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Abstract

The characteristics of polymer materials which
are containing ceramic particles has been
investigated to find the information and data to
give good expectation for composite behavior
under fatigue damage. In this research epoxy
resin reinforced by ceramic particles (Alumina,
silicon carbide and grephite), with
reinforcement particles size range between 36
and 45 Micrometer and 1 to 10 micrometer for
graphite. The structure has been investigated
under stress-strain and fatigue damage to
evaluate the bound strength between the matrix
and reinforcement phase. This examinations
lead to discover new Techniques which is
applied during preparation of the composite
materials. Basically this methodology will
reduce the porosity which develops during
mixing and solidification process, as a result
the bound strength between the polymer and
the reinforcement will increase in another
word the properties of the composite improve.
The fatigue damage in the composites is
complex because, it is combine between
several damages, first matrix cracking and
second debonding of the particles. The fatigue
damage shows that pure epoxy give initial
stress (26.2) MPa and its final failureis at 221
hundred thousand cycles in which the stress
indicated is to be equal to 20 MPa. for the
composite contain epoxy with aluminand
dlicon carbide, the initial stress is equal to
(32.2) MPa and its find failure is at 910
hundred thousand cycles in which the stress
indicated is to be equal to 23 MPa. In the case
of graphite reinforcement it is clear there is
reduction in the value of maximum stress.

The microstructure examination shows that the
cracks stop at the reinforcement particles or
goes around them. Crack propagation is
thereby inhibited. This means that the fracture
toughness of the composite increased

1. Introduction

The fatigue life was found to increase with
decreasing stress level, and below a certain
stress level, known as the fatigue limit, (failure
dose not occur for any number of loading
cycle), The mean stress level, defined as the
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average of the maximum and minimum stress
on the cyclic loading, plays an important role
on fatigue life. 1t was found that the cyclic life
decreases with increasing mean stress for a
given maximum applied stress level [1]

The Stress — Number of cycles curve method
lead to an inaccurate prediction of the fatigue
life of engineering components due to the large
scatter of experimenta results as influenced by
specimen size and geometry, material and the
nature of the fluctuating load. A better
understanding of the fatigue phenomenon can
be obtained by modeling the fatigue crack
initiation and propagation processes. Crack
initiation is analyzed at the microscopic level,
while the continuum mechanics approach is
used for crack propagation. It is generally
accepted that, when a structure is subjected to
repeated external load, energy is accumulated
in the neighborhood of voids and microscopic
defects which grow and coaesce, forming
microscopic  cracks.  Eventuadly larger
macroscopic cracks are formed. [2]

A macro-crack is usually referred to as a
fatigue crack. The number of cycles required
to initiate a fatigue crack is the fatigue crack
initiation life. Following the initiation of a
fatigue crack, slow stable crack propagation
begins, until the crack reaches a critical size
corresponding to the onset of global instability
leading to catastrophic failure. Thus, the
fatigue life of an engineering component may
be considered to be composed of three stages:
the initiation or stage I; the propagation or
stage I1; and the fracture or stage Il1, in which
the crack growth rate increases rapidly. The
fatigue crack propagation life, depending on
the material, the amplitude of the fluctuating
load and environmental conditions. [3]

The failure of engineering components
subjected to an aggressive environment may
occur under applied stresses well below the
strength of the material. Environmental
conditions greatly influence the processes of
local failure at the tip of a crack and cause
subcritical crack growth and gradual failure of
structural components
Failure under such conditions involves an
interaction of complex chemical, mechanical
and metallurgical processes. [2]. Composite
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materials have offered substantial
improvements over metals for application to
structures subjected to fatigue loads.. Metals
exhibit simple failure mode which can be
described as cracking caused by a single
dominant fatigue crack, While the composites
can exhibit one or a combination of failure
modes, including particles  breakage,
delaminate, matrix cracking, interface de
bonding, and void growth under fatigue
loading. [4]

