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Polymerized Lightweight Fibrous Composites 

T. M. AMINABHAVI,* N. S. BIRADAR, and R. M. HOLENNAVAR 

Department of Chemistry 
Karnatak University 
Dharwad 580003, India 

A B S T R A C T  

Industrial, agricultural, and naturally occurring waste materials in 
conjunction with liquid epoxy resin, asbestos, and sil ica have been 
employed to make lightweight engineering composite materials. 
To bring down the cost of epoxy resin, phenol formaldehyde was 
used as a binding material. Various physicomechanical properties 
of these composites were investigated. This study advocates ele- 
gant, economical, and lighter alternative materials for  structural 
applications, reducing the deadweight of the structure and thereby 
resulting in lighter foundations. Furthermore, an attempt has been 
made to find a suitable fibrous material as an alternative substitute 
for asbestos to meet hygienic requirements. 

I N T R O D U C T I O N  

Engineers, chemists, and architects are now aware of the impor- 
tance of using lighter building materials of superior strength and in- 
creased durability as compared to normal cement concrete [ 1-41. 
International interest in the successful use of polymers in concrete 
dates back to the early 1950s. This work expanded into large-scale 
research in the late 1960s and early 1970s; since then, many investi- 
gations [5] have been carried out to incorporate polymers into con- 
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516 AMINABHAVI, BIRADAR, AND HOLENNAVAR 

Crete. One of the main techniques in producing such polymerized com- 
posites is to minimize void volume in the aggregate so as to reduce the 
quantity of relatively expensive polymer needed for binding the aggre- 
gate. Another idea was to make composites that a r e  economical and 
resistant to moisture and cyclic changes in weather. 

been reported that when the fibrous materials are incorporated into 
the matrix, the interlaminar shear strength is decreased due to the 
weakness at the resin-filler interface [7]. Improving the mechanical 
properties therefore clearly meant that the fiber-matrix bond had to 
be strengthened, and this directed attention to the need for  surface 
treatment. Coupling agents such as organofunctional silanes and titan- 
ates, which act as a bridge between inorganic reinforcing material and 
the organic resin matrix, have been successfully used for  many years  
on glass fibers to improve the performance of glass-reinforced poly- 
mer  composites [8- 101. Addition of fibrous fillers such as asbestos 
o r  glass wool impart further strengthening effects to the finished prod- 
ucts. 

Progress in the construction industry has resulted from the con- 
tinued search of new materials in place of health hazardous asbestos. 
Among new materials that are under active investigation are several  
types of modified polymer composites. Concretes prepared from 
Portland cement, sand, aggregate, and water have many defects such 
as poor adhesion of fresh concrete to old concrete, poor resistance to 
the action of chemicals and water, inferior resistance to abrasion 
breakdown due to repeated freeze-thaw cycles, and the growth of fungus 
and microorganisms. 

In our ear l ier  research [ 11- 141 on new lightweight polymer compos- 
ites, several industrial, agricultural, and naturally occurring waste 
materials were successfully utilized. Increased use of such wastes 
might prove to be a beneficial factor where ecology and economy a re  
concerned [ 151. 

In the present investigation, polymerized lightweight fibrous com- 
posites have been investigated. The following fibrous materials have 
been used: sawdust (SD), fly ash ( F A ) ,  cinder (CI), coke (CO), 
rice husk (RH), paddy husk (PHI,  maize cobweb (MC), jute powder 
(JP), coconut shell (CS), ground nut shell (PSI, ful ler ' s  earth (FE),  
graphite (GR), asbestos (AS), vermiculite (VM), and mica (MI). Such 
properties as Young' s modulus, tensile strength, compressive strength, 
thermal conductivity, unit weight, and water absorption have been 
studied. Furthermore, an attempt has been made to find a suitable 
fibrous material as a substitute for  asbestos to meet hygienic require- 
ments. 

