CHAPTER 11

THEORY AND LITERATURE REVIEW

1 Composite Material

n co. aterial signifies that two or more
matenalsarecumbmed 1‘ pit_scale to form a useful material.
ACTOSE € L a.mate ial. The ad\fantage Df

“sualy best qualities of their
wnalities tl i constituent possesses.
l f] A AT : pe

constituents and ofief
The properties that.€a roved by fo acomposite  material
include:  strength f - life, stiffness, temperature-dependent
behavior, corrosior i Ge, 3-»!_!1 ulation, wear resistance,
thermal conductivily, afti@ctiveness, acc stical insulation and weight.
Naturally, not all of thé abov -»--'-%" #§ are improved at the same time
nor is there usually any fequirement to'do so

Composite materialé: :‘Bave”’ g history of usage. Their
beginnings are lmknuwn,,hwaﬂ md history contains reference to
some form of composite mat straw was used by the
ancient Egyptians when { d th ol could be rearranged to

achieve superior s&ngﬂl ance to thermal expansion as well as
to swelling due to the presence of %mmn'e Medieval swords and armor

were co m m als. More recently,
fiber- rszn:@d m-t&wmgm and

shﬂ'ness-tn—wegt ratios have becomeataﬁnrtancc v weight-sensitive

applications'sheh a8 ditcraffand spapé vetigles| 7| | £ 7/
2.1.1 Properties

Composites typically are make up of the continuous matrix phase
in hich fiber and additives are embedded: (1) a three-dimensional
distribution of randomly oriented reinforcing elements, e.g., a particulate-
filled composite; (2) a two-dimensional distribution of randomly oriented
elements, e.g., a chopped fiber mat; (3) an ordered to-dimensional
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structure of high symmetry in the plane of the structure, e.g, an
impregnated cloth structure; or (4) a highly-aligned array of parallel
fibrous randomly distribution normal to the fiber directions, e.g., a
filament-wound structure, or a prepage sheet consisting of parallel rows of
fiber impregnated with a matrix. Except in case (1), the properties of
the composite structure viewed as a homogenous average material are
more complex than are the more  familiar isotropic materials which
require two independent constants, stehsas the Young's modulus and the
Puissun ratio, to spm@ ‘ela onse. The other types of

4yrequire at feast - independent constants, such
as two Ymmg’s moduli and-twb | wsmﬁ‘,% r the elastic response as

affected by the orie plied relative to that of the
reinforcing fiber. Th€se propestics 'bumamd Since composites in
turn are often built up by Aamiinati ers of composite sheets, these
properties are neék g predi : 'f'epouse of the laminated
structure. The e oriented differently from
adjacent layers. If piop is not available, peculiar effects
can occur, such as, a gomposiic part twisting when a simple tensile load
is applied. With an isotropi¢ smaterial, this would merely stretch the body.

However, for purpose of ‘designing optimum matenals it would be

predictions to be )ﬁade with '-m* able conﬁcﬁme in specialized cases.
However, for many nﬂagmtuahnns only upper and lower property bounds

can be Stat% m Hﬂﬁ % .;.ﬂ]e stresses and strains
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computéd when the reinforcement has a simple geometric shape and is
located in regular arrays. Such idealized models can be used to provide
a semiquantitative framework for the behavior of real composite
materials. Modeling of the properties of composites as a function of
temperature, pressure, or other environments requires a corresponding
knowledge of the behavior of the separate constituents plus of their
interactions, such as, result from differences in thermal expansion.



2.1.2 Classification istics of Composite ials

There are three commonly accepted types of composite materials:

1). Filled porous system composites which consist of porous
materials penetrated by matrix o

2). Particulate composites which are composed of particles in a
matrix

3). Fibrous composites which # sed of fiber in a matrix

These types of ] ibed and discussed with
many aspects in the following

|"—n 08 ty(slze,degree of

ap stribufion of sizes); 3)the properties of the
polymeric ﬁllcr, incl ing . ifs - Athe nature of the filler-matrix

_ shavior,. will depend on the
classification above. If pc TOSIL gible, miodels in Section 2.1.4

may be appropriz . i 2
4
““P?im"'ﬁ”—“‘um amwaggmgm
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Polymerization characteristic has been considered the same as a
general chain polymerization, i.e. comprising of initiation, propagation and
termination.

