1.1 Reinforced Plastics

Reinforced 5L« ok ‘ of. . fibers . and
polymericbinders or( site material, The

strongest geometry ,'is as a wire, a fiber,

or a wisker, ie determined by the
defects it contains 7_ ﬂ_ ‘diseontinuity, etc. and the
magnitude of their i i ) "‘ 7 nds upon their absolute
size. Thus if a fine : ‘be drawn or grown from a
material, any defect '- t be ery small ¢ the material
will be stronger when pul led, ha : y limited structural utility
by themselves. They W’;{é‘é’ﬁy" e ly if they are small in
diameter, and wher ad oy ____‘ kieunder very low forces.

To remedy thesmn is required,

surrounding each {-‘1ber~, separatlng it {-‘r" it neighbors, and
stabilizing ﬁ %ﬂ re the functions
of the mtrlaﬂﬁ TLELVE i¥l ﬁiﬁj adhesion exists
between the two. If the fiber-flatrix inteSaction is mechanical
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componen*bs are underutilized.

Adhesion requires intimate contact, on the scale of a few

hundred picometers (10 '?

m), over large surface areas. The best
practical way to achieve this is by rendering one component a
liquid, having it completely wet the surface of the other, and then
solidifying it after the contact has been es’oabli.shed. Polymerization

readily makes the liquid-solid phase cha‘ngev, and does not require



much energy or elaborate processing to do such an intimate contact.
Many thermoplastic polymers melt in the range of 150 - 250 ‘¢ without
large input of heat, and they readily solidify upon cooling. During
the molten stage, even though their viscosity may be high, they are
liquids and they posses the ability to wet most surfaces so that their

adhesion potential is readily available., The thermosetting polymers

pass through a liquid phas; b lodestime in their life, while they

are being polymerized _';1h‘u 0S! into heat-infusible form.

RhaSE he@is@ very low, however, they
MCS, encapsulating every

alysis on mild heating

During their liquid
can easily infiltra
fiber; once this i

is quite straightf

The combina s ,',_f i 1_ synthetic polymers to
form reinforced plas 4_ ives from several basic

considerations ciencel. the inherent strength of fine

fibers, the 'ad esion, and the ease of the

liquid-solid phase chaa‘ég'ﬂ 3 4¢ polymers. These and other

factors are = rapid growth 1in the

production of re,i\:ﬁx : :
per year for ma years and which has shown
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1.2 Relnforceme it
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elnForcements ordinarily are natural or synthetic fibers that

sziveraged about 10-12 %

o signs of lessening,

are chosen to improve specific physical, chemical, or thermal
properties to the reinforced plastics. The reinforcement may be used
as continuous filaments or as chopped fibers. Reinforcing fibers are
related on the basis of their physical properties and thermal

stability, depending on the desired end use of the final composite.

Many different fibers and wires are used as reinforcements.
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The choice of reinforcement depends on the required properties of the
product. The strength-to-weight ratio of the reinforced plastics is
attributed largely to the nature of the reinforcements. The matrix
material or resin, though not in itself proving much strength, is
essential, for it serves to bond the reinforcements together and

transmits the load to the reinforcing fibers.

1.2.1 Glass fibem

Glass. : 7. ne ‘_q strongest reinforcements
available in larges v :'fi a vely low in density,
inexpensive, stif : . T l:;” - airly submissive to
textile-manufacturin E f some modifications in
composition. It is ay@i .n.,ﬁ “;{Q c ;laments, fabrics, mats,
or chopped fibers. nded to most of the

thermosetting resins sel A e present time, continuous-

filament glass-fiber i ;Wf'a- o et reinforcement for
£ilament-wound products.m%$¢§?¢q?-’ strength and good thermal
stability up k¢ relatively high te mpery ature About 10% of all.

reinforced plast 5% of all reinforced

| i ol
plastics incorporat:aglass as fibers, flakes, “beads, etc.(1)
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in many orms. Cotton, Jjute, hemp, sisal, coir and bagasses from sugar
cane provide economical comparatively long fibers with attractive

properties of stiffness, strength, low specific gravity, and

resistance to handling damage. Cellulose is the reinforcing fiber

found in vegetation. In its crystalline form, it is the backbone of
wood fibers and of various natural textile fibers. Although it is
the most widely occuring reinforcement, the exact details of +the

chemical growth process, which 1links sugar molecules by oxysgen



bridges and forms cellulose are uncertain (2). Because reactants have
to be transported in solution to the growth sites in the cell walls,
; the natural fiber structure are tubular, usually a few micrometers.
The tube walls consist, a greater or lesser extent of cellulose

crystallites, depending on the plant.

