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Good filler dispersion In a polymer resin |5 cruclal for
achieving performance. Main focus of this study is the
effect of dispersion of various fillers in epoxy resin to
produce radiation hardened plastic packaging which
can be used as a shielding against a high frequency
radlation attack. High-frequency rays have tendency to
intrudle in the resin and polymer especially are guite
vilnerable to be penetrated by high-frequency rays
which may create an early degradation of product.
Hence, stabilizers are also used which can absorb the
high-frequency radiation and save the material from
early degradation. However, particular fillers are also
required that can unifermly disperse in the resin and
create a film which can provide exitra protection
against high-frequency radiation attack. Three types of
compositions are prepared using epoxy/graphite,
cpoxyl/lead, and epoxy/boron nitride nanopowder
Scanning Electron Microscope (SEM) images are used
to study dispersion in resin, Small batches using grav-
ity casting method at laboratory using compatibilizers
are prepared to carry out experiments. Results of lin-
=zar absorption coefficient carried out using Am-Be
neutron source are also discussed in the paper. POLYM.
COMPQS., MEODC=000, 2013, © 2013 Society of Plasfics
Enginears

INTRODUCTION

Compesiles we engineering materials made from nw
or e constilients with sigoibicantly different physical
o chemel properies which remain sepacate and distinet
o g maerescopic level within the finisled structure, Most
ol 1he composites e made up of just tweo materuls, One
rterial (the matrix or  hinder)  swrounds and  binds
twgether o cluster of fibers or fugments of o much stron-
ger matzeal (the ranforcement), For the matrix, many
modern composiles use thermosetting or thermoplastic
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polymers Calse called résins). The plastics hold the rein-
forcement tugether and help o determine the physical
properties of (e end product 1],

Based on the form of reinforcement, common composite
matteriils can be clussified as follows [2—4]: (1) Fiber
ishort and Jong) remloreed composites; (2) particle (flukes,
beads, spheres, needles, and trrezular) reinforced  compo-
sites; (3) gas reinforced composites (foums). Although
glass Nibers are by far the mest common ranforcement,
many advanced composites now use fine fibers of pure
cirbon or graphite.

An importunt property of composites s the possibility
of planning structure 10 purpose 10 oblun established
charactenistics, In effect, composite mafeduls are com-
maonly applicd in modern echnology. One of the larges:
arcas of application for polymers, polymer blends, and
composites on thewr busis ure electronic and electrical
industrics. Pure polyvmers are gencrally electrical insuli-
lors in mature; so they are applied as electrically insulat-
tng muterials, Polymers contain o very lew concenfration
of free charge carricrs, and thos they are nencondoctive
und transparent W oelectromagnetic rdintion. For that rea-
son, they ure not capable for being used as enclosures fof™
electromic equipment as they cannot shield it from outside
radintion or prevent the escape of radiation from the com-
ponent. They also cannet provide protection against elec-
trostatic  discharge o handhing  sensiive  electrome
devices. These dmwbacks have led o this research

In the present work, suthors huve selected epoxy resin
inoview of s pood mechanical thermal and corresion
resistance propertics [3] and prepured 1ts three differsm
composites using three different fillers; graphite [6]; lead
[7], and boron nitride nanopowder [8] separately,

These materials have application in aieerafl, sutomo-
tive ndustry, spuce equipment, marine eguipment, and
many others [9, 10].

CGravity casting method is one of the methods relying
oo gravity without applying pressure, [ s possible o



pravluee spatial distribution of component materials by
casting step-by-step [11],

Gioed fillers dispersion in o pelymer resin is coucial o
dchieving performance, Oprical and scanning electronic
microscopy echnologies dee the most common togls to
mivestigate dispersion i varions fonns of sumples,

irmng sedmmentation in a column, diferenees in the
particle velocity cavsed by different density or siee of the
posviler prarticles lead to demixing of the different particle
tepes. I sedimentation oeeurs oo liguid column free of
padicles, u grodient with @ continuous increase or decrease
ol the concentration of one particle tvpe will be formed. I
the sediment is direcily formed fronn thw suspension, a
complicatel tmmsition function is retained. The Bollom
luywr will stll have the avernge composition of the suspen-
sion followed by an inerease of demixing, and the top of
the sediment conmabns only the powder friction with the
lowizst sedimuentation velocry [12]