Any combination of these may be responsible
for fatigue damage, which may result in
reduced fatigue strength and stiffness. Material
properties, specimen geometry, stacking
sequence, load levels, loading rate, waveform
types and frequency, time, and temperature are
also critical variables in composite fatigue as
they are in any fatigue study. Variation in any
of these variables could result in different
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damage processes and damage evolution
mechanisms. [5]
Materials:
The matrix material Conipox 77Z Epoxy type
which is from thermosetting materia
combined with a hardener 3:1 ratio, which
enables cross-links to be established between
the epoxy molecules to produce a thermoset
material and the rests are reinforced materials;
(B-Alumina, a-Silicon Carbides, and Graphite)
powder. Alumina, o-Silicon Carbides, and
Graphite) powder. Alumina fine powder
manufactured by E.Merck-Dramstadt, extra
pure, Silicon carbide manufactured by Fluka
AG Buchs S.G - Switzerland, Charcoa
Anima Powdered, Pure. Graphite powder,
Laboratory Chemica — India. The range of
paticle size for reinforcement material
between (36pum to 45um) and 1 to 10 pum for
graphite
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Where: Be benzenening and n for degree of
polymerization. When the epoxy is mixed with
hardener the oxygen bond opened and the
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reaction binds two epoxy molecules by
covalent bond.

CH,-CH-CH,0H
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Linear epoxy Hardener
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2.2 Mixing process:

Mixing of reinforced materials particles with the matrix
is an important process especialy with the fabrication
of hybrid composites contain two or three particulate
materials. An electrical engineering mixer was used.
The particles were put into the drum according the
specified volume fraction and were mixed five to ten
minutes, the mixing time increased with type of
reinforcement and the volume fraction.

2.3 VVacuum process:

Combined resin with a hardener, produce reaction. This
chemical reaction generates porosity in the structure of
the composite especially around the ceramic particles.
So that during solidification process the mixture was
placed desiccators as shown in figure 2.1 to get rid of
bubbles in the mixture

Fnally the samples placed in curing chamber at 30°C
for 8-hr to compl ete solidification

3. Resault and Discussions

3.1 Stressand Strain Curve

Four types of experimental data were investigated in
this research firstly matrix materials (epoxy) secondly
alumina with epoxy, thirdly alumina and silicon carbide
with epoxy and finally alumina, silicon carbide and
graphite with epoxy.

Stress strain relation curve was drawn for each
specimen where stress is calculated from Equation ¢ =
P/A, where P isthe load from the load gage and A isthe
cross section area for the specimen, the curves for
strain-stress relation is shown in Figure (3.1.1). All
tensile specimens failed at the reduced section of the
specimen where the cross-sectional area is minimum.
The initial observation of the stress-strain curves shows
that all PMC’s are brittle in another meaning sudden
failure occurs from ultimate tensile stress (UTS) to
failure stress. Also it isvery clear particles size, density,
volume fractions and type of reinforcement materias

affect the stress-strain curves [10].
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Figure 3.1.1 shows the relation between stress and strain for pure epoxy
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The mechanical properties of polymers are
specified with many of the parameters that are
used for metals- that is modulus of elasticity,
and yield and tensile strength. The simple
stress-strain  test  is employed for the
characterization of some of these mechanical
parameters. Epoxy highly sensitive to the rate
of deformation (Strain rate) as shown in
figure (3.1.1). For a brittle polymer, which has
been usein this research as much as it fractures
while deforming elastically. The fracture

process in polymers involves the breaking of
intra-and intermolecular bonds. As a general
rule, the mode of the fracture in thermosetting
polymers is brittle. In simple terms associated
with the fracture process is the formation of
the cracks in regions where there is a localized
stress concentration Covalent bonds in the
network or crosslink structure are severed

during fracture.
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Figure 3.1.2 shows the relation between stress - strain for pure epoxy and epoxy reinforced with

