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ABSTRACT

The present study is involved in investigating the flammability behavior of polyurethane foam cored E-glass
reinforced vinylester sandwich composites. As fire is a major safety hazard for civil, commercial and transport
systems, the objective of the work is to establish a complete assessment of properties pertaining to the heating and
burning characteristics of these materials under fire. An attempt has been made to find the behavior of the wide
range of sandwich specimens with varying core density and fibre architecture through its decomposition while at
their burn. The composites burn primarily from the combustion of its resin material and burnsin a manner similar
to a charring material. The procedure involved in the test is to ignite the specimen with a pilot flame in horizontal
and vertical positions. It is observed that, the burnt resin is forced out of the fiber pores, and burn pressure causes
the material to swell over its original volume. Cracks are formed on the surface of core material and low density
foam cores are found to be bending while burning. As the burning rate drops, extinction naturally occurs due to
insufficient heating which is due to degasification of core.
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INTRODUCTION

Polymer sandwich composites find extensive apptioat in diversified fields like aerospace, autonmbi
infrastructure and marine due to their high strertgt weight ratio, impact/damage resistance, fatiggsistance,
thermal insulation and sound deadening properfigsA typical sandwich structure comprising of twbff face

sheets on either sides bonded by a flexible coestes a synergistic structural configuration inicvhthe face
sheets provide bending stiffness and the core amf@rovides shear rigidity and buckling resistaridee use of
sandwich composites in transportation and infrastine building has become more prevalent in recectdes.
Sandwich structures are being considered for thppéications because of weight saving, lower comsibn cost
and improved lifecycle cost. Along with the impravents to materials, construction methods and agujics;

comes an increased responsibility to ensure treiesys are safe for their occupants and crew. Theaghwich
composites are designed to have required structesplonse with respect to strength or deflectioren normal
operating conditions, their structural performadegrade rapidly at the elevated temperatures agthiduring fire
[2, 3]. Fire safety is one part of the overall $pfeoncerns, but that is not well understood wilgard to how
composite materials behave under fire conditionestMinprotected sandwich structures ignite aftehat time

when exposed to fire due to the high flammabilityh@ polymer in the face sheets and polymeric foane.
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A large amount of research has been performed acacterize the fire properties of the compositeemals, but
only few works on sandwich composites. Polymer cositps have long been weighed down by the problenigh
flammability and poor fire resistance. This is ajonaproblem encountered in composite materials uised
applications such as aircraft cabins, ship dedksmsrines, rail carriages etc., where they areerabie to fire [4-
7]. Most composite materials ignite early when esqabto hot fire and large amount of heat, smokefames are
released. Mechanical properties of the composieseverely degraded by fire [8-12]. Fire studi@gehshown that
mechanical properties of burnt region in composées much lower than original properties mainly doe
combustion of resin and thermal decomposition. Ba\studies on the fire behavior of composites retvawn that
softening of fibre reinforcement, thermal softeningeep and decomposition of matrix degrade thesileen
properties, where as matrix softening and delanunatracking reduce the compressive strength pti@sdil 3-15].
Hence stringent regulations are enforced for the efssandwich composites in aircrafts, ship, sulimearand
bridge structures for better fire performance.hé tomposite materials can be made to withstaedainbiance
without contributing significantly to the fire, thean acceptable level of safety can be achievedewncases,
insulation can help to reduce the hazards assdciaith composite materials exposed to fire, buthardaugh
understanding about their burning behavior is d&sdrefore improvements are made. As comparedaodysome
composites behave very well with regard to ignitaord flame spread. These properties depend primamilthe
type of resin used in the composite. The hazarslscéted with smoke and toxic products of burnitasiics are
also a major concern for passengers. Hence thetlgeof the present work is to study the effectbafning on
different density PU foam cored sandwich compositége materials were tested in ambient conditidhaterial
properties of sandwich composites such as ignitghil vertical and horizontal positions, weighstoand smoke
formation under fire are discussed and reported.

