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Sisal fibres and red mud were treated with different hydrophobic chelates based on titanium ar::J 

silicorl. Tl10 affect of tho ndtlitiorl of tronted red-mud loadi"g ell tll0 rnOCll<lrlical properties of poly. 

ester resin has been investigated. Composite laminates have been j:JJepared 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 paniculate hybrid composites had supericr 

physico-mechanical propenies than those of sisal/polyester, neat and filled unsaturated polyest2~ 


resin. The suitability of paniculate composites was also assessed in relation to medium-densi;y 

fibreboa rd/high-density pa nicleboard. 
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usc of natural-fibre-reinforced polymeric building natural-fIbre-reinforced polymer composites was ini ti 
has been strongly favoured .to promote the ated at the Central Building Research Jnsli:ute (CBR.]), 
of indigenous materials in the de veloping Roorkee. with the main objectives of finding cost-eC-ec

in view of their low cost, easy availability, ti ve applications for use in different Inc:an clim2.tic 
in energy and pollution-free production. Natural conditions. This paper describes the syste:natic " 'ork 
ar~ much cheaper than glass fibres and could carried out so far on particulate hybrid composites 

them in applications where cost consideration based on glassisisal fibre s. red-mud filler. :!nd un S2.ru
s strength requirements. However. natural rated polyester resin. 

hale not been widely used commercially to rein
' morc modcrn resins such as unsaturated pol yes ter, Experimental 
, etc.. despite extensive research . The major prob

, .
associated with the applications of natural fibres in ,1.faleri.?ls ,

composite industry are poor wettability, high mois Sisal fibres we re obtained from a k"JI ,market 
absorption and susceptibility to environmental (R.oorkee) , and their. physico-chemical, mn:hanica l 2nd 

Jn such composites, delamination due to surface topographic characteristics are as g:i\en in TcJ /e 
absorption leads to weakening of the inter- I and Frgr're I respecti ve ly. Glass mat (E glass, \\e:g~

bond. thus causing a reduction in the mechanical ing 450 g mol) was 'supplied by Pilkington Fibre G i2. 5S 
ies of the composites. In an effort to overcome Ltd. India. The sample of red mud (industrial vy

of these disad vantages, several attempts have been product) used in the experiments \\as collec:ed from ;he 
to modify the surface of these fibres either by Indian Aluminium Company (lndalco, JndiJ). Its che:n
ing hydrophobicityl -S or by applying a gelcoat/ ieet! analysis is given in Tah/e 2. Cnsaturat ~d pol Ye5!er 

libres as a surfacing layer6 to the composites. The resin (H5R 8131) was received trom Bakelite H: lam 
carried out by Winfield 7 in lndia and Bangladesh Ltd_ India. Coupling agents such as gamma-\Iethacr: 1

I1IIN~illrOICcd po' ),csICI' SyslCiliS ,'llr I hl' ((lllst nll·t il1l1 l,xYI)rnl'yltrilll,'tho.xy sillillc. ;\"~4 (lilliI'll (':tr\'ide, 
cheap primary school buildings has been considered USA). and neopentyl (diall y l)o\~. tri (dioct yl) p~ ro

a major breakthrough in this field . Co nsictl: rabll: phosphq totitana ~e,I-( ICA-J8 K llrich. U5·-\I. \\'~re y ~'" 
k' il has also been attempted 10 develop plast ic as supplied 

Ie products based on natural fibres for various 
allons such as roorings. panellings. food grain Fibrelliller coating procedure
and other low-cost hOLlsing unit s. Work on 

Ret!-!}ffll/ couling' 

Red mud \V~IS fi rs t calcined at :20() ' C for :-1 hours :::J d 
washc:u with dislilleu water. The '<IIllPic \\,IS dr ic: d :Jt 
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tliscussiol Tabll; t Ph: ~ Jco - c h ctlll c; 1I ;tnd mecha n ic ll rJ o pcnics o r sis:d flhrc 	 hours. The washed fIbres we re immcrsed ill a I': ' ,~ 

wei ght of fibre) co uplin g agent (A-174) so lut i(11l n 
Valuc 	 1 d ,'I ,.,," 11" ,,11"",/, 

toluene and kept fo r vigo rous stirring for ]0 minute 
After trealment with a cou pling age nt . the fibres 11 m 
wash ed wit h toluene to remove com pounds not em 
lentl y bonded to tile fibres and dried at 80 DC for J 

hou rs in an oven to co nsta nt we igh t. 

Com posites preparation 

Red mudlpo lyes ter 5),5 1('11 ' 

Trea ted red mud was added to styrena ted polyester an 
stirred with a mechanical stirrer fo r 90 minutes; 1.5 
meth yl ethyl ketone perox ide an d 1.5% cobalt narh
thena te were used as a ca talyst and accelerator re pee, 
ti vely , The mixture was slo wl y ro tated to prc\ nt 
sed imentalion until polymerization rendered it vi COliS. 