Rp =K[R ]1/2
Rp = K'[DR]1/2 =Kk"[m)1/2



the gel effect and the nature of substrate will also play the roles.
Properties(8): Dimensional Stability
* good dimensional stabilities
* low water uptake .
: Mechanical Tae
* compressive strength up to 1.5x :

1) by adding polymerizable monomer to a c.oncrete or mortar mix,
and then curing both concrete and polymer,

2) by adding a latex or an aqueous solution of a polyme:r to a mortar,
or concrete, and then curing the composition in the presence of the
polymer,

3) by impregnating a cured mortar or concrete with a monomer, and
then polymerizing the monomer using thermal or radiation catalysis.



Generally (1) and (2) are called "PCC", and (3) called "PIC". In
general, PIC gives the best properties.
a) -Im Cement Mix

The incorporation of a latex into a cement mix makes it possible
to achieve both an intimate blend of the polymer particles with the
cement gel and an acceptable hydration. Parasitic reactions
between a monomer and W are thus avoided.

¢) Polymer-Im mm-m T -1-._-1-

This systeft 98/ /) Aerently porous than the latex-concrete
mixture. Use of Afrad «( | intiation accompli

properties than the ‘.ur 1"1;...' DIC's bebaves much more like a
classmlelashcsnm regnated.

at lower stress ﬂmn in mg:vq ding fully dense body.

P 1y G s, B ol et

effect, which Epends on the n%tum of the pores At the same time, pores
may Mere ' me case to
AT RS T Y
Auskem(ll)has developed mmple empmcal models that combined
effects of porosity and effects of a filler, which in this case is a polymer.

S¢ = S1v1 +1(S2v2) i 2.2)
where

S = strength of composite,
v = volume fraction,

1,2 = cement and polymer, respectively,



In ideal case : f(Spvp) = Spvp, by assuming that cement strength
is related to porosity by the following expression:

S1 = 81,0f(P) m——meee(2.3)
where -
p = porosity, _
S1,0 = ideal pore free,

(2 .4)
where

n = depends

2.1.4 Particle- and hibef Reitiforced Plastics

afJ
W

-
"k ekindofanaverageuf
]l.' ne oo ym@fﬁ“ﬁfsm two

The modulus g
the moduli of the individ

main groups, particle afd fibrbus. Patticulate phases are usually called
fillers, or if the interphase”adh: ‘ gh,remﬁorcmg fillers. Fibrous
phases are usually refemed to ng. the behavior of
thﬁGDEPOSIlE depepds on size., nd state ol agglﬂmﬂﬂﬂﬂnﬂfthﬂ
minor components;‘and the degree of a -‘" filler and the
matrix. : — i a

6l ; VIEREE
quolymencmamxls strengﬂ]enedorstlffenedbyaparhctﬂate
second phase in a very complex manner. The particles appear to
restrict the mobility and deformability of the matrix by introducing a
mechanical restraint, the degree of restraint depending on the particulate
spacing and on the properties of the particle and matrix. In the simplest
po?il})le case, two bounds have been predicted for the composite modulus
E(12).
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upper bound:

=vpEp +viEf  (case of equal strain) s V%)
lower bound:

E¢ = EpEf/(vpEp + viEf) (case of equal stress) —_——-——-(2.6)
0 2 parallel and a series model

The pred1ctahun -d‘,_.,the modu]l q‘;‘,mnmnmtm of a spherical filler

mﬁ“‘“ﬁ"dﬁ Bl

In general, lamella or fibrous fillers raise the modulus to a greater
extent than do spherical fillers(14).
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Gc o Gp\"p + A‘G’fo '—'—"—"{2.8)

A = an empirical term to give a measure of the filler-matrix adhesion.
This equation, under some condmnns is approximately equivalent to
Kmerslowm*—boundtypere_ nship.

Mooney giving.a slight increase in modulus is(17)

"R Lt -t 1Y @
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A low filler content, one uses Guth - Smallwood relationship(18);

Ge = Gp(1 +2.5vf+ 14.1v2) ermeemeemss(2.12)

In addition to the expressions mentioned for predicting moduli in the
elastic  state, blending equations developed by Ninomoya and
Maekawa(19) have been adapted to predict frequency-dependent moduli
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of filler-polymer system. Compliances were considered to be additive, and
the following relations for relative moduli (Dp/D¢) were

Dgi(w) = fivpDp!(wA2) ——er(2.13)
D¢"(w) = f(iv)Dp"(WA2) —reree—y(2.14)
where
D', D" = the tensile %w ncsatﬁ'equencyw
f(vf) = the functio of ﬁ]ler v,

A2

The prediction of stress relaxation was carried with the WLF

equation. Tﬂ&l‘@x@ WW of the type of
filler used and of the mode nf lo creased the

dldmfactreduce thecreep ﬂwrelatwe eﬂ”ectbcmgneaﬂy mdcpendem of
the applied stress

In general, the creep elongation could be estimated in terms
of the shear moduli alone as follows:

ep(/ec(t) = Go/Gp ——e(2.16)
where
g(t) = the elongation at time t.



