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ABSTRACT

Performance of chemical resistance of weave glassfiber reel (WGFR) rein-
forced clay/polyester nanocomposites were fabricated to assess the influ-
ence of modified MMT (i.e.montmorillonite) clay. Research focused on two
systems namely (a)polyester filled with clay and (b)reinforced with WGFR/
polyester filled with clay are studied at different clay loadingsO, 2, 3,5, & 12
wt. % respectively. The nanoclay was dispersed by high speed mechanical
shearing with theaid of thein situ polymerization. A 9 vol. % of weave glass
fiber cut in to 20 mm length to prepare composites by hand lay-up method.
All the sampl es were pre-weighed and dipped in the chemicals about 24 hrs
and again weighed to find out change in %age of loss/gain of the samples.
Nanocomposites exhibited good resistance to attack of all chemicals except
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sodium carbonate.

INTRODUCTION

Polymer nanocompositeshave been anareaof in-
tense industrial and academic research for the past
20years. What differentiates nanocomposite materids
from classical compositesisthe degreeof control of
fabrication, processing and performancethat can be
achieved nearly down to the atomic scale. Improved
properties as compared to the pure polymer or con-
ventional particul ate compositesarereported for poly-
mer nanocomposites containing substantialy lessfiller
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typicaly (1-5vol. %) and thus greater retention of the
inherent processability of resini*3. Permeability of wa
ter, oxygen and other gases of the nanoclay composites
a o decreased making these compositesided for build-
ing advanced compositefud tanksfor tomorrow’sre-
usablelaunchvehides Timmermanet a.® dearly dem-
onstrated that number of transverse cracking of carbon
fiber/epoxy laminates as aresponseto cryogenic cy-
clingwassignificantly reduced when nanofillerswere
used. Epoxy isahigh performancewhich can be prom-
isesto beimproving mechanica and thermal properties
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for making high performance nanocompositeswhich
need three main factors are to be considered namely
aspect ratio of filler, bonding between fiber and matrix
and wettability of fiberg*. Very littlereportswere docu-
mented on chemica resistance of nanocompositesthan
composites>1,

In this study, we produced nanocomposites that
areresistanceto attack with the chemicalsto usein
chemical industries, aerospace and marine applica-
tions. In thisresearch reinforced WGFR/ pol yester/
nanocomposites are cut based on the ASTM stan-
dards pre-weighed with electrical balancing machine
and dipped into the chemical sabout 24hrsand again
removed and cleaned with tissue paper weighed again
inorder to study behavior of nanocomposite subjected
tochemicals.

MATERIALSAND METHODS

Materials

Montmorilloniteclay (Product No: 682659; Brand:
Aldrich, Product name: Nanoclay, hydrophilic bento-
nite, Formula: H2AI206S; Molecular weight: 180.1g/
mol; Appearance (Color): Conformsto Requirements
Light Tanto Brown; A ppearance (Form): Powder; Loss
ondrying: =18.0%; Dengty: 600-1100kg/m?; Bulk den-
sty: Avg. particlesize: =25mocron) supplied by Sigma-
Aldrich ChemicadsPvt. Limited, Bangdore, IndiaCom-
mercially available polyester/catal yst/accel erator sup-
plied by HUNTSMAN Ciba-Geigy IndiaLtd Com-
pany. Weave Glassfiber red was (density: 300g/ m?)
obtained from Saint Gobain IndustriesLtd., Bangdore.

Nanocomposite manufacturing

A glassmould with required dimensionswas used
for making sampleon par withASTM standardsand it
was coated with mould rel easing agent enabling to easy
remova of thesample. A 9vol. % of weaveglassfiber
redl wasdismantled and cut with sharp scissorsinto 20
mm length were used to prepare composites. Theresin/
catalyst/accel erator aretakenintheratio of 10:2:2 parts
by weight respectively. Clay ismixedwith gtipul ated quan-
tity of resn based ontheaforementionedratioismixed
thoroughly with mechanica shear mixingfor about 1hr at
ambient temperature conditions. Then pre-cal culated
amount of catdyst and acceerator weremixed and stirred
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for 20 min before poring into themould. Hand-lay up
technique was used to impregnate the composite struc-
tures. In thistechnique aglassfiber werewetted by a
thinlayer of day/palyester sugpensoninamould. Stacking
of glassfiber wasarranged by side by sidedl over the
mould®. Stacking of glassfiber carefully arranged after
pouring someamount of resin against themould to keep
the poor impregnation at bay. Rest of the quantity of
mixturewas poured over theglassfiber. Brushandroller
were used to impregnate fiber. The closed mold was

TABLE 1: Effect of chemicalson weight of neat polyester
matrix and nanocompositesat % changein weight after dip-
pingfor 24hr.

Chemical poll\:/ﬁer cygﬁ rl1: aifcﬂ%ﬁgtl e
Hydrochloric acid +1.217 +0.873
Acetic acid +1.282 +0.241
Nitric acid +2.459 +1.678
Sodium hydroxide +1.123 +0.568
Sodium Carbonate -0.235 -0.245
ﬁ%rpgxr:'(;*g" +0.919 +0.767
Benzene +2.380 +10.426
Toluene +2.479 +4.810
Carbon tetrachloride +2.941 +2.145
Distilled water +1.630 +1.023

kept under pressurefor 24 hrsat room temperature. To
ensure complete curing the composite sampleswere post
cured at 70°C for 1 hr and the test specimens of the
required sizewere cut out from the shest.

Chemical resistance test

To study the chemical resistance of the
nanocomposites, thetest method ASTM D 543-871°
wasemployed. Threeacids, threealkalisand four sol-
vents were used for this purpose. Acetic acid, nitric
acid, hydrochloric acid, ammonium hydroxide, ague-
ous sodium carbonate, agueous sodium hydroxide, car-
bon tetrachl oride, benzene, toluene, and distilled water
were used after purification. In each case, the samples
(5mmx 5mmx 3mm) werepre-weighedinaprecison
el ectrical balance and dipped in the respective chemi-
cal reagentsfor 24 hrs. They werethen removed and
immediately washed in distilled water and dried by
pressing them on both sideswith afilter paper at room
temperature as described elsewhere”. The treated
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sampleswerethen re-wel ghed and the percentageloss/
gain wasdetermined using the equation:
% weight lossor _ Original weight - Final weight x
gain of thesample Original weight

CONCLUSIONS
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Reinforced with WGFR/polyester/clay/
nanocomposites were devel oped to measure chemi-
cal resistance of samples using ASTM D 543-87
method®. TABLE 1 witness nanocompositesrespond
well inthe presence of chemicalsgainslessweightin
contrast with pure epoxy matrix. In each case, ten
pre-weighed samplesare dipped in thechemicalsun-
der study for 24hr, removed and washed thoroughly
indistilled and dried immediately by pressing between
filter papers. Itisevident that weight isincreased for
matrix after immersion. Thisisunderstandableasthe
matrix iswell crosslinked and asaresult swelling takes
placeinstead of dissolution. These nanocomposites
proved to be good resistance to attack on chemicals
except sodium carbonate.
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