It was then poured into a metal mould of 4 mm tlllck
ness, a ll owed to polymerize for 24 hours and then 
postcured for 4 hours at 80°C. PYAl c was used as the 
mould re leasing agent. 

Laminates preparation 

Treated sisal fi bres were cut to the desired length and 
then accom modated at random to form 30 x ]0 ,m~ 
non-woven mat s using polyvinyl aceta te emulsion S 3 

binding agent. Normally, the mats have 2- 3'Yc. moi sture 
content a nd a weight of 440 g m-' , To make polyemr 
laminates , conven tion al hand lay-up tcchniques were 
employed . These sis al mats we re then imprcgnated with 
unsaturated po lyester resin containing 1,5'% methl'l 
ethyl ketone peroxide and 1,5% cobalt naphthen~te , 

Stacks of different impregnated fibre mars wcre pia d 
bet ween two brass plates. PYA I c was used as the mould 
releasing agent, The laminates were pressed on a 
hydrau lic press at ro om tem pe rature for 2 hours at a 
press ure of 2 rvlPa, Similarly particulate hybrid lami
nates were prepared by ap plying optimized rcd-I1lud
polyester mix on the glass/sisa l mats 00 )( 30 em:), 

Glass mat was used only on the outer surfaces to sand
wich the si sa l flbre mats. Curing was done at roo'n .. 
tempera ture for 24 hou rs a nd then posteuring at 80 ' C 
for 4 hours a t a pressure of 1.5-2 MPa, 

Test methods 

Physical properties suc h as density and void conten t 
lIere determined in accordance with ASTM D 792-66 
,tnd ASTM D 2734-70 respec tively. Water ;lbsorpl ion 
lI'as I1l caslll"ed ciS per ASTM 0 570-81, Tensi le proper
lies of dumb-bell-shaped samples were determined 
according to I\STM 0 638-76 at a cross-head speed of 
S 111111 mill I, Flour,Ii st rength lI'as Illc;lsurcd ;IS J1~r 

ASTM D 790-71. A cross- head speed o f" S 111111 min I allll 
sr;l n-t o·d epth rat io of 10: I was used for the ml 
mud Pol ycsle l and fibre laminates, A sil11ple acccic r,llcd 
(eSI lias peri"ormed by il11m ers in g the sa mples ill lC1 
boiling II,ttcr for 2 hours as per IS 12406-38. 

, 1t:II,ii<: ;\\1d Ilc \ ur;1 
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Fil(lIre 2 Effect of 
p.Jrti\. lIlu lC compoS 

/\ PhI "cal p ro perties 
I Specific gra\'ity 11 0 

Fi bre di ame ter (mm) 0. 08- 0.276 
3 Fibre lenclh (mm) 50- 150 
4. ~1oisturc "'contenl ((llrl) 12 .77 

Wa ter absorpti o n ('Yo) 12373 

J3 Chemical composit ion 
I Cellulose (,1.,) 66-78 

Li<.'nin (% ) 8-10 
:I H ( micellu)osc (%) 10-) 2 
4 Ash ('!o) 1.0 

C ~!echanic a l properties 
I L"itima te tensile st re ng th (N mm " ) 280- 370 

Elonga t ion (o/,.) 3-5 
3 \loJulus or elasticity (GPa) 34-62 

Fi gur e I Scanni ng electron micro graph or sisal fib re showing 
sur face texture 

1 able 2 Chemical a nalysis o r re d mud 

No Co nstitue nt 	 ('\/0 

Silica (SIO,) 6-10 
2 Alu m ina (A I,O ,) 19-26 

Ferri c oxide (Fe,O,) 23- 3 1 
4 T ila nium oxide (TI'O, ) 20-27 
5 Lime (CaO) 2-4 
6 /\1",lis (Na,O. K,O) 4- 7 

LOI (Loss or Ign'ition) 8-11 

100 °C for 24 hours and stored in a desicc<llor before 
use. Tit an,lle treatmen t of the red mud \vas ca rri ed out 
frolll a 1'1., (by we ight of fl ller) so luti on o f coupling 
agent in to luene . The slurry lia s agitated for 2 hours 

. and fi ll ered on a Buchner filter. The sa mple was then 
washed IItth toluene to rem o l'e unre,lc led cou pl ing 
,Igent ,md dried at 80°C for 4 hours to complete the 
c() 1lC!c n S,t t ion process. 

