, 5%, 7.5%, and 10%). Fibers added with
the obtained blend matrix into the mold with good
distribution and mixing. The third stage included
reinforcing blend composites with highest
percentages of carbon and glass from the previous
stage, by different weight percentages of nano-
particles (Red mud& Fly ash) separately. The
weight percentages of particles were (0.5%, 1%,
1.5%, and 2%). Particles mixed with the obtained
blend matrix (the blend matrix with the best
percentage of polysulfide from the first stage),
and then fibers added with this mixture into the
mold. The same practical steps of the first stage
conducted on the second and third stages.

Fig. 2. Magnetic starrier.

2.4. Damping Test

A damping capacity of composites was
determined at a laboratory temperature (22 + 2)
C°, using logarithmic decrement method and
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integrated system of devices and software
programs as shown in Figure (3). The composite
samples (length 145 mm, width 45 mm, thickness
10 mm) were used as cantilever beams. Figure
(4) shows the specimen of the damping test.

Amplifier  Oscilloscope

SIG-VIEW program

Sample and accelerometer

Fig. 3. Damping test setup with assembled sample.

Fig. 4. Damping test specimen.

2.4.1. Damping System Devices
(a) Accelerometer
An accelerometer ia device that measurése
motion response of vibrating system This
apparatus is of typeK(STLER -4371) with
sensitivity 9.8 mV/g as shown in Figure (5).
Accelerometer are extensive used for measuring
vibration, as well to record earthquakes, the
velocity and displacement are obtained by
integration from the record of accelerometer.

Fig. 5. The accelerometer.

(b) Amplifier
The amplifier device that used in this research
is of type Nexus 7749), as shown in Figure (6).
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The amplifier used to increas the power of
signal that receed from the accelerceter, and
then givethe resultant signal to the ital storage
oscilloscope.

Fig. 6. Theamplifier device.
(c) Oscilloscope

The oscilbscope device is a type of elronic
test instrument used for displag the receive
signal from amplifier. The oscilkzope that use
in this researchis of type (GDS-810) with
maximum frequency 100 MH It contains i
screen to display the oscillaj wave tha
received from the amifier as a <gn wave, as
shown in Figure (7).

Fig. 7. The oscilloscope device.

2.4.2. Measurement 6f Damping

There are various methods to measure
damping ratio of an oscillatin sydem, which
depemnling on the response of the system essed
as a function of time or fgaency, and thé
meaning time-respse methods and fruency-
response methods. Thexamples of the me-
response methods are gérithmic decremer
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method, hystestic loop method, and si-response
method, while the examples of the frency-
response methods are Bwidth method and
Magnificationfactor methd.

24.2.1. Logarithmic Decrement Method

This is prolably the most popular tir-
respnse method used to demine damping ratio.
When a singlaelegre~of-freedom oscillatory
system with viscous mping is excited by a
disturtance or impulse input, where its ponse
takes the form of a time day. Figure (8) shows
the logarithmic decraent method The damping
ratio can be estiated from a fre-decay recorded
wave using equations belc

§=mn2 =2
X2

- ..(1)
1-¢
then the damping ratio can be obtained from

equation below:
5

x(t)

Time

Fig. 8. Logarithmic decrement method.

2.4.3. Method of damping test

The specimen watreated asself-supporting
materials with cantilever beam configuration w
sufficient length for fixing the bea The
accelerometefixed in the upper surface of tl
free edge of thepecimer as shown in figure (9).
The specimen were subjected to impulse forc
a test hammer. Impulse testing the dynamic
behavior of mechanical structure includes bee
the test sample withthe force-instrumented
hammer, and measuring the resultant motiol
accelerometer, which is us to measure the
motion responseand then transfer it to tt
amplifier device to increases the power o
signal that received from the accelerometer,
then give the resultant signal to the dig
storage, which displays the received signal f
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amplifier. The oscilloscope has been connected
with a computer by using the serial connection,
which adjusts the signal and convert the
acceleration into displacement information. The
resultant signal from the oscilloscope appears on
the computer by using SIG-VIEW program,
where using logarithmic decrement method to
calculate the damping ratio from the response
signal obtained from SIG-VIEW program.

Fig. 9. The setup of the specimen for damping test.
3. Resultsand Discussion

The results of the three stages that have been
obtained from the damping test will be discussed
and represented in graphic curves in order to
identify the properties of materials.

3.1
blends

Stage |I: Epoxy and epoxy-PSR

The experimental results shown in figure (10)
showed that the damping ratio increased with the
increase of polysulfide percentage. Therefore,
when blending (2.5%, 5%, 7.5%, 10%) of PS
with epoxy caused an increase in damping ratio
about (21.59%, 53.41%, 72.72%, 102.27%) than
epoxy resin value. Due to low mechanical
properties of polysulfide rubber, the addition of
polysulfide with the brittle thermoset matrix
increased the flexibility and improves the
damping properties of the blend matrix. The
resultant blend matrix will be able to dissipate
and absorb the kinetic energy, where this mean
reduction in vibration's amplitude and increase in
damping ratio.
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Fig. 10. Effect of PSR weight fraction on damping
ratio.