MATERIALS AND METHODS

2.1 Materials

The sandwich specimens used in the present strdprise of four different grades of E-glass fabfmispplied by
Vetrotex /Saint Gobian, India) in vinyl ester resinpplied by Ecmas, Hyderabad and five varied tiessof
polyurethane foam (PUF) core supplied by polynaians Pvt. Ltd. Bangalore. The sandwich specimea $aeet
is synthesized using 2% Cobalt Octate accelerdttathyl Ether Ketone Peroxide (MEKP), Di Methyl é&tamide
(DMA) and Vinyl ester. The fiber to resin volumeticais maintained as 65:35. The samples are curedcem
temperature for 24 hours followed by 70°C in oven ffost curing. The sandwich specimen’s specificetiand
various configurations used in the experiment aesgnted in Table 1.

Table 1: Sandwich Composites — Specifications

Sandwich Type Resin F(aé)_rgl;lgse I\/Iatce(r)itael Core Density(Kg/nt
WR Woven Roving — 360 gsm
CsSM Vinylester Chopped Strand Mat-360 gsm PU Foam 100 - 300
SBM (3 mm facetted) Stitch Bond Mat -610 gsm (24 mm thickness)
CSM (S) Chopped Strand Stitch Mat- 420 gsm

2.2 Methods

Flammability Test

Flammability test of bare PU foams and PU foam @¢@@&ndwich specimens was done in accordance wilhivAS
3014 standards. The length, width and depth ofispetwas 250x20x30 mm respectively. The test waslected
under both vertical and horizontal positions inadance with UL94 VB and UL94 HB.

RESULTS AND DISCUSSION

Flammability test of bare PU foam core and PU foemned sandwich composite specimens in vertical and
horizontal positions are shown in Fig.1 and Fig&pectively.
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Fig. 2 (a) Sandwich under horizontal Testing (b) Sandwich under vertical Testing

For horizontal testing, the burner is ignited toguce 25.4 mm high blue flame. The specimens gresed to 6.35
mm deep flame for 30 seconds without changing tigitipn of the burner. Then the specimen is distdrfoom the
burner. If the specimen burns to 25.4 mm mark lee8fr seconds the flame is withdrawn. If the spenigmntinues
to burn after the removal of flame, the time fanfle front to travel from 25.4 mm mark to 100 mmmirthe free
end is determined and the rate of burning is catedl For vertical testing, a small 19.05 mm higkelflame is
applied to the bottom of the specimen for 10 sdspwithdrawn and then reapplied for an additiod@l seconds.
A layer of cotton is placed beneath the specimetetermine whether the dripping material igniteduting the test
period. Through the flammability test the specimare assessed for height of flame travel, timextmguish and
loss of weight under horizontal and vertical direcs.

Time taken to ignite the specimens is given in &bl

Table 2: Time taken to ignite PU foam and sandwicltkomposites

Time taken tdnitiate flammability (Second
Foam Density (Kg/nf)
100 150 200 250 300
H V H V H \Y H \% H V
PUFoam 32 11 32 10 34 14 38 13 43 14

Specimens

SBM 37 13 38 13 37 15 41 17 46 18
CsSM 33 11 37 12 39 12 39 13 40 14
WR 34 12 36 13 43 13 44 15 46 17

CSM (S) 39 13 39 15 43 16 47 18 49 21
H- Horizontal Mode, V- Vertical Mode

There is not much difference in the ignition tiner pure PU foam and sandwich specimens in thecatréind
horizontal positions. Also ignition time does natry significantly with the change in density of tbere and the
fibre architecture in the vertical position. Comgmto vertical position, variation in the ignititime is more in the
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horizontal position. PU foam and sandwich compssil not show any dripping during burning. TherefdPU
foam cored sandwich specimens may not catch fitearvicinity of other flammable structures.
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Vertical
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Fig. 3 Vertical and horizontal flame extinguishingtime

40 =WR mCSM » SBM mCSM (S)

Flame Height (mm)

Foam 100 Foam 150 Foam 200 Foam 250 Foam 300
Foam Density (Kg/n¥)