13

(2) Damping

Often, a filler which increases the relative damping, specially of
the matrix is rubbery. The logarithmic decrement A, was found to exceed

the value due to polymer only(21). —
—memee(2.17)
—mmmeeeae(2.18)
1 4,f led lastic polymers makes
g 63 Gampiag. matetials, damping s not only
increased, but high dar ;.4(' Cists over wl%r range of temperatures
than an unfilled s -,5 ;; 4\
b) Mechanical BEhay

 rubber deereases with increasing
r. This effect which may

sversible, is usually 2 Wmadewcthngnfthe
filler parucles ortoag[eakdowu of,a filler agglomeration. Dewetting

S RELRR I S

(2) Stress Relaxation

The modulus E wvaried by as much as 40% when the strain
was varied from 0.1 to 0.3 the data could be fitted by the following
empirical function(22).

[Ece®12/[Ece(D]1 = [1 + (ep)1V/[1 + (ep)2] -——-(2.19)
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where

e =In (L/Lo),

gc = gp+(1-Kvfl/3).

Ece(t)=themoduliforﬂmmmpositcmeasmedatﬁmetmdsﬂaine

Theshessrelaxaﬁonmesforaﬁ]ledpolymeratdiﬂ'erentsh*ainsec
could be shifted along the mod ; axis to give a master curve at the
reference strain. The corres D ’ ulusﬁmchunbecomesasthe
foﬂumgequahon@z).

Ec(®)=[1+ ec/(4 f_ (I eplEce(®)  ———(2.20)

bt of additivity predictions to
include stress-strain beliavior as a. , iller concentration for the
cases of: ; '

(a) perfect adhesion betivs
(b)nnadhqugn_i ween them.

mﬁmmmmm e

the elongahun
In the case of no adhesion to thematnx,theeﬁ'ecmreporosny
was introduced(23).

oB/oBp = (1Kv2/3)s (2.23)
where
K'=1
S' = stress concentration factor = 0.5
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Leidner and Woodhams(24) have developed the more elaborate
approach to the effect of filler content on strength of the composite:
* For a case of high vf and interfacial adhesion:

oBc = (0at0.83tp)vf+ GaS'(1-vf) -—(2.24)

oBc =0 83 wmiinni 325
where .
Ua,ﬁp = the I“W/ strel 7-1@“ | C . interfacial
Tp = the shefir sfc (A e Dol Riatri

S‘ :I' & -}‘ ¥ |

K' Flullidi- -y‘

the y eOmponen essure by the matrix

o

With poor matrix-filiér ac always observed as in
the pure matrix; én the other hand poed dhesion, specimens fail
before yielding. = '

Sahu and ) reported decreases in flexural and tensile

systemsexhibiting geod adhesion. But sometime the

strengths fo
presence ofﬂ%ﬁg % ioned above, but

may mnreasmtmstead,depen'ganthetypeoﬁ andﬂmde of

Tﬂe compressive ywld stress of ﬁ]led system was a lmear function
of the logarithm of the strain rate with slope being independent of
filler concentration and so was tensile strength.

Nicolas and Narkis(26) stated that the yield stress was a function
of strain rate which was temperature and filler dependent.

oyc/(1-1.2v§2/3) = A + Bln(eaT) — %[y
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where
Oyc = the yield stress of the composite,
aT = the shift factor of the WLF equation,
A.B = a constant,
€ = strain rate. —

is performed as in the
master curves that the
composition.

