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fibreboard/high-density particleboard.

It use of natural-fibre-reinforced polymeric building
terials has been strongly favoured .to promote the

Wing in energy and pollution-free production. Natural
s are much cheaper than glass fibres and could
liee them in applications where cost consideration
Uweighs strength requirements. However, natural
ues have not been widely used commercially to rein-
wemore modern resins such as unsaturated polyester,
ny, elc., despite extensive research. The major prob-
Jsassociated with the applications of natural fibres in
scomposite industry arc poor wettability, high mois-
i absorption and susceptibility to environmental
wndation. In such composites, delamination due to
uslure absorption leads to weakening of the inter-
'_ | bond, thus causing a reduction in the mechanical
iperties of the composites. In an effort to overcome
1 of these disadvantages, several attempts have been
to modify the surface of these fibres either by
surting hydrophobicity!-S or by applying a gelcoat/
« [ibres as a surfacing layer$ to the composites. The
ik carried out by Winfield” in India and Bangladesh

W has also been attempted to develop plastic
wposite products based on natural fibres for various
jcations such as roofings. panellings. food grain
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VMlechanical behaviour of particulate hybrid
composite laminates as potential building
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Sisal fibres and red mud were treated with different hydrophobic chelates based on titanium ard
silicon. The offect of the addition of treated red-mud loading «n the mechanical properties of poly-
ester resin has been investigated. Composite laminates have been prepared and their physico-
mechanical properties were evaluated as a function of fibre length, fibre content, sisal/glass fibres
and sisal/glass/red mud combinations. It was found that particulate hybrid composites had supericr
physico-mechanical properties than those of sisal/polyester, neat and filled unsaturated polyestar
resin. The suitability of particulate composites was also assessed in relation to medium-density

Keywords: hybrid composite laminates; building materials; fibre reinforcement

natural-fibre-reinforced polymer composites was initi-
ated at the Central Building Research Instrute (CBRI),
Roorkee. with the main objectives of finding cost-efizc-
tive applications for use in different Inc:an climatc
conditions. This paper describes the systematic work
carried out so far on particulate hybrid composites
based on glassisisal fibres. red-mud filler. 2nd unsztu-
rated polyester resin.

Experinmental

Materials T o . ah

Sisal fibres were obtained from a logal imarket
(Roorkee), and their physico-chemical, mechanical add
surface topographic characteristics are as given in Tehle
! and Figure [ respectively. Glass mat (E. glass, \\'ei'g'q-
ing 450 g m-?) was supplied by Pilkington Fibre Giass
Ltd. India. The sample of red mud (industrial dy-
product) used in the experiments was collected from the
Indian Alumi‘nium Company (Indalco, India). Its chem-
ical analysis is given in Table 2. Unsaturated polyester
resin (HSR 8131) was received from Bakelite Hylam
Ltd. India. Coupling agents such as gamma-Methacn -
oxyprapyltrimethoxy  silane, A-174 (Union Carbide,
USA). and ncopentyl (diallyl)oxy. tri (dioctyl) pyro-
phosphatotitanate, LICA-38 (Kenrich, USA), were used
as supplied.

Fibre/filler coating procedure

Red-mud couting:

Red mud was first calcined at 200 *C for 24 hours aad
washed with disulled water. The sample was dried at
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Table T Physico-chenmical and mechanical properties of sisal fibre

No. Propertics Vilue

A Physicad propertics
I Specific gravity 1.10

2 Fibre diameter (mm) 0.08-0.276
3 Fibre lIength (mm) 50-130
4 Moisture content (%) 12.77
5 Water absorption (%) 123.73
B Chemical composition
1 Cellulose (Vo) 66-78
2 Lignin (%) 8-10
3 Hemiccellulose (%) 10-12
4 Ash (Vo) 1.0
C Mechanical properties
1 Ultimate tensile strength (N mm-?) 280-370
2 Elongation (%) 3-5
3 Modulus of clasticity (GPa) 34-62

e Yo a
YR T
]