Fig. 4 Flame height V/s foam density in horizontamode

Vertical and horizontal flame extinguishing time fearious sandwich specimens is given in Fig. 8is levident
from the Fig. 3 that, sandwich composites exting@iwly in vertical rather than in the horizonpalsition. Time
to extinguish is found to be maximum in the cas€8M sandwich composite and minimum in SBM and QS
sandwich composites. The fire extinction in horiabmmode of testing is faster than in the vertioadde. In
horizontal mode, the specimens failed to reachoiyeosite end (complete burning not possible) butase of
vertical mode the specimens were completely butris also noted that CSM sandwich composites haoee
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flame height and minimum flame height is observedMR sandwich composites (Fig. 4). Thus CSM sanikwic
specimens are more vulnerable to the flame wherpaoed to other sandwich specimens. This may beatiee
fibre architecture in the case of CSM sandwich caositps, which can promote flammability.

Fig. 5 (a) Post burnt PU Foam (200 Kg/r) Fig. 5 (b) Post burnt PU Foam (100 Kg/

It is observed that the bare PU foams of lower ilensf 100, 150 and 200 kgirtypically show a strange behavior
of bending during fire. Fig. 5 shows the photograppost burnt bare PU foam of densities 200 ar@Kint. The
specimens after burn show remarkable cracks orsudiface of the foam. The bending behavior of lodensity
foams may be attributed to the spring action ofdékéwalls which are unburnt in the deeper parthef foam.But
as the density of PU foam increases the foam doesfford to bend even after complete burning. Vheed
density of polyurethane foam affects the flammapliehavior of PU foam. The varied PU foam dentgaused
by varying the proportion of chemicals and the faarformed with the chemical bonding between pobd MDI.
While at formation, the core traps gases withindéis. The number of cells per unit area increasethe density of
the foam increases, causing more gas entrapmeheiclosely arranged cell walls. In the case ofdowensity
foams the trapped gas will be less and cell wallsregularly spaced like an array and this regaiteay is repeated
[16]. Hence the lower density specimen takes pigdal time for flame extinction than the higher dignf®ams. In
the case of low density, during burning foam isweated into powder, where as in the case of higtsitlg foam
undergoes charring. Combustion of PU foam is alsracterized by the formation of dark smoke witftating
aroma, justifies the formation of toxic gases. Thsults of Drysdale et.al 1985 [17] show that flaabitity is
dependent on the chemical nature of the evolvedsgamd that flammability can be altered with cloainadditives
or suppressants. Similar conclusions are made lieiNgt al. [18, 19].

mBare PUFoam ®BWR ®mCSM ®mSBM ®=CSM Stiched

Weight Loss (%)

Foam 100 Foam 150 Foam 200 Foam 250 Foam 300

Foam Density (Kg/n?)
Fig. 6 Loss of Weight (%) V/s foam density
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The weight loss in the burning of pure PU foam iscmhigher when compared to sandwich composMoreover
weight loss is found to be less for high densityfBaim (Fi¢. 6). In the case cfandwich composit the matrix and
foam core are disintegrated in the vicinity of {and the weightoss is mainly due to the combustion of reand
foam core dung the burning proce (Fig. 6). The weight loss ifound to be much less compared to
polyurethane foamin case of sandwich specimens of lower densitys;diee loss of weight is due to the loss
foam as crushed powder, but the higher densitm cored sandwich specimeoffer stiff opposition to burning. |
the case of post burnt sandwich specimens, fibresckearly distinguished. This shows that fibrewvehanot
undergone burning during firdhe face sheet is completely involved in the big, justifies the fact that the fa

sheet has more affinity for combust. Thus in the present study, matard core are disintegra in the vicinity of
the fire.

It is observed that, the burnt resin is forcedafuhe fiber pores, and burn press causes the material to swell o
its original volume. Cracks are formed on the stefaf core material and low density foam coresfauad to be
bending while burning. CSandwich specimens show high weight Ifollowed by WR typ, the weight loss with
CSM (S) and CSMandwich composites are found to be minir (Fig. 6).