In addition to the
to calculate stress®

effect of the ctﬂateﬁﬂermaplastlc on fracture

poperis 5| ooy, W%ﬁ Fipions, e oy

required tnlﬂuceandpropaga crac]catnormal emperatures is often

_ S icent supply a
' composﬂe w1th potentlal mtas for crack growth, especially if debonding
occurs between the filler and matrix. At the same time, in principle, rigid
fillers may serve to divert cracks (and thus increase total surface area of
fracture) or dissipate energy otherwise associate with crack growth.
The modulus itself contributes to the total energy and the stress
required for fracture.  The filled material was brittle at higher
temperatures and lower strain rates than the unfilled polymer.
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where
Oyc = the yield stress of the composite,
aT = the shift factor of the WLF equation,
A.B = a constant,
€ = strain rate.

both temperature and filler content
. It can be mentioned from
ons of temperature, stress,

A double shift with respe ;
is performed as in the case n{,
master curves that the
and composition. 1 -

In addition to

neasuicments, an attempt was made
n 1_‘_" -independent relaxation

RSN /7 )

properties is complex. Althoughdhere are exceptions, the energy

required tu Zﬁtm peratures is often
reduced by thqpresence ofa partl ot surprising since

ik supply a

Sppeikilaatinergheis

etween the filler and matnx At the same time, in principle, rigid

ﬁ]lers may serve to divert cracks (and thus increase total surface area
of fracture) or dissipate energy otherwise associate with crack growth.

The modulus itself contributes to the total energy and the stress

required for fracture. The filled material was brittle at higher

temperatures and lower strain rates than the unfilled polymer.
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The "fracture toughness" for charactenzmg brittleness provides
a measure of the conditions required for catastrophic crack propagation in
a material(28),

Y = G2 =Kc2[(1-v2)2E] =———(2.28)
where
wear the crack tip).
=

The effects of s FS o@ toughness are clearly of
interest in terms of te aiie, filler type, geometry, size, content, and
interfacial bonding. * phercs were treated with silane
coupling agents to-pronioté es of &y were decreased. But
when fiber were so ti€z v.%?.fmmd

If little additioghl /ransfer of sfress can occur, improved adhesion
will inhibit plastic flow 2 ﬂ]ﬁ‘u ;_ rface an d thus decreases the Y.

The study of 1 ect of filler on the area under a stress-strain
curve and ummpact gih found that both the areas under the stress-
strain curves and uunﬁtche&;@act J‘:-I:tr h were reduced in proportion to

the volume ﬁ‘actllﬁﬂfﬁﬂﬂf EZavan

Thﬂlﬁller stlﬁ‘ens the compomte to a greater extent, and begins

asing, fractions i inuous fiber
of a - aterial, the between the
matrix and the ﬁiler and most mechanical properties of the composites
are improved to greater or lesser extents i composition of the matrix.
With continuous fiber, on the other hand, the fiber carry most of the
mechanical load, while the matrix serves to transfer stress to the load-
bearing fiber and to protect them against damage.

For use of materials in aerospace technology, the weight of material
must be kept to a minimum, and considerable attention was given to
achieve high strength-to-weight and high modulus-to-weight ratios.
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ratios. Table 2.1 shows that, for example, composites based on
epoxy resins reinforced with boron or graphite fiber have specific
strengths (per unit weight) and moduli far surpassing values for
aluminium, titanium, or high-strength steel.

Table 2.1 Properties of Oriented Polymeric Chain Structures and

Related Engineering Materials(30)
Material 06  Tensile strength ~ Density
. Ihﬁ“a
Steel and iron (cast 0.25-0.29
and alloy)
Titanium 0.16
Poly(vinyl alcohol) 0.05
Polyethylene 0.05
Boron/epoxy 0.07
Aluminum 0.10
Polytetrafluoro- 0.05
ethylene
HTS-graphite/epoxy 0.05
Cellulose I 0.05
E-glass/epoxy 0.06
Polypropylene 3 : 0.05
Poly(ethylene oxide) 142 056 ., 088 - 0.05
: 1eINAS

*E11 and E;!g:] } to and fransverse to,

AR T NS
Eo A ojkpicodension /| | 4 /]E71 61 2

b) Modulus and ile Str

A matrix can transfer a major portion of an applied stress to

fibrous elements only if the ratio of length 1 to diameter d exceeds a
critical value 1.
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l/d = o2t ——mmee(2.29)
where
of = the maximum stress in the fiber,
T = the matrix or interface shear strength. —
The reason is that the fiber ends do not carry load; as the fiber
length increases, ﬂle relamrel ineffe _'wpnrtions of the fiber decrease.