Ff/lI"C cout flip 

Sis,ti fibres lIere lIashed lI'ilh dislilled 1\ ',lter for 24 
hOlliS to ensure th e eomplele t"(1l101',iI o f 1I', \ler so lubles 
l'rolll th e surf'ace and dried a t 60°C in an ol'en for 8 
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. C>----< I Tr. IJ ~,I[ 'jlllt'NI .lll '(rr( "I ,,'cl-III1I1I /(iI/./lII,l: 	 ~o 
______ VOID CON1EtH 

Ih~ I~llsilc and Ikxur,iI strcngth or P,lrticlilatc COlllpOS  RESIN CONTENT--S(;'/. 
BY WT,,) as a function or reu-1l1ud loading arc sho\\n ill 

FIBRE PlIES-->-1. I~o,.
1'1/1'1':: 0 11 illcrC<ISill t! tile rcu-lllud c(llll:entrati(111. tile 

-'Il,ik strcllglll ticnC:I 'L'S rapidly lIJl to I)" ~, <llld lilCl1 0 1,5 

1'1 \\ 1)' with rurth er addi[il1n (IIr to 45%). Tilis hella\' U. 
::>: 

II! III:I!' hL' :![[Iilllill'd [II IIIL' 1:lillln:: III [ilL' IILI[li, :I[ 
,\le i stIC,-,CS ;Ind IU:I.\lll1l1ll1 Sli ess cOllccll!ra[ioll 	
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0\ 1,0
'lu \ld thc rcu Illud, III Ilc ,\ life , there \\':IS 11lI signilical1t 	 C 
(lJ 
\.....;,lIIgc ill strcngth up to 20'X, rcu-llluu aduitiol1 as 

Qif)
\pee[ed because or an en-ective interfacial adhesion 

Cween the red mud and polyester and higher compres ~ 

8 c 
CJ

VI 35c strength of the red mud, bUI on funher loading of c 
(lJ 0 
t-00 mud in polyester, the flexural strength decreases 	 ~ U

1, 
U 
'0 

r m 62 MPa for neat resin to 41 MPa for 45'Yo red
~ \l d-fdled composite, The net reduction in tensile 0 >30 cng[h is about 43% for 45% red-mud-filled composite 0 3 6 9 12 


ith respect to the neat resin while the drop in flexural 
 Fibre Length (em.) 
lI!IIgth was about 34% for the sa me. Interfacial adhe
in is more effective in flexure mode than in tension, rigure 3 Varia lion of lensile strength and void ,~~lenl wilh ~bre 

lenglh of sisat polyesler composites (sisa[ fibre ply "~:ghl = 440 g :noll Imilar results have also been reponed for other panic

ate cOmpOSI[esI5- 17 


fibre length imparted maximum tensile strength as 
Ul ct ojjibre ioading compared with the other composites mad~ from higher 
, life 3 shows a plot of tensile strength as a function of fibre length. There was no evidence of fibre pull-out in 

1brc length of sisal-fibre-reinforced polyester compos the fracture surfaces, This suggested the reason that 
:., As was expected, the composite containing 3 cm bonding belween the fibres and polyester might be 

greater than optimum , The void content of laminates 
made from 3 cm fibre length was roughly twice that of 
the others, which may affect the mechanical propenies 

,.... and performance in wet conditions. 

0 
 As seen in Fig ure 4 the tensile results indicate aa. 30 

ma xi mum followed by a downward trend . This implies 
that there is an optimum fibre content (50' 0 by weight) 

L 
r. 25 of the laminate above which the tensik properties01 
c degrade. An improvement of about 71 '/0 in tensile 
Qj 20 strength was observed for 50% (by weight! fibre content I ... 
ill with respect to neat resin, This fact indicates that 

applied stress is transferred from the matrix to the~ 15 
ill stronger fibres by shear stress at the fibre - matrix interc 
Qj face, In the absence of bonding, the fibres would act as 
~ 10 voids. No significant reinforcement was noticed up to 
,.... 70 

20-25% fibre content. The void content remains unal
Il. 
0 

60 tered up to 50% fibre content and then increases rapidly 
I with further loading of fibres. In flexure. the relation
'"' .c 50 ship between strength and fibre content appears to be... 
01 linear (Figure 4). Increasing the number of fibre plies c 

.. III 
40 

brings an increase in tensile and flexural properties of 
I-

the laminates, This effect is expected because failure ofill 
a critically stressed la ye r in the composite does not 

I- necessarily mean that total catastrophic failure of the 
a 
::J 30 
)( multilayered composite takes place'. 
III 
Ii: 20 

Properties of pal'licuiate hybrid cOlliposites 0 15 30 
Particulate hybrid composites were prepared with theRedmud Fraction (Dfo W t.) 
help of 20'1.. red mud, 34% sisal fibre s, 8 ' ) glass fibres 
and unsJturated polyester resin. and their physico