3.2. Stagell: Epoxy-PSR blend matrix/
Fibers

The experimental results shown in figurg) (1
showed that, the damping ratio decreased with the
increase of carbon and glass fiber percentage. The
addition of (2.5%, 5%, 7.5%, 10%) of carbon and
glass fibers with (epoxy+5% PSR) blend matrix
decreased the damping ratio by about (-19.25%, -
29.62%, -41.22%, -50.37%) for carbon fibers
composites and (-14.07%, -22.96%, -32.59%, -
39.25%) for glass fibers composites. This is due to
the fact that, the good fibers distribution in len
matrix led to better adhesion between fibers and
the blend matrix, which affect the toughness
increment of composites and resulted in less
sliding between interfaces, and thus leads to
dissipate less energy and decrease damping ratio.
It was also noted that the glass fibers composites
have significantly higher damping ratio than
carbon fibers composites with equivalent volume
fraction of fibers reinforcement.
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Fig. 11. Effect of fibersvolume fraction on damping

Fig. 12. Effect of red mud particles weight fraction

ratio. on damping ratio.
3.3. Stagel11: Epoxy-PSR blend matrix- 0.09 Iy
fibers/ Particles 038 1. —=-Carbon
_ o 2 0.06 o oGl
The experimental results shown in figure®) (1 S 005 >1ass
and (13) showed that, the damping ratio decreased | 2 0.04 ° fiber
with the increase of red mud and fly ash particles g 0.03
percentage. The addition of (0.5%, 1%, 1.5%, 2%) g 002
of red mud particles with (epoxy+ 5% PSR+ 10% 0.01
carbon and glass fibers) decreased the damping 0
ratio by about (-5.97%, -23.88%, -37.31%, - 0 05 1 15 2 25
50.74%) for carbon fiber composites and (-9.75%,
-23.17%, -30.48%, -43.90%) for glass fibers Fly ash particles weight fraction (%)

composites. For fly ash particles, the addition of

(0.5%, 1%, 1.5%, 2%) of fly ash particles with  Fig. 13. Effect fly ash particles weight fraction on
(epoxy+5% PSR + 10% carbon and glass fibers) dampingratio.

decreased the damping ratio by about (-23.86%, -
46.26%, -58.20%, -74.62%) for carbon fiber

composites and (-17.07%,
53.65%) for glass fibers composites. This was due
to the fact that, the good particles distribution i
the blend matrix led to better adhesion between
particles and the blend matrix, which affected the
stiffness increment of composite materials and
resulted in less sliding between interfaces, and th
leads to dissipate less energy and decrease the

damping ratio.

It was also noted that glass fiber compgssit
reinforced with fly ash particles have significantl
higher damping ratios than other composites of this
stage with the equivalent weight fraction of

particles reinforcement.

-31.70%, -50%, - 4. Conclusions

The most important conclusions that have been
reached from this research summarizes as follows:
1- The damping ratio of the blend matrix increased

with the increase of polysulfide percentage,

where the blend matrix with 10% of polysulfide
has significantly higher damping ratio than
other blends.

2- The weight percentage 5% of polysulfide has
been selected as the best percentage, which
gives the best mechanical properties for the
blend matrix. The advantage of this blend
matrix is that; it mediates between the brittle
properties of epoxy and the flexible properties
of a blend matrix with the highest percentage of
PSR.

3- The damping ratio of the blend matrix
decreased with the increase of fibers
percentage. Glass fibers composites have
significantly higher damping ratio than carbon
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fibers composites with equivalent volume
fraction of fibers reinforcement.

4- The damping ratio of the blend composites
decreased with the increase of particles

percentage. Glass fiber composites reinforced

with fly ash particles have significantly higher
damping ratios than other composites with
equivalent weight fraction of particles
reinforcement.

5. References

[1] Singiresu S. Rao,Mechanical Vibration",
Third Edition, Published by Prentice Hall
Press, 1995.

[2] Duco A. Schreuder, "Vision and Visual
Perception”, Archway Publishing, USA,
2014.

[3] Ekhlas E. Kader, "Improving of Mechanical
Properties of Polymeric Nano-composites”,
Ph. D. Thesis, Mechanical Engineering
department, University of Technology,
2014.

[4] Ronald F. Gibson, "Principles of Composite
Material Mechanics", Third Edition,
Published by CRC Press, 2011.

[5] Sabu Thomas, Christophe Sinturel, and Raju
Thomas, "Micro and Nanostructured Epoxy/
Rubber Blends", First Edition, Publisged by
Wiley-VCH, 2014.

[6] Adnan N. Abood, Malia M. Farhan and
Ahmed T. Fadhil, "Mechanical Properties of
Carbon/ Polypropylene Fiber Reinforced
Rubber  Modified Epoxy  System",
Chemistry and Materials Research, Vol.7
No.5, 2015.

[7] Sydney H. Goodman and Hanna Dodiuk-
Kenig, "Handbook of Thermoset Plastics",
Third Edition, Published by William
Andrew, 2013.

[8] Nida, A. Z., "Composite Material, Based on
Polymeric Blends Impact Strength and
Thermal Conductivity", Ph. D. Thesis,
Applied Science, University of Technology,
2006.