Figure 1 Scanning electron micrograph of sisal fibre showing
surface lexture

Table 2 Chemical analysis of red mud

No. Constituent %
1 Silica ($H10,) 6-10
2 Alumina (Al.0;) 19-26
3 Ferric oxide (Fe,Q,) 23-31
4 Titanium oxide (ThO,) 20-27
5 Lime (CaO) 24
6 Alkalis (Na,0. K.0) 4-7
2 LOI (Loss Of Ignition) 8-11

100 °C for 24 hours and stored in a desiccator before
use. Titanate treatment of the red mud was carried out
from a 1% (by weight of filler) solution of coupling
agent in toluene. The slurry was agitated for 2 hours
~and filtered on a Buchner filter. The sample was then
washed with toluene to remove unreacted coupling
agent and dried at 80 °C for 4 hours to complete the
condensation process.

Fibre coating

Sisal fibres were washed with distilled water for 24
hours to ensurc the complete removal of water solubles
rom the surlace and dried at 60 °C in an oven for 8
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hours. The washed fibres were immersed in a 1% (
weight of fibre) coupling agent (A-174) soluti
toluenc and kept for vigorous stirring for 30
After treatment with a coupling agent, the fibr
washed with tolucne to remove compounds no
lently bonded to the fibres and dried at 80 °C |
hours in an oven to constant weight.

Composites preparation

Red mud/polyester system
Treated red mud was added to styrenated polyester
stirred with a mechanical stirrer for 90 minutes; |
methyl ethyl ketone peroxide and 1.5% cobalt na
thenate were used as a catalyst and accelerator 1
tively. The mixture was slowly rotated to pr
sedimentation until polymerization rendered it vi
It was then poured into a metal mould of 4 mm th
ness, allowed to polymerize for 24 hours and
postcured for 4 hours at 80 °C. PVAic was used a5 th
mould releasing agent.

Laminates preparation

Treated sisal fibres were cut to the desired length
then accommodated at random to form 30 x 30
non-woven mats using polyvinyl acetate emulsion 45
binding agent. Normally. the mats have 2-3% mois
content and a weight of 440 g m™®. To make poly:
laminates, conventional hand lay-up techniques
employed. These sisal mats were then impregnated
unsaturated polvester resin containing 1.5%
ethyl ketone peroxide and 1.5% cobalt naphthenate.
Stacks of different impregnated fibre mats were pla
between two brass plates. PVAlc was used as the mo
releasing agent, The laminates were pressed on a
hydraulic press at room temperature for 2 hours at 4
pressure of 2 MPa, Similarly particulate hybnd |
nates were prepared by applying optimized red-
polyester mix on the glass/sisal mats (30 X 30 cn
Glass mat was used only on the outer surfaces to sand-
wich the sisal fibre mats. Curing was done at ro
temperature for 24 hours and then posteuring at 80
for 4 hours at a pressure of 1.5-2 MPa.

Test methods

Physical properties such as density and void content
were determined in accordance with ASTM D 792+
and ASTM D 2734-70 respectively. Water absorptic
was measurcd as per ASTM D 570-81. Tensile prop
ties of dumb-bell-shaped samples were determi
according to ASTM D 638-76 at a cross-head speed of
5 mm min ', Flexural strength was measured as per
ASTM D 790-71. A cross-head speed of 5 mm min ! and
span-to-depth ratio of 16:1 was used for the red
mud polyester and fibre laminates. A simple ucccler;uaf_
test was performed by immersing the samples into
boiling water for 2 hours as per IS 12406-88.




fesults and discussion

Wt of red-mud loadimg

the tensile and flexural strength of particulate compos-
as a function of red-mud loading are shown in
pure 2. On increasing the red-mud concentration. the
iile strength decreases rapidly up to 1524 and then
lwly with further addition (up to 45%). This behav-
Cmay be attnbuted o the Brilure of the matrix at
er stresses  and maximum o stiess concentration
mund the red mud, In {fexure, there was no significant
Jiige in strength up to 20% red-mud addition as
qpected because of an effective interfacial adhesion
“aween the red mud and polyester and higher compres-
st strength of the red mud. but on further loading of
w mud in polyester, the flexural strength decreases
Jom 62 MPa [or neat resin to 41 MPu for 45% red-
ud-Ailed composite. The net reduction in tensile
wength is about 43% for 45% red-mud-filled composite
ith respect to the neat resin while the drop in flexural
gth was about 34% for the same. Interfacial adhe-
an is more effective in flexure mode than in tension.
Similar results have also been reported for other partic-