S‘iﬂﬂe as a matter of nracice 1 : are o cﬂn}'iﬂﬂ]ﬂ range of
lso_souu,itmc capthalSuch'a hber e :'":;.,l""t .

continuous fiber it i ADI *.'_',-t-_: l. I..'f;‘d sierred ﬁ‘omthecﬁmplex’

good adhesion appeafs (4 génerally lower the yalue of 1o/d(31)
Thus’ in contrs [ é Jleast some of Dﬂﬁbl'ﬂlls I'Ei]]fmmeﬂts,

relatwely short fibrous re

20 30 40 80 )
Volume Fraction Glass Fibers, vy

Figure 2.2 Effect of filler content on glass-fiber-PPO composite
tensile strength.
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The orientation and configuration of the fiber are important. At the
same concentration of the fiber, isotropic systems will exhibit a lower
.degree of reinforcement than systems that have preferential alignment in
the direction of stressing, while orthogonally oriented systems are less
strong, but have good properties in both directions.

With random fiber in a plane a modified rule of mixtures has been

proposed by Nle]sen(33) and Chen(34) to predict the
modulus: '?7 /

4.-»u= (I“’vﬂ;f | ——231)

K = icfCaL o efficiency parenigter which depends on
oncfiod gand on the ratio of the

(chraﬂy about
If the fiber is lon e direction of applied stress
higher levels of reinforcément r, angd the following rule of mixtures is
fmmdtoholdmtermsofmﬁa&of he consti

/‘

-
""'.—P e »l‘ e
-

where : :
/l = the fiber oneﬁtﬁmn is parallel fo the stress direction.

long, oﬁlcnted fiber tend to yield upper—bomd value:s of modulus. Short,
randomly oriented fiber tend to yield intermediate behavior.

With long fiber, the advantage gained in the direction of stress is
offset by a compensation reduction in the transverse direction as
indicated in the following equation(36):

Ec1=2[1- vfH(Vf Vm)Vm] - [MfCMm+Gm)-Gm(MeMm)vm] --(2.33)
(@M +Gm)+2(MfF-Mm)Vm]
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where
E¢ | = the transverse Young's modulus of the composite,
M = the area modulus, M = E/(2-2v),
v = Poisson's ratio.

In any case, the effects of high stress concentration localized at the
tip of fiber are exl:remel g t. Several investigators have
measured such stress as a _following parameters: critical
aspect ratio lo/d, spaci fiber_ends and between fiber,

eccentricity of fiber,and ‘z@ ends. For example,
Maclaugl:lin(37)reviee sthér studies and presented results of a study
of this problem by photg ”g ies fiber was used in an
epoxy matrix, thesfiber i mu- g_f‘ ilus. was 40. Maximum ~ shear
stress in the fiber v i on "H- ratios of 40-80,
mﬂlthesmallervalue -e-;z. al spaci g Maximum shear stress

in the matrix was obseryed, gs -v';- t fiber ends; especially high
values were observed gea ﬂbq; ids that were close together. Carrara
and McGarry(38)analyzeé qm‘ﬁx and imlerface stresses as a function of
geometry of fiber ends, and shov sf:““f a tapered tip should have the
lowest stress con tratmn.“”"' ZEVAL

— ¥

—l

Faﬁgnﬂ% ﬁew =4 ﬂt% such as effects of

aspe-ct ratio, q,ﬁ-equency, modes and crack propagation.

e g Ry a1 e Tl

reqmmcl “for a20% deflection at a rate of 3 Hz which was low enough to
minimized heating by hysteresis. A significant increase in fatigue life was
observed when the aspect ratio equaled 200. Further improvements in
fatigue life were small for values of I/d > 200.

At higher frequencies, a substantial degree of hysteretic heating
may occur. Thus, at frequencies up to 40 Hz, Dally and Broutman(40)
observed the generation of surface temperatures up to 1300C for fiber-
glass-roving-resin systems. The heat generated per unit volume per .
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second, q, depends on the frequency f and tensile strength , and is given
by

q=Ho2f2E US55 )

where

E = Young's modulus,

was somewhat reduced by
t the lower the stress level
it was suggested that the

While it  is/ true“ha " oumposltes the fiber bear
the major fraction of the load. the 1 At d the nature of the fiber-matrix
adhesion are often excludingly lpm In fact, the matrix is the
strengﬂl-hmlhngyhah!em!ha following cas .5-; ligned continuous fiber,
tested off-axis; “eross-plied continuous fest at all angles; and
incompletely dispersed random-in-a-planc dlscgjhnuuus fiber, test at all
angles. Thus, mu;agmmmunc@es matrix strength is desired- a

mmbmahu achi ‘ ion of rubbery
materials in mm &I

substantially, the

S D S T

the addition of small glass spheres, especially lf interfacial adhesion is
minimized; the use of ductile or crack-stuppmg filler; the use of high-
modulus organic fiber; the structural modification of epoxy and other
resins; and the use of other matrixes altogether.