alumina

Figure (3.1.2) represent the relation between
stress-strain - for Epoxy reinforced with
alumina. It is clear from the figure above
maximum value of stress increase from 260 for
pure epoxy to 300 for epoxy with 5% alumina.
The alumina particles provide the high
stiffness, while surrounding polymer resin
matrix holds the structure together. Particle-
matrix interaction cannot be treated on the
atomic or molecular level; rather, continuum
mechanics is used. For most of these
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composites, the particulate phase is harder and
stiffer than the matrix. These reinforcing
particles tend to restrain movement of matrix
phase in the vicinity of each particle. In
essence, the matrix transfers some of the
applied stresses to the particles, which bear a
fraction of the load. The degree of
reinforcement or improvement of mechanical
behavior depends on strong bonding at the

matrix-particle interface.
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Figure 3.1.3 showsthe relation between stress - strain for pure epoxy, epoxy reinforced with
alumina and Hybrid composite (epoxy, alumina and silicon carbide).

Hybrids— polymer matrix composite

Hybrids-PMC’s is investigated as shown in
figure (3.1.3). Hybrid-PMCs are fabricated by:
A- Mixing (alumina and silicon carbide) with
Epoxy

The stress increases by adding silicon carbide
to reaching maximum value at 325. These
increments in stress are because of the silicon
carbide particles are normally much smaller,
with diameters between 1 and 10um, the
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Particles of the matrix interactions that lead to
strengthening occur on the atomic or molecular
level. The mechanism of strengthening is
similar to that for precipitation hardening.
Whereas the matrix bears the major portion of
an applied load, the small dispersed particles
hinder or impede the motion of dislocations.
Thus plastic deformation is restricted such that,
yield and tensile strength, as well as hardness,

improve.
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Figure 3.1.4 showsthe relation between stress - strain for pure epoxy, epoxy reinforced with
alumina and Hybrid composite (epoxy, alumina and silicon graphite).

B- Mixing (alumina and graphite) with Epoxy:

Hybrid-PMCs s fabricated by mixing (alumina
and graphite) with epoxy leads to drops in
strain of Hybrid-PMCs and decrease in stress
to reach till up to (280MPa) as shown in
Figure 3.1-4, the reason for this behavior due
to wettability of reinforcement by the matrix.
Wettability refers to the ability of the liquid to
spread on solid substrate. Frequently taken as a
measure of wettability, are acontact angle of
0° indicating perfect wettability and a
contact angle of 180° indicating no
wettability. Wettability is only a measure of the
possibility of attaining an intimate contact
between liquid and solid. Good wetting is

3.2.Fatigue test

The Stresssnumber of cycles is the most
important presentation method. For the fatigue
effect on any kind of material whether is metal,
ceramic, polymer or it is made from composite
materials, in the figures below the relation
between the stress and the number of cyclesis
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anecessary, but not sufficient, condition for
strong bonding. Besides wettability, [11].
Other important factors such as chemical,
mechanical, thermal and structural factors,
affect the nature of the bonding between the
reinforcement and matrix. As it happens, these
factors frequently overlap, and it may not
always be possible to isolate their effects. In
PMC's, the surfaces of particles are generaly
treated to promote chemical or mechanical
adhesion with the matrix another reason
Increase in fillers leads to decrease the
movement of particles which  causes
decreasing in the transmitting stresses from
matrix to fillers particles.[10]

presented, these figures are for different values
of stress and for different composite materials.
Figure 3.2.1 represent the relation between the
stress and number of cycles for the pure epoxy
with, theinitia stressis equal to (26.2) N/mm2
and its final failure is at 221 hundred thousand
cycles in which the stress indicated is to be
equal to 20
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Figure 3.2.1 relation between the stress and number of cyclesfor the composite contain epoxy

Figure 3.2.2 represent the relation between the
stress and number of cycles for the composite
contain epoxy with alumina, the initial stressis
equal to (29.2) N/mm2 and itsfinal failureis at
187 hundred thousand cycles in which the
stress indicated is to be equal to 23 MPa
From the result shown in figure 3.2.1and figure
3. 2.2 thereisno noticeable differencein the
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value of maxim stress and number of cycles at
which the material fail. But in the case of
modules of elasticity there is noticeable
change, for pure epoxy the module of elasticity
was 908MPa but for the epoxy with 5%
aluminathe value increase up to 1.31 Gap
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Figure 3.2.2 relation between the stress and number of cyclesfor the composite contain epoxy
with alumina