§ .
lite composites!s-17.

llict of fibre loading
gure 3 shows a plot of tensile strength as a function of

bie length of sisal-fibre-reinforced polyester compos-
., As was expected, the composite containing 3 cm

30

20 1 1 1
C 15 30 45 60

Redmud Fraction (* Wt.)

Wire 2 Effect of red-mud loading on flexural and tensile strength of
iliulate composites
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Figure 3 Variation of tensile strength and void content with Zbre
length of sisal polyester composites (sisal fibre ply weight = 440 g m-?)

fibre length imparted maximum tensile strength as
compared with the other composites made from higher
fibre length. There was no evidence of fibre pull-out in
the fracture surfaces. This suggested the reason that
bonding between the fibres and polvester might be
greater than optimum. The void content of Jaminates
made from 3 cm fibre length was roughly twice that of
the others, which may affect the mechanical properties
and performance in wet conditions.

As scen in Figure 4 the tensile results indicate a
maximum followed by a downward trend. This implies
that there is an optimum fibre content (30"% by weight)
of the laminate above which the tensle properues
degrade. An improvement of about 71% in teosile
strength was observed for 50% (by weight) fibre content
with respect to neat resin. This fact indicates that
applied stress is transferred from the matrix to the
stronger fibres by shear stress at the fibre-matrix inter-
face. In the absence of bonding, the fibres would act as
voids. No significant reinforcement was noticed up to
20-25% fibre content. The void content remains unal-
tered up to 50% fibre content and then increases rapidly
with further loading of fibres. In flexure. the relation-
ship between strength and fibre content appears to be
linear (Figure 4). Increasing the number of fibre plies
brings an increase in tensile and flexural properties of
the laminates. This effect 1s expected because failure of
a critically stressed layer in the composite does not
necessarily mean that total catastrophic failure of the
multilayered composite takes place’.

Properties of particulate hybrid composites

Particulate hybrid composites were prepared with the
help of 20% red mud, 34% sisal fibres, 8", glass fibres
and unsaturated polyester resin. and their physico-
mechanical properties were compared with unsaturated
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polyester rcsin and other reinforced compos

= N5 | oo ELekuRAL STRENETH shown in Table 3. 1t was found that the tensile &
a s YOID BENTENT . ural properties of hybrid/particulate hybrid cos
\E, 105 440 2 increased, probably due to the inherent better pro
£ :é ol glass fibres. The hybrid composite containing
2 35 30 & amount of glass fibres seems to fail by rupture o
o s sisal fibres followed by that of the glass fibr
w 85 20 © improvement of 15% in flexural strength for partic
o -g hybrid composites was observed over that of sisal
2 75 10 = ester composites. It can be seen from Table 3 tha
2 properties of particulate hybrid composite are in
T8 65 ! 1 ! I 0 ; :

50 oo TENSILE to those of glass-fibre-reinforced plastics (GRP).
— STRENGTH The suitability of particulate hybrid composites wa
& L5 VOID CONTENT 40 also assessed and their physico-mechanical proper
= e were compared (Table 4) with medium-density f
£ 40 730 é board and high-density particleboard, satisfying
o2 ‘g requirements laid down by the Bureau of India
¢ B 720 8 Siandards (IS 12406-88 and 1S 3478-66).
(9] L X a ©
2 30 X . 10 2 Effect of water on physico-tensile properties
g 25 ] l L I 0 The percentage weight gain as a function of immersion
= 30 40 50 60 70 80 time is shown in Figure 5. As is to be expected,