IIff 1 Hreci of red-mud loauing on flcxura[ anU tcnsile slrcnglh o f 
1!llli,He corn posi ICS mechan ical properties were compared \Iith unsaturJled 
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Fe. n,·e plies = 70% Fe. si~ plies = 74% FC; sisal fibre ply weighl = 
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Table 3 Compa rati'·e ph: sico-mechani ca l propenies of USP and composiles 

po lyester rcsin and other reinforced compo5ilc , 
shown in ToMe 3. It was found that the tensile andn 
ural properties of hyb rid /particulate hybrid compo II 

increased, prob<lbly due to the inherent better proper 
o r glass fibre s. The hybr id com posite containing " sm,lI 
amoun t of glass fibres seems to fail by rupture rIh( 

sisal fibres followed by that of the glass fibres .. n 
improvement of 15% in Aexural stre ngth for particulat 
hybrid composi tes was observed over that of sisal1poly. 
ester composites . It ca n be seen from Tahle 3 tha t the 
properties of particulate hybrid composite are inferior 
to those of glass -fibre-reinforced plastics (GRP). 

The suitability of particu late hybrid composites \ 
also assessed and thei r physico-mechanical propertl 
were compared (Table 4) with medium-density fibre· 
board and high-density particleboard, sa tisfying the 
requirements laid down by the Bureau of Indian 
Standards (IS 12406-88 and IS 3478-66). 

EffecI of tmler Oil phrsico- Iensile propert ies 

The percentage weight gain as a function of immersion 
time is shown in FigLile 5. As is to be expected, Iami· 
nates con taining a substantial number of voids ab,orb 
lIater more readily than those which do not. It il 
obvious that at high fibre load ing, the water uptake will 
be significant. The dimensions (swelling in thickness) f 
the specimens also change during immersion in water 

90 

80 

70 

60 
,..... 
-!•- 50 
c 
.~ 

40... ..c. 
CJl

0Qj 30 
~ 

20 

10 

0 

Fil\ure 5 Variat 
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:\ 0. ~btenal Reinforcemen t Densily Water Swelling Tensi le Elon ga ti on Mod. Flexu,"1 
contenl 19 cm!) abso rp - in thick st reng  ('Yo) of strength 

Red mud Sisal fibre lion ness th elaS licity (MPa) 
I: .: b\ ,\1) (% by IVt) 24 h (%) 24 h (%) (MPa) (GPa) 

LSP 1.1 2 0. 130 Nil 26.40 238 1. 91 6126 
R~I L'S? :0 l.Jt 0.203 Nil 17.30 1.49 0.97 58.79 
SRP 50 t.I0 8.03 13.1 9 45.10 2.33 3.11 S50} 

:. S R\I l!S? :0 38 1.086 4.71 058 2350 7.69 0.64 40.02 
GRP 1.6 1. 03 76.00 4tOO 178.40 
(\\ t ( . 28-32) 

6 S GR? 46 1.13 4.12 3.03 65 .20 1l.J0 89.2(, 
(G. conl.-1 5%) 
SG R\ t LS? :0 34 1.24 3.65 Neglig 45.20 8 10 5.95 98 .1(1 
(G. con t.-8%) ible 

L"~P = unsaturaled pol ye-5ter. R\-I / USr = red mud-polyester. SRP = sisal-rei nfo rced polyes ler. S/RM , l!SP = sisaVred mud/polyester. GR P = 
;ass-rein forced rolyest ~r . S GRP = sisal/glass -reinforced polyester. S/G/R ~I L"SP = sisaliglass/red mud /polyes ter 

Table ~ Comparative ph ysic;.1 and lllech anio l rrorenies of [,aniculate hybrid composite. medium
den;it\ fibreboard and high-dcnsit )' [,articlcboard 

:\0. Prope rties R~quircd va luc Particulale h"brid 
~kdi um-densi t, High·uensi l), comrosite 

fibreboard pa niclcbo:mJ 
(IS 12~06·881 ' (IS )478-66}" 
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Figure 7 Reduction in tensile strenglh afler 2 h immersion in boiling 
waler of differenl fibre-reinforced composites 

(Figure 6). The maximum swe lling 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 cons,iderable reduction in 
strength (11-38'%) was observed o wing to the combined 
effect of wa ter and temperature an d also plasticization 
of the resin. The partial separation of fibre plie s from 
each other was noticed after exposure owing to the 
hydrolysis of the polyester resin (hybrid composite 
reduction in strength 38%). However . the percentage 
reduc tion 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 co nditions could be avoided by the 
development of covalent bonds between the fibre and 
the matri x. 

Conclusions 

This wor k 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 commercia lly available medium-densit y 
fibreboard and high-density particleboard. It ca n be 
considered as a potential building material used for 
partitions. wa ll panels, c laddings, etc. It is therefore 
suggested that further resei.lrch is needed to de velop an 
appropri a te technology (or its large-sca le production. 
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