In all cases, the nature of the interface must be carefully controlled.
For example, in contrast to the case of particulate composites, good
adhesion between a ductile matrix and short glass fiber may enhance
crazing and hence energy dissipation at the fiber tips(41).
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As with particulate fillers, then, the fracture energy of a fiber-
reinforced composite is a complex function of the properties of the
reinforcement, the matrix, and the interface. Several modes of
dissipation (Figure 2.3) may be involved as follows:

1) Debonding of the fiber from the matrix as a crack impinges upon a
fiber. Such a debonding may occur when the fracture strain of the fiber is
greater than the fracture strain of IX.

2) Pulling of broken the matrix following fracture.

3) Redistribution eﬁmﬁ: fefdrom fiber to the matrix after
fracture of the fiber,

4) Fracture of ¢

Clearly, all M determ:mngtheovera]l
toughness of a-com ot 0 ‘*’4 €8 dﬂpendcnt on the system.
Broutman and Agdre -"-’“' ‘= ' ;. ly analyzed this question, and
developed more ents of the overall work

required for fracture. Suicl | on fracture mechanics concepts
should be of reasonable lével 6 toughiess wi Outsacriﬁqing strengths of
the order predicted by { e-#niegf 5. In general, an intermediate
value of the mterfaclal bﬂﬂdﬁﬁﬁﬁgﬂi d to optimize toughness, an
optimum fiber len alsuemts,, the value depending on the nature of the
fiber. : d e

The interface aay “tailored" to obtain a gradation in modulus

ﬁ'om the fiber to the matnx,an ence a more efficient transfer of

; such g Eﬁﬁ mﬁ?wmﬂﬁgapm and glass-
| ’T’J NYINY

It is appropriate to discuss Speciﬁcl molecular effects of rigid
inclusions (particulate or fibrous) on a matrix, in order to demonstrate
continuity between all types of reinforcements.




Table 2.2 Factors Contnibution to the Work of Fracture
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Type of work Symbel g Farm of energy dissipation
Fiber intarnal work T Fiber brtle fracture Stored elastic energy

s Fiber bending dunng pullout Flastic tlow during banding

i Fiber ductie fracture Fixstic {low and necking
Interface work in inatr Ymt ‘ Frctional skding or plastic shear

e Frictional sliding or plastic

Intertace and matrix work

Matrog internal work.

. ¢
QRIAINTUY

shear in matinx

Matrie surface energy and

fibar-matrix bond energy

Matr surface ensigy and plastic flow

Figure 2.3 Effect of glass-polymer interface on advancing crack. (A} adhesive
strength of bond equals cohesive strength of matrix. (B) Adhesive of

bond is much less than cohesive strength of matrix -
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2.1.5.1 Molecular Effects of Rigid Inclusions

It is generally recognized that this simple statement below is
inadequate, and that, probably in general, the interface between an
adhesive and adherent or substrate (matrix and reinforce-ment) should be
considered not as a singularity but as a layer or "interphase”. As shown
in Figure 2.4, a filler-matrix sy &IT '- be considered to possess a
region at the interphase wk ~ w,‘ o / _differ from those of the bulk
matrix. One mcy envisa n___;_: A pliehdiaefia which may be involved in
generation of a interphases iy of the substrate surface,
such that the adhesive (0L maifix) pene beyond the outer bounds
of the surface; ckh -{ ? | "terface, as may occur
due to selective ad ' R , an amine in an epoxy
system; other influeng cunng of thermosetting
resins; morphologi¢al #hafigés (induéed ‘at, an interphase with a
crystalline polymer diring solidificat : e presence of a coupling agent
or adhesion promoter, glc, ?sg, it substrate; and ordering
effects of various kinds, fposs : ealing effects or thermal
stress. Other effects may obscrved or postulated, such as
incomplete wettm au_; due to residue stress. Force
ative and long range