[9] Visakh, P.M., Thomas, S., Chandra,
AK., Mathew, A.P.,, "Advances in
Elastomers I: Blends and Interpenetrating
Networks", First Edition, Published by
Springer-Verlag Berlin Heidelberg, 2013.

[10] E. S. Khalaf, S. M. Hassanein and M. K.
Hadhoud, "Investigation of Mechanical
Behavior for a Selected Rubber-Modified

59

Epoxy Adhesive", Aerospace Science &
Aviation Technology, 2009.

[11] Awham M. Hamid, Sabah S. Abd Al Noor
And Balkees M. Dhyaa, "Studying of The
Impact Strength of Rubber- Toughened
Thermosets", Eng. & Tech. Journal, Vol. 27,
No. 1, pp. 203-216, 2009.

[12] Ali 1.Al-Mosawi “Study of some mechanical
properties for polymeric composite material
reinforced by fibers” , Al-Qadessiyah
journal for engineering science, Vol. 2 , No.
1, pp. 14 — 24, 2009.

[13] Orhan S. Abdullah, "A Study of the Effects
of Different Types of Reinforcements on
Mechanical and Structural Properties of a
Polymer Matrix Composite". MSc. Thesis,

Mechanical Engineering department,
University of Technology, 2013.
[14] Manoj Singla and Vikas Chawla,

"Mechanical Properties of Epoxy Resin —
Fly Ash Composite”, Journal of Minerals
and Materials  Characterization and
Engineering, Vol. 9 No. 3, pp. 199-210,
2010.

[15] Park, S. J., Seo, D. I., Nah, C., "Effect of
Acidic Surface Treatment of Red Mud on
Mechanical Interfacial Properties of
Epoxy/Red Mud Nanocomposites"”, Journal
of Colloid and Interface Science Vol.
251, No. 1, pp. 225229, 2002.

[16] Alvey, F. B., "Modification of Epoxy
Polymer", Journal of Polymer Science, Vol.
7, pp.2117, 1969.

[17] Naim Akmal, "Polysulfide Sealants and
Adhesives", Ph.D. Thesis, University of
Cincinati, Cincinati, Ohio, U. S. A., 2011.

[18] Marc Andr'e Meyers, Krishan Kumar
Chawla, "MechanicalBehvior of Materials",
Second Edition, Published by Cambridge
University Press, New York, U. S. A., 2009.

[19] Satyanarayana G , Narayana Rao K , Swami
Naidu G and Bhargava N R M R, "Nano
Structured Red Mud — Synthesis and XRD
Studies", Published by ICCEECE Ltd., Vol.
59, pp. 112-116, 2014.

[20] Sri Tudjono, Purwanto, Kartika Trisna
Apsari, "Study the effect of adding nano fly
ash and nano lime to compressive strength
of mortar”, Published by Elsevier Science,
Diponegoro University, Semarang, Vol. 95,
pp. 426 — 432, 2014.



(2016) 60-52 4adeas 3ue (12 tasl) ducuntig s j )/ sl dUna Jpans G 1 gl

s pad 52 ubaad 03 480 sia Bkl 3a33Y (el g3 o aue i) 31 ga il Ay

ok Ealdi B L) Alaa *3 g (310 e Jlgsl
Ln ol 5l dnaln] fLSuilS1al) Lustigl] asd * # o
mustafaziara@outlook.com: s AV & ylix*

Ladal)

A aall ol gall slae) 8 el Ao Gluad aiy e gl sl @)Le\as:mh&\s\)h A gal paddl) paibiad dul jy Sl s A
Al J o) Jlae e ddlise 3315y cod Bae 5 (oS ¥ (e Al Gilala dlae) Cuiecat W) Ala pall | Jal e GO Gaadl 138 8 deadiel)
s LSS paliad laed )5 A Jumdl i€ il sl Lladd 060 4550 Apll o 2ns 81 (%) + 5 <96Y.0 (%0 QY0 Db)
A et ez 5 e ) yie Jalald 5 pall clbeall g o 5000 Al lauall ( das 55 43 S il (S)jiall Tadall 138 e Lo GubisY) 5ol Jaglad
¢ (Aaal) Ala yall e 5yl il I sal) Lol (pe il Ail) 53 S iall Jadall) () jial) Lol Juadl ane o5 Ciiancad Al Al el il s
Hcﬁ@@ﬂﬁd\ﬂ;ﬂ\ ‘_é\}ﬁac @‘)_934_5 \A;‘_,Jr_QS(%\ v 50pY 0 Ope s%Y.O) 3‘)9....431\ C\A‘)ﬂju}aﬂ\&_ﬁ\é\wm@mm
aaiia JS3 ial) sl jlly e Galally Aliaiall 3301 (3581 (e Ailide 35555 sty zla s 0508 L A el we 481 ial) Il
Lowi gl I cal als cae il o) gal Aol Lal apedil) dus 33 ) o) SV ae il Il Llae Lals ol @ jedal dulaall il
L i) Al 5 e aeddl) Al o) o & jelal e 51 G S S of G cagedl

60