Fibre Content (°/e Wt.) nates containing a substantial number of voids abs

. ' . water more readily than those which do not. I
le_gulrc 4 TL‘E]SI]C and ﬁ?_xu_ral slrengl_h as a function of ﬁbfe content obvious that at high fibre loading, the water uptake
o7 sisal polyester composites (three plies = 34% FC. four plies = 48% .. . . . . ‘ p
FC. five plies = 70% FC. six plies = 74% FC; sisal fibre ply weight = be significant. The dimensions (swelling in thickness) o
—=0gm) the specimens also change during immersion in water

Table 3 Comparative physico-mechanical properties of USP and composites

No. Matenal Reinforcement Density Water Swelling Tensile Elongation Mod. Flexural

content (gem Y absorp- in thick- streng- (o) of strenglh
Red mud Sisal fibre tion ness th elasticity (MPa)
o by wl) (% by wi) M (%) 24 h (%) (MPa) (GPa)
: USP - - 1.12 0.130 Nil 26.40 2.38 1.91
s RM USP 20 - 1.3t 0.203 Nil 17.20 1.49 0.97
3 SRP - S0 1.10 8.03 13.19 45.10 2.33 3.11
< S.RM TSP 20 38 1.086 4.7t 0.58 23.50 7.69 0.64
& GRP - - 1.6 1.03 - 76.00 - 41.00
(wtt-28-32)
6 S GRP ' - 46 1.13 4.12 3.03 65.20 11.30 -
(G. cont.-15%)
- S'G RM-USP 20 34 1.24 3.65 Neglig- 45.20 8,10 5.95
(G. cont.-8%) ible

USF = unsaturaled polvester. RM/USP = red mud-polyester. SRP = sisal-reinforced polyester, S/RM:/USP = sisal/red mud/polyester. GfR‘P#
zass-reinforced polyvester. S GRP = sisal/glass-reinforced polyester, S/G/RN USP = sisal/glass/red mud/polyester

Table 4 Comparative physical and mechanical properties of particulate hybrid composite. medium-
density fibrebourd and high-density purticleboard

No.  Properties Required value Particulate hybrid
Medium-density High-density composite
fibreboard particleboard
(IS 12406-88)° (1S 3478-66)"
1 Bulk density (kg m ) 500-900 900-1200 1120
2 Moisture content (%) S-S 5-10 2-3
3 Water absorption 24 h (“0) 12-18 10-25 3.65
4 Swelling in thickness 24 h (%) +7 - Negligible
¥ Modulus of rupture. min (N mm ) 28 2914 98.10
(3 Tensile strength paraliel 1o
curface (N mm )
ty dry - 29-34 4520
(h} 2 h boiling water - No sign of 38.20

delamination

-inc:an Standard Specification for medium-density fibreboards for gencral purposes
‘Inc:an Standard Specification for high-density wood particleboards
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Figure 5 Variation of water uptake versus immersion lime in water
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period in water of sisal/polyester composites
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Figure 7 Reduction in tensile strength after 2 h immersion in boiling
water of different fibre-reinforced composites

(Figure 6). The maximum swelling was observed in six-
plies laminates containing 74% fibre content.

The tensile strengths of sisal/polyester, hybrid and
particulate hybrid composites were evaluated before
and after exposure for 2 hours in boiling water (Figure
7). It can be seen that a considerable reduction in
strength (11-38%) was observed owing to the combined
effect of water and temperature and also plasticization
of the resin. The partial separation of fibre plies from
each other was noticed after exposure owing to the
hydrolysis of the polyester resin (hybrid composite
reduction in strength 38%). However, the percentage
reduction of tensile strength in sisal/polyester was unex-
pectedly less than that of the other laminates for some
unknown reason. The reduction in mechanical proper-
ties under wet conditions could be avoided by the
development of covalent bonds between the fibre and
the matrix.

Conclusions

This work shows that particulate hybrid composite
made from sisal fibres and industrial waste is a poten-
tial candidate to impart superior physico-mechanical
properties compared with sisal-fibre-reinforced compos-
ites and other commercially available medium-density
fibreboard and high-density particleboard. It can be
considered as a potential building material used for
partitions, wall panels, claddings, etc. It is therefore
sugpested that further research is needed to develop an
appropriate technology lor its larpe-scale production.
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