Fe-CarTs l-lo-n-" e

%

Figure 2.4 Scheme showing filler particle embedded in a matrix resin. Note
crosshatched “interphase region between bulk matrix and outer bound
bound of filler surface. Also note that filler surface may be porous or rough,
so that interphase bounds may include filler asperities, and that interphase
boundary is not sharp.
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2.1.5.2 Effi f Fillers on Relaxation Behavior and
Transitions

Tg is an extremely important parameter for determining
appropriate temperatures for use. Tg can be determined by the curve of
modulus as a function of temperature. As shown in Figure 2.5, the result
of mechanical reinforcement i P ise the modulus throughout from
glassy to rubbery states. In suqh change in relaxation behavior
of the matrix is mvulw the re vior is changed by the
filler, some degree of hori m@ a change in slope at the

transition would be o ]

A number of 4 szmNm (surface area 100
m2/g) reveal d Tes 'h Tg or other changes in relaxation
behavior.

While Tg of 2 appears. to be often increased by the
presence of a filler, the mag; ofthe € -_ does appear to depend on
the nature of the/ surfa tments are also important.

, iminates any elevation of Tg in

affect }' fillers. Glass beads
in an epoxy resin tead to slightly ow tempesatare of the low-lying B
transition (at abou corresponding to the motion of the glycidyl
group.(44-46) A _gimilar lowering was ohser%d in the cases of Al

powder(4)and carbon.. and graphite(8).  Jenness(49) reported a

endency ﬁ}iﬁ@%ﬁ el e as the voume

frantmn of was increased thcpresence of absorbed water, at
gk e Ktarain I8 on 3063 | gl
aksh : een obs some cases

b}r Yim'et al.(43)and attn'buted istence of an observed polymer

component (Figure 2.7).

Thus it appears that, as long as gﬁod bonding can be obtained
between a filler and a matrix, relation behavior can be significantly
affected. A filler may increase damping in the matrix for filled epoxy
resin(12) and polyethylme(zo). In general, damping is normally
greater when the matrix is in the rubbery state, regardless of the degree
of adhesion, perhaps due to the occurrence of frictional effects at the
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Figure 2.5 Scheme showlifig Sit
a function of tempe
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on relaxation Behag ymier B Ilicase of volume replacement
and stiffening wj llerin felaxationibehavior. (No attempt has
been made to il : £l such @8 transition broadening, enhanced

stiffening in the ks due to bound resin.)
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Figure 2.6 Effect of water (2.83 wt%) on damping in glass bead-epoxy systems (Vi = 0.3).
Note the appearance of a new peak at 0 °C in the presence of water: a shoulder
also has developed on the peak near 60 °C. Dashed line represents unfilled
polymer (wet)
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interface(30-51),  In the glassy state, a filler may increase damping
associated with the transition(48-49), perhaps due to the presence of
either excess resin or a separate gel phase at the interface. Generally,
lower, damping tends to be reduced for glassy matrices, as observed in
TiOp filled poly(vinyl acetate)(4), in silica- and carbon black-filled
SBR(50), in Carbon-filled epoxy resin for transition(48). This tendency is
certainly consistent with the existence of some kind of interphase due to
constraint by the filler.

ton B X 10°

TEMFERATURE , "K

Figure 2.7 Effect of "active” silica 1 oT (fraction) on Tg and tan & of (a) a siloxane

resin and olyethyle 57 additional peaks in these
in other GEESS, Such peaks -

2153 l

a nmmmﬂmmm S vivae fauscn

of the filler. However, a sigdificant interaction between the filler and
matix ahd] cdusy \%ﬁ‘ﬁibﬂﬂlﬁd W’%ﬁ%?ﬂ cted. The
incorpordtion of TiO2 i poly(vinyl acetate epoxy resin 1S an
example case that the ability of the matrix to sorb organic vapors was
lowered than predicted on the basis of simple additive(55).

Observed values of permeability may be expected to deviate from
predictions based on a simple two-component model of an
impermeable, noninteraction filler embedded on a permeable matrix. If an
interface exists, it may be more permeable than the matrix, as in some
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pigment paint films(36), or less permeable in several other filler-
polymer systems.

2.2 Literature Review of Natural Fiber as the Reinforcement in
Pol osites .

Last decade, the natur r as a reinforcement in polymer
composites has been the matter > number of published papers.
Recent works on the “study of ,’_ﬁber—polymer composites in
various apphcauuns are tisted below.