Figure 3.2.3 represent the relation between
stress and number of cycles of Epoxy alumina
and silicon carbide, it is clear up to 100
thousand cycles rapid drop in the stress with
number of cycles. And then the curve takes
liner relation between stress and number of
cycles up to 150 thousand. After that the
decrease returns to be arapid drop in the value
of stress, until the fina failure at the end of the
190 thousand cycles With silicon carbide the
maximum stress increase and the number of
cycles increase as will, this behavior due to
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strong interface between SiC and epoxy which
allow the force to transmit from reinforcement
to the matrix.

Figure 3.2.4 shows the behavior of Epoxy
alumina with silicon carbide the specimen
shows maximum stress of 29 Mpa and than the
stress drop down rapidly until 110 thousand
cycles then become stable. When the number
of cycles reach 180 thousand the stress values

drop rapidly again.
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Figure 3.2.3 relation between stress and number of cycles of Epoxy alumina and silicon carbide

Figure 3.2.4 represent the effect of graphite in
the composite, it is clear there is reduction in
the value of maximum stress because of the
pore wet ability between epoxy and silicon

carbide. So that it is important to know the wet
ability of the materials before use as discuss
previously
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Figure 3.2.4 relation between stress and number of cycles of Epoxy alumina, silicon carbide
graphite

It is clear from all the S - N curves, the stress
decreases during the test in different
percentages. During the first two thousand
cycles there is rapid decreases in the stress
which is represent the first region in which the
fatigue life initiates the first damages, most of
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these damages are a transverse crack that takes
place in the composite structure, as cycles
increase the decrease in the stress takes new
pattern and the decrease is less sharp than the
first two thousand, and starts to take a linear
decreasing.
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After that the relation between stress and
number of cycles returns to be a rapid drop in
the value of stress up to the final failure at the
end of the 600000 cycles, this behavior can be
explained as that the damage in the first few

3.3.1 Microstructure examination

It can be clearly seen that the composite have a
very complex structure because of the use of
the particle reinforcement. The distribution of
reinforcement particles in the matrix, which is
very important factor affected the properties of
the composite so that it is important to make
sure that maxing process give homogenous
distribution.

The interface between the matrix and the
reinforcement phase is responsible to transfer
the force from the reinforcement to the matrix
as shown. The effect of the particles on the
fracture of the composite can be seen from the
micrograph figure 3.3.1 which clearly shows

thousand cycles was because of the transverse
crack and then it starts to grow in the
composite and starts to produce the particles
matrix de bonding

that the cracks stop at the particles or goes
around them. Crack propagation is thereby
inhibited. This means that the fracture
toughness of the composite increased by more
than factor of x 2. The transverse cracks that
take place in the particle matrix interface lead
to damage in the first few thousand cycles and
then it starts to grow in the composite and
starts to produce particles matrix de bonding as
shown in figure3.3.1.[6]
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Figure 3.3.2 showsthat the cracks stop at the particles or goes around particles

4.Conclusions

1- The fracture strengths of polymeric
materials are low relative to those of
metals and ceramics. As a genera
rule, the mode of the fracture in
thermosetting polymers is brittle. In
simple terms associated with the
fracture process is the formation of
the cracks in regions where there is a
localized stress concentration.

2- Forcing particles tend to restrain
movement of matrix phase in the
vicinity of each particle. In essence,
the matrix transfers some of the
applied stresses to the particles, which
bear afraction of the load. The degree
of reinforcement or improvement of
mechanical behavior depends on
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strong bonding at the matrix-particle
interface.