Few cxperiments are carried oot and SEM images are
taken 1o stody dispersion in resin. Then, its effect on
absorption coefticient is studicd,

EXPERIMENTAL

Susgly Peepraation

Methwdology,  Very small batches using gravity casting
methud at our laboratery are prepared with different sizes
uf fillers using companbilizers o carry oul experiments,
andd an exhaustive literdture review 15 also been done to
understund the effect especially on rdiation resstance of
wsmple. On the busis of research results, the specimen
thickness wis determined (3 mm).

When Blless re added into the resing viscosine and
rievlogy propedies of epoxy also play o vital role in dis-
persion of fillers, There are chunces of uneven distribu-
ten of fillers i the resin and which muy create clusters
ol repiens, where [ew clusters ore dense amd few are ot
i somwe regions may keep vacant space of fillers.

High-frequency nuvs have the tendency 1o inuds in
the wesin, doed polymers especially are gueite vulnerable w
be penetrated by high-frequency mays which may create
an early degradation of product, These phenomena can be
mhibited or slewed down by medifying polymers using
sullshle stubilizers, oo save the materml particularly in
figh freyuencies of radistion from early dearudation [13],
However, particilar fillers are also required that can uni-
formly disperse in the resin and creute a {ilm which can
provide extra protection against high-frequency radiation
attach

In this research work, graphite powder, lead powder,
ard bevon minde: panopowder are used.

The thermosctting matris ased an thes sty wos
Bisphenol A based unmedified epoxy resin cured sl reom
temperiiune with S0% by weight of hardener. The density
of the epoxy resin was 1200 glem’. Giraphite  powder
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FIG 1. Expenimentzl setup,

was used as the filler. The density of graphite was (0,30
glem’, fead 1134 g/em’, and boron pitride nanopowder
2.1 gm/em’.

Sample  Fabrication. The specimens  were  obtained
using gravity casting methods, which is one of the technol-
ogies relyving on gravity without applyving pressure. It is
passible with 1his method 1o produce one-dimensional gra-
dient of componemt materials content in liguid mutrix, The
gradient is retained after matrix solidification. Due to sedi-
mentation process, the highest filler content is expected in
the lowest sample layer. The procedure of sumples prepa-
ration is shown schematically in Fig. 1. Specimens were
castointo our own designed steel frame, Cavity of he
mould has the following dimensions: length — 300 mm,
width — 300 mm, and depth — 3 mm (Fie D [

Frocedure, Epoxy resin, lillers, und stsbilizers were
commercial grade und vsed without any modificutions,
Epoxy resin was twken in beaker and stirred with very
fow spoed (appross 30010040 rpm) W aveud bubble crea-
o, Diluted stubilizers were tuken in suitable selvent and
scdded into resin, Then, 3 wi%e dry powders were added
tfillery 10 resin under mild stirring conditions, sufficient
to et oot the surfuce and create o homogeneous mix-
ture at room lemperature. Continuous stirning 15 advisable.
Then, bardencr (530 wi%) 15 added ntoe the mixture and
again stirred for 1) min to create homogeneous mixture,
The curing time depends vpon the amount of hardener
added, Now the mixture 15 poured very slowly into the
frame fabricated o ger sheet. The sheet 15 postoursd ok
S0°C in the oven for 24 hours, The fillers (3%, primary
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TABLE 1. Linesr whsomption coelficient of developed compotiies
Sstermul pfem
By lesd 14,3057
FpoayBNNP 1357
Hpoxyrraphite 0,359
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SEM  wnmages for (A) epoxy + graphile,