Belmares, ‘” k ‘m the natural fiber of the
North American cofifinef puilla(Agave  lechuguilla), have good
mechanical properiies "-;‘m 1eha cif petcem elongation and initial
modulus. Mechanicalropefties of lechugui a are good enough to use in
composite materials comipared to glass Later Belmares, H. et al.(58)
have introduced new ¢bmn sﬂts * natural fiber consisting of
1SB8 S Ath polyaster resin as a

th g vmyl alcohol), PVAIL, or
puly(wnyl acetate), PVAc, {0 exhance tensile pruperl:es
Guthie, J.T. 59)1us used wm-ﬁber nembranes and timber

to make " /various applications.
Polyethylene wa ‘used ' with wood fiber by a
laminated  technig but anical ﬂopemd:s was dropped

mgmﬁcanﬂy in wet condition. (6“) The,decline in the flexural properties of

paper-pol}'ol % could be markedly
reduced by agetylation or cross wil formal hyde on pulp. (61)

¢, bagasse-

jpasse- nlic. were
successﬁ:lly demonstrated on pilot mnfs in 3 developing countries,
Jamica, Ghana, and the Philippines reported by Usmani, A.M. et al. (62)
The composites provided good altemnative roofing primarily based on
materials indigenous to these countries.

Jute fiber also acts as reinforcement in polymer composites
presented by Murty, VM. et al.(3) Carbon black and silica were
introduced to the formulation of composite to promote adhesion between
fiber and rubber. Polyester reinforced with jute fiber was introduced by
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Wells, H. et al.(63). The composites having good mechanical were
prepared with high fiber content by compression of the mat containing
nonwoven jute fiber of a maximum length of 10 cm before the matrix
sets; the composition also contained mica flakes or powder. The
specimens had mean flexural strength of 11.0x103 psi and mean flexural
modulus of 0.85x106 psi.

Rubberized coconut hair ,;, many utilizations, had the most
significant use published by Fr /ﬁf (64) which is a random mat
coated with fire retard@djtwe émmd with synthetic and/or
natural latex, used in Packaging and upholstery industries. Modification
of coir fiber surface -- «deyelop. fire retar and mechanical

properties was success f /n: b;erw;%], C.(65). Firstly, coir
fiber surface was treafe f-_!Q.

-HCOH/ammenical AgNO3 solution
to activate its s -.—-H ed un the achvaled surface of

strength by about 25%fasfcor ~:E .; ykter reinforced with plain
coir fiber. Owolabi, O. & - have published the composites consist

of coir fiber and thermnsetunﬁ Sties: Coir fiber was treated by NaOH
and/or gamma~preled1atlun’tu improve ifs weitability to plastic matrix for
better mechanical | piopeitics— Compaisd-—iopia 1< coir fiber-reinforced

thermosetting plas' Cs ;
Polyesteramide’ polyols (PEAP) was' synthesized by melt
condensation us ,ff 4 amixture of alkanolamines, polyethylene glycols,

and icmbn:ﬁ gc@%%‘jﬂd Eeal ﬂ‘ljterfacml agent in

jutefepnxy and/ Jutefpolyester cumpos:tes respecuve y, as reported by

capaciti i eTE sed S
derivatives were suggested by Zadurech P. et al(4) to act as
coupling agent of cellulosic fiber and polymer composites due to the
good reactivity of trichloro-s-triazine[1] to cellulose(67). 2-Dially-amino-
4 6-dichloro-s-triazine[2] and methacrylic acid-3-((4,6-dichloro-s-triazine-
2-yl)aminopropyl) ester[3] were synthesized and treated to cellulosic
fiber(paper pulp), then the treated fiber was analyzed by Fourier-
transform infrared spectroscopy (FTIR), elemental analysis and electron
spectroscopy for chemical analyses(ESCA) to detect the chemical
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reactions on the surface. The papers(68) on an ESCA study of the
chemical reaction on the surface of cellulose fiber were published later to
show importance of a concept of the coupling reaction. Zadorecki, P. et
al.(4) again have studied the effect of cellulose fiber treatment on the
performance of cellulose-polyester composites. They found that the
coupling agents (2-octylamino-4,6-dichloro-s-triazine[4], [3] and [2]) had
a significant impact to cause pes of fiber treatment to decreased
water absorption and the

/ 9f ,mechanical properties in wet
conditions. - .///
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