Fig 7 shows the photograph of post burnt sandwich spetilln the present studyfire induced damages in
sandwich composites afeund to bedecomposition and softening of the matrix @ode, release of toxic gas, core
cracking, pore formatiordelamination and char formatis

Debonding

AN > |2

Core Cracks,

N R

Fig.7 (a) Face sheet debonding in sandwich composite7 (b) core crack in sandwich composite
The out gassing or deflation is followed by theadeihation of the facet and in few cases, resultedebonding
from foam surface. Delamination durithefire is marked by an audible tearing or rippings@nd an observak
bubble formation under thekin. The delamination occurred in all samplesmyfire and is between the st-up
layers rather than between foafaeet interfaces. After delaminaticthe trappedjas escapethrough the specimen
edges.Smoke and toxic gases are evolved from thmbustion of matrixand foam duringburning. Smoke

generated from the test material is very sooty @autk. Ignition producesin pleasant aroma which is attributec
the formation of toxic fumes.

Burning rates fothe specimens is presented iable 3. Hgher burning rates are observed in the verticaitipos
Burning rate decreased with increase in the des$itgam core. The effect of fibre architecturetba burning rati
is not significant. However CSM sandwich specim&msw highest burning rated CSM (S) composites lowe:

Table 3: Burning rates (mm/sec) in vertical(V) and horizontal (H) position

Sandwich Type Density in Kg/m®
100 150 200 250 300
\ H \ H \ H \ H \ H
WR 148 054 130 053 121 049 1.11 049D.9¢ 042
CSM 165 0.74| 141 062 137 059 126 0p9.11 0.53
SBM 1.36 057 123 054 093 046 101 039.7z 0.34
CSM (S) 1.06 049| 1.09 048 087 043 1.19 0.36.8¢ 0.30
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The decomposition behavior of glass fibre reinfdreayl ester composites has been reported by § &edl. [20].
The weight loss on exposure to fire was mainly tuthermal decomposition of vinyl matrix. The lamies did not
lose any weight or lose any heat at the lowest Heatof 10 KW/nf i.e., temperature of 250° C. Thermo
gravimetric analysis (TGA) revealed that vinyl esdél not degrade below 380° C. The laminate expeed low
rate of mass loss & heat release at the heat flas &W/n’ which heated the surface to about 440° C.

TGA showed that a significant portion of the matwas decomposed at this temperature; however aiepl

decomposition did not occur. The mass loss and reaase rates were much higher and the polymerixmat

completely degraded when the laminate was testé0 and 75 KW/rfiresulting in a surface temperature of about
600 - 800° C respectively [20].

The properties of fire damaged sandwich composigesPVC core glass reinforced composites and @feoored
glass reinforced phenolic sandwich composites wgrdied in detail by A. P Mouritz & C P Gardenet]2 They
have reported that PVC- cored glass reinforced |vasger sandwich composites were severely damadesh w
exposed to fire. Phenolic cored glass reinforcednplic sandwich composites was also damaged bywiitle
phenolic matrix to skin and phenolic foam core geihermally degraded to solid char. Poly Vinyl C4RVC)
sandwich composite did not ignite when the heat fias below 15 KW/ equivalent to surface temperature of
about 475° C. Phenolic core was more resistantdighchot ignite under 30 KW/Mm(550° C). Exposing both to
higher heat fluxes caused a rapid reduction tdimmniimes. At highest heat flux 100 KW#rPVC core sandwich
composites started burning within a few secondsrevhe ignition time for phenolic cored sandwich posites was
much longer because of its superior flame resistalmcphenolic core sandwich composites the matisrialmost
completely charred before it ignitetd is well known that PVC foam is thermally und@ltompared to PU foam
[22]. Even at low temperatures volatile produdke HCI is given out. On the basis of the preseqteeimental
results, it can be inferred that behavior of PUnfoeored sandwich composites under fire is supdgaoPVC
sandwich composites and inferior to phenolic sasbHwiomposites.

CONCLUSION

Fire characteristics of bare PU foam and PU foaredsandwich composites have been studied andHtiogving
conclusions have been made.

1. The flammability in vertical mode is faster thae torizontal mode.

2. Lower density PU foams burn faster than higher igfeams.

3. Combustion of PU foam is characterized by the fdionaof dark smoke with irritating aroma, justifi¢ise
release of toxic gases like GO

4. Burning of the sandwich specimens result in delatiom and debonding of facesheets from the cofaceir

5. CSM sandwich composites are more vulnerable tocchirapared to other sandwich composites.
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