3- The S - N curves during cyclic
loading, different regions inside a
composite material have different
micro-responses. The weaker matrix
can act temporarily as a homogenous
material like the conventional metal
but only until some other constituent
of the composite takes over in the
deformation process. After sufficient
matrix cracking the crack encounters
the particle/matrix interface. Here the
circumferential  stiffness  of  the
particles does not alow it to be
broken by the crack, and hence the
crack moves aong the particle-matrix
interface. This type of process
eventually leads to damage called de
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bonding, as shown in microstructure 5-  Fracture Mechanics “E. E. Gdoutos,”

examination Second edition, (2005).

References 6- Interfacia behavior in ceramic —

1- Fatigue behavior of  polymer metal composites, A.Abed, AC smith

modifified porous concretes , Miguel & A. Hendry,ceramic scince and
“ngel Pindado, Antonio Aguado* and technology November 1995
Alejandro Josa,Universitat Politécnica 7- The Influence of Stacking Sequence
de Catd unya (UPC), School of Civil on Laminate Sstrength”
Engineering  (ETSECCPB),  Jordi Pagano,N.J.Pipes R.B.,” Journa of
Girona 1-3, M?dulo C1, E-08034 Compos'te Mater|a|3, Volume
Barcelona, Spain 5,Junuary 1971

2- Particulate reinforced metal matrix
composites a  review,journalof
materials scencen, publisher springer
Netherlands, issn 0022-2461 print
1573-4803 online

3- Particulate reinforced metal matrix
composites — a
review,l. A. Ibrahim?,

8- High-Frequency Fatigue Behavior of
Woven-Fiber-Fabric-
ReinforcedPolymer-Derived Ceramic-
Matrix Composites

9- Ceramic  Composites  Research
Laboratory, University of Michigan,
Ann Arbor, Michigan 48109

F.A. Mohamed® and E.J. Lavernia‘ 10- investigation the  properties of

Materials Section, Department of polymer with ceramic particles, MSc,

Mechanical Engineering, University university of AL-Nahrain ,Omar

of California, 92717 Irvine, Salman,2009.

California, USA 11- Engineering materials technology
4- Composite  Materid Handbook “third edition ,Wiley & sonsInc

“ Schwartz, M,” Second

edition,(1992).

el sl (e Adiagd) 3l gall g A pall 31 gall £l o gl s
e pad Gea ) 2o 2
e
SIS all Aarig) oudfAnaigh A4S | ¢ gl daala

4Dl

slae Y il Clasbeall Ay s pn ddoa Clja gsiad A Polymer 2lse pailbas 0
3530 el e 8 EPOXY i 18 b ele Y JLEAT Cand A8 pall o sall o ghd samll Cilad il
S oSae Vem) g slagpSoe £0-FT G gl ana e o(Sulil g Sl an S5 o sl 2008 )
el Als pe G daal il B8 anfl ple Yl LA dlea) Cad pand S G Gua L i) S
AS el ol gall juasd U Gkt ) Sanas colast GLIES) ) (6350 G smdll o3 () Cusy Adsiiadll
8 dam€ aliadly BN Ll olE Tkt ) dsdsall (i getall Ao 138 o) dplad 5 seany
S el Gpeat ailiad (e Fie 3 il s Polymer o sl il

lail] Gy A3 ghonal) oSS Yl ¢l il 330 G S LY e 068 LSl b sle ) L)
4l (Y1.Y) MPa 503k Wl Tlga) any ilall EPOXY (o8 slbie ) JLial oy 5all
With s st o5 e Lt 20 MPa ) (5 she zriass Sleal) 4 () 550 All AL YYY (3 gl
(YY) MPa ! (ssius 591 deay) « EPOXY ALUMINAND SLICON CARBIDE
oAl AL YT MPa ) ssbee miadn dea) 4d 350 Gl Al 4) e 8 gl aliag
Ca g 3RS0 Ol G el andl) | B Slgal) dad 8 (muidd llia o il ) (e il )
& 3l 38 el am A gl Tl i 13a p GRAAN LADI e Ngry Laga Jamy of Dy adll iy e die
LSl

NUCEJ Vol.14 No 2. Najam 159



This document was created with Win2PDF available at http://www.daneprairie.com.
The unregistered version of Win2PDF is for evaluation or non-commercial use only.