(B epoxy+lesd, snd (C) epoxy & boron  nitride

stabilizer (0.3%), and secondary stabilizer (0.15%) were
taken by weight. Care was faken for uniform dispersion
of fillers into resin,

Control of Viscosity, Dispersed fillers have high surfice
area, and hence the viscosity of the mixture will increase:
Filler londing of 3% wibwt can usually be achieved without
exceeding most system capabilities. 1T viscosity craates o
problem, there are two options for controlling it

l. Increase agitation. Fillen'resin mixtures ane thisotrapic; 1F
shear is inereased, the viscosity will decrease,

2, Additional selvent can beoadded to bring down viscosity,
with no effect un dispersability.

Experiment for Lincar Afsurption Coefficient

Tu find linear absorption coefficient for neutrons, experi-
ment was carried vsing Am-Be neutron source of strength
~3 # W7 nfs, Neutrons were thennalized by 3 em thick
High Density Polyethylene (HDPE) sheet kept in between
source und given sample material as shown in Fig. 2.
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Transmitted neutrons were detected by Gold (Aud) foils
ising pedtron activation fechnigue, In this technique, Au
fuil s activated by .-"'su"r'r[:r,*ypiu"m reiction due W neo-
tron interaclion. Activited foil is connted for mduced 412
kel gimmas using well-calibrated high purity germanium
(HPGe) detector. The Toil wetivity production of Aulys
wis estimited by Eq. [,

{.
PARIE™ Frriget =R | — gt dal) t

where € a5 net wounts i pholopeak, & 15 decay constiant
ol danghter nuclide, £, 15 photopeak efficiency of gamma
rity, 4o 15 mammi abondance, £ s cooling time, and 1, 15
mgiiement time,

Thicknesses of materials were 3, 6, 9, 12, and 15 mm, For
cich thickness, Au™ production was estimated, Au"™ pro-
duction without smnple material was also estimated. For
cich shot, foils were irradinted and counted For 900 seconds.

Linear absorption coefficien) was found by fg. 2

I {fpfl] = X (23

where J, 15 Au™ production withowt absorber mate-
rral, /15 Au'™ production with absorber material of thick-
ness A, and poas fincar obsorption coefficient Tor the
shsorbing material,

RESULTS AND DISCUSSION

Macroscopi Chservarions (SEM )

SEM images were acquired on a Mode] LEO 4401 ar a
vhainmber pressure of 50 Pao Electron beam of 20 kY was
vsedd or scunning to mundmize any  possible charging
eifect. The regions of low pixel intensity are atributed o
regpons composed of polymer resin,

In first composition, the morphelogy of the sample
shoews the granular nature of the sample. As graphite
porwiler 15 black in color, the dispersion is not so visible
although the reflections of light on particles show the uni-
[orm distnbution of fillers (see Fig, 3A).

I the second composition, morphology of the sample
slivw's i very clear dispersion of particles; as lead is g
metal, Hzht luminates the particles and shows uniformity
i dispersion (see Fig, 38

In third composition. the morphology of the sample
shows {1l woppgraphy and the best umiormity amongsl
all the three samples. As boron nitrde is the nanopowder,
the dispersion pattern is the best (see Fig, 3C).

Linear Absourpnon Coclficiem

The points are ploned between Inidy ) and thickness
X (refer Tuble 1) and B is g straight line; slope of tlus
graph paves the hoear sbsorption coeflivien (See Fio, 4)

Luoking 1o the resalts, it s observed it the absorp-
Lo cocheieol of lemd 15 less than the other two fillers
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anel graphite bhas the maximum  sbsorption  coefficient
amongst all the three {illers.

CONCLUSIONS

Best dispersion is observed in the Graphite, Boron and
Lesd sample respectively, Over all dispersion in all sam-
ples are uniform which 15 necessary o restrict radiation to
be passed throwgh, Results of Lincar absorption co cffi-
cient i5 as per shown in the graph | (see Figure 4),
Finully we may conelude that, Graphite/Bpoxy has the
best Linear Absorption co efficient,
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