1.2.3 Carbon fiber .

Carbon from polyacrylonitrile

fibers or ...pikch oxidized and stretched
at the same time ;'»=ve to be held under
tension during the negative coefficient of

thermal expansion

e
1-2-4 BOI‘OTl 4l l,—‘;l-f_'{ }"l

ximately eight times the
strength the of: = % less dense; their modulus is

nearly twice of oréperties offer great

advantages i aipcraft-structure appllcat.Jns, the outlook for

producing bor {i im ﬁ% EI is ncipromisimg and the
development {-‘ c E EI ﬂ ']Q interest in boron
fibers.
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.z 5 Aramid fiber

Aramid fibers 6??er attractive strength, stiffness,
and density properties and a high degree of toughness. They are
marketed under trade name Kevlar (Du Pont). They are made by treating
poly(p-phenylene terephthalamide) with strong acid and extruding the

resulting fibers from spinnerates._



Table I Mechanical Properties of Reinforced Fibres.

Fibres Tensile strength Elongation Price
ks{f‘/cmz percent dollars/metricton
Sisal 5166 ‘Al z.éo 360
Palm AW ////.30 264
. Jute ‘ ======9. 297
‘Glass : 3250

. TABLE | cus

Mature '

Organic matter.—

‘Mineral matted,l@sh) v 3
Water—soluble sxﬁan es (ws) : : 82
Pectin ‘ e B | 3.0
Pectin (as per cedt eof total ws) = 25,8 18.9 577

“*m*f&i;lﬂ’”’lﬂﬂ‘jﬂﬁ’lﬂ‘i

Hemi
per cent of total v?)

ﬂ’lﬂ"’lﬂﬁ’ T3 tu Nﬁ'ﬂ Vel ﬁﬁl

fgnm (as per cent of total wu) '48.3
Cellulose ; . 36.1 32.9: - 43.4
Cellulose (as per cent of total wi) ~ 42.7 <01 392 45.8 |

Mineral elements : ; ‘ ; o ;
K Th o 0.02

P ; i Sl

Ca it § R S dos
Mg il e b e 0.04
Nitrogen (a; N) i 0.35

Protein (N x 6.25) . : : : : b 2.2



1.3 Resins

The major thermosetting plastics wused with the glass
composites are polyester, phenolic, and epoxy resins. The general
properties, uses, and limitations of +the common thermosetting resins

used in reinforced plastics are summarized iri Table 111 (1).

‘able i Characterist ; ‘Thermosetting Resins

Resins .Ch : - : Limitations

good electricg
dimepsgions
chemical
; sistan
epoxy -good ‘electrigal propertics;: printed- o b require heat curing for
i : 'cl-:emx ey 7ing, filament windis © maximum perform-
! 2 ‘ hig eng = L ™  ance -
melamine- °  good electries ies ! -de :
formaldehyde® ~ chemical a
) sista ¥ . 5 .
low cost; ghe 'df.:l'#;; ral=~diverse mechan- dissolve in caustic un-
tance; YO0 elect-l;’_‘ onl eleet: appli- less specially treated
properties; fheat = 1S : :
tance; nonil:
can be used
400°F ~

. diallyl phthalate
polymer .

phenolic

degraded by strong oxi-

dizers, aromatic sol-
tanks —and prome «&i vents, concentrated
caushc

polyester
silicone (q'v)b :

Mﬁmﬂg NYNTWEIANG wwerte rest.

These include nylon, polystgpene, po ethylene, olypropylene,
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1.4 Coupling agent

The concept of coupling agents is well known in the field of
reinforced and Filled plastics. Their main Fupction is to overcome
incompatibility between two phases. A coupling agent, usually a
bifunctional molecule, is capable of forming covalent bonds with both

the organic plastic matrix and the Fiber or filler. The bonds across



the interbhase between the plastic matrix and the reinforcement

achieved via the coupling agent provide good adhesion (3). Coupling
agents have three main effects in resin composites as follows:

1. longer retention of strength under wet conditions,

2. increased flexural strength,

3. increased tensile strength (much rarer)

F—*wﬂuﬁ’a AHATHEANN e, en s

stress in cqu051tes.
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1.5 Products and Processes

The hand lay-up process is the oldest and simplest

method for making glass fiber-reinforced parts. Male or female molds

can be made of easily worked materials such as wood, plaster, or



8

reinforced plastics. In hand lay-up, resin and reinforcements in the
form of fabric, woven roving or mat are simply piaced in the mold
manually. Entrapped air is then removed with squeezer or serated metal
rollers. Successive layers of reinforcement and resin can be added +to
build the part to the desired thickness. If a smooth colored surface
is required, a pigmented material (called a gel coat) can be sprayed

on the mold before lay—-up.

1 hardware are made in

heated matched me )r mold Mouhtad, in hydraulic presses

moderate heat and pfes | 4 §120=175:°ch ¢ 3.8 MPa (500-1200 psi))
for c¢ycles ranging . molded piece 1is removed
hot and allowed to air ;’go ng further operations such
as trimming, assembly _gp,ﬂ#&ﬁﬂ' e quality of the product is
fairly consiste ~7>= 3 ssembly work norms l-40 metal practice can
be avoided, and di : W \ than for sheet-metal
stamping or me’an die casting. Thus shor-’oﬂ production runs are
economical and_ more d@l:gn flexibility and variety can be achieved.
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1.5.3 F:lament Winding
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Pipes, tubes, and cylindrical tanks are made by a

process known as filament winding. A mandrel or form is rotated about
one axis as continuous yarn or roving which passes through a bath of
liquid resin is wet-wound on it, usually in complex patterns
controlled by automated machinery. Once the required wall thickness is
reached, heat curing in autoclaves, ovens or by heating the mandrel is
begun. Because the reinforcement. is continuous and its orientation

subject to close control, very efficient structures can be produced



consistently by this method, and in the case of smooth-bore pipes, the
process can be continuous. Once cured, the pipe is removed from the
metal mandrel and cut into proper lengths. Mandrels for tanks and
pressure bottles often are inflatable, soluble or collapsible, so
they can be removed through end ports. Pipe production for oil
fields, the chemical processing industry, water distribution, and

ge volumes, in diameters from
: ;’; tresy fittings also can be

sewage disposal @ has reached

several centimeters +to

orced thermoplastics
compete directly with die~ {-_{f'_‘ n _ hardware and automotive
parts. Higher | ‘ : eight, and assembly
simplification are t g s. The fiber stiffen and
allow higher operating te —T_i!-‘ vffh . however, the flow patterns
of the molten materiaL;;ﬁi%iﬁ_ e/ ~mo] cavity cause significant

orientation of the fibers and the resulted l¢ lized anisotropy can

adversely affec ¥pansion properties.

Considerable-skillsElre required of the mold vjsigner and the machine

operator. 'rﬁuse of fibdkireinforced thermoplastic scrap
material Frﬁ u&q m\g u@ wﬂ qla ﬁpr‘esen‘os problems
that can lmpalr the overally efficiengy of mater utilization.
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segment aF the entire composxtes family.

1.5.5 Miscellaneous

The four processing techniques that have been mentioned
are the dominant ones in use today: hand lay-up/spray-upj; matched
metal die molding (including flat-press laminating)j; filament winding;

and injection molding. However, there are many others that may be
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variations of the above or are themselves distinctive. For example,
vacuum-bag techniques can be used to help remove air from hand lay-up
and to provide modest positive pressure on large, low cost molds too
bulky for mechanical pressing. Better quality composites result from
the reduction in void content and from the superior impregnatién of

fiber bundles by liquid-matrix resin.

1.6 Natural Fiber Rei

Several attg.'!gﬂﬂﬂﬂfi de. & A ise naturally occurring

plant fibers (for_

as reinforcement in
composites. (4). Howe ' -5 .  i ations deal with laminates
fabricated with Jjut 4 e, A nica propertiés of Jjute
composites are ¢ge ' ute fibers have been
considered for use lass-reinforced plastics
(5,6). The major probl dth the application of natural
fibers as reinforcement fgpé resins are:
(a) abSM;;wn' of moisture by fibers, :
th): poor"
weak terfacial bonding betwjnh natural fiber and

anmerm'!lhavallable anic matrix resins such as
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detailedistudies of surface modification of natural fibers. Cellulose
fibers treated with different coupling agents based on 2,4,6-trichloro
-1,3,5-triazine have been evaluated for their reinforcement effects on
unsaturated polyester. The treatment with coupling agent containing
double bonds resulted in the formation of covalent bonds between

fiber and matrix.

Usmani and his colleges (9) used bagasse for different



1t

composite materials on the basis of phenolic resin, rubber, or
thermoplastic binders. Bagasse can be grafted with acrylonitrile

before bringing it in composites.,

Coconut fiber (coconut hair, or coir) is produced in the order

of 5 million tons per year in the tropical countries of the world (10).
Besides the conventional ut'_ : of coir for mats,  rugs, carpets,
and ropes, a signif‘ican’o unt; %f r "rubberized coconut hair',

used as upholstery - r : s been used in plastic

Owolabi and _ ti ,5'1}5 ' : d short cut coconut hair
as reinforcement i ; materials. Thermosetting
plastic composites nol-formaldehyde resins
as well as unsaturat nd coconut hair as fiber
reinforcement. Using. es:‘%;‘ : l1-formaldehyde resins, is

one kind of phenol—?or_%

0’ utilise bristle coir

¢

rein

~The aim

‘ |

ce modification for

fibers with surf cement of unsaturated

polyester r Srder to impréve adhes:on: the coir fibers were

ﬂ" TRRX kK Tt ek

triazine. Thls coupling agent was synt sized by th hurston Method

o AR MRS AU AT VR o

spectroﬂeter, NMR spectrometer and elemental analysis.

4,6—-dichloro—-1,3,5~

The mechanical properties of composites of unsaturated

polyester and treated fibers were investigated.
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