Several fibrous materials have been used as fi l lers [6]. It has 

T H E O R E T I C A L  

Several theories have been proposed to predict the Young's modulus 
of a composite system in relation to its constituents [ 16-2 11. In most 
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POLYMERIZED LIGHTWEIGHT FIBROUS COMPOSITES 5 17 

of these theories, the increase in stiffness o r  elastic modulus of a 
composite has been attributed to the presence of rigid fillers in the 
matrix [30]. The following relation has been frequently considered 
in the analysis of data for composite systems [24] : 

where the subscripts 1 and 2 refer  to the continuous matrix phase and 
discontinuous filler phase, respectively, Y is the modulus of elasticity, 
and Q is the packing fraction of the fi l lers in the composite. The con- 
stants A and B are defined as 

kE in Eq. ( 2 )  is called Einstein's coefficient. The function 
lated to the maximum packing fraction @ - 

m' 

is re-  

The elastic moduli of a large number of composite systems have 
been calculated from the table values of Einstein's coefficient [22, 231. 
In most cases, good agreement was observed between the experimental 
and theoretical predictions [24]. 

In another theoretical approach suggested by Guth [25], Young's 
modulus, Y, of a composite has been related to Young's modulus of the 
liquid resin, Yo: 

Y = Yo( 1 + 2.5@v + 14.1Qv2 ) (5) 

where Qv is the fractional volume occupied by the spherical f i l lers and 
is further related to the tensile strength u of the composite: 

fJ = aO( l  -@vp's)  
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where go represents the tensile strength of the resin present in the 
mix. It should be realized that Guth's relation (i.e., Eq. 5) holds 
good only for spherical particles. In an attempt to apply Eq. (5)  to 
nonspherical particles, Cohan [27] introduced a shape factor, f ,  which 
i s  equal to the ratio of the length to  the diameter of nonspherical 
particles. The modified Guth' s relation would be 

Y = Yo( 1 + 0.67f+v + 1.62f 2+v2 ) ( 7) 

One of the essential features of Eq. (7 )  is that it can be applied to  
both rodlike and plate-like fillers such as mica and vermiculite [28]. 

E X P E R I M E N T A L  P R O G R A M  

The mix proportioning procedures and sample preparations re- 
mained exactly the same a8 outlined in our earlier papers [ 11- 131. 
Phenol formaldehyde (Fig. 1) and diglycidyl ether of bisphenol A 
(Fig. 2) were the resins employed in this work. The liquid hardner 
triethylene tetramine (TETA) was used. 

These resins are macroporous and have good dimensional stability. 
The mixture composition data for all the mixes are presented in Table 
1. Samples of a 2.54 cm cube were prepared by adding varying amounts 
of asbestos to the waste materials. The sand and resinous mass was 
kept constant in all the mixes. For  each composite, three sets of ex- 

FIGURE 1. 

I 
H-C-H I I 

H-C-H H-c-H 

H-C-H 
I I I 

FIGURE 2. 
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POLYMERIZED LIGHTWEIGHT FIBROUS COMPOSITES 5 19 

TABLE 1. Mixture Composition Data 

Composition (% by weight) 

Epoxy + 
Aluminum hardner 

Series Sand Asbestos Waste material silicate mixture 

x-I 10 10 40 
x-I1 10 20 30 
x-Ill 10 30 20 

7 33 
7 33 

7 33 

periments were performed. A l l  the specimens were cured in a i r  for  
28 days, and the mechanical tests were performed as per standard 
specifications [ l l ,  291. 

R E S U L T S  AND DISCUSSION 

Physicomechanical properties of polymerized composites derived 
from industrial wastes a re  presented in Table 2. With an increase in 
the amount of asbestos, a decrease in unit weight was observed. How- 
ever, other mechanical properties such as compressive strength, ten- 
sile strength, and modulus of elasticity were found to be in increasing 
order. The thermal property, namely, thermal conductivity, did not 
show any systematic trend. Since silica in these mixes was kept con- 
stant, we could not derive any trend in mechanical properties with 
silica. A similar behavior in properties was observed for composites 
derived from agrowastes and naturally occurring waste materials. 
These data a re  presented in Tables 3 and 4, respectively. 

It should be noted that, in general, the composites derived from 
agricultural wastes a re  much lighter and their mechanical properties 
better than the industrial and naturally occurring waste materials. Thus, 
even the presence of a small amount of asbestos in the aggregate did 
not drastically affect the properties of the end products. 

The reasons for the improvement in strength are  not fully under- 
stood and are  still the subject of considerable research. The polymer 
is distributed throughout the pores of the mix, acting as a filler to the 
microcracks, which tend to eliminate fracture propagating behavior, 
resulting in a decrease in stress.  The improvement in strength can 
also be attributed to interfacial bonding [31]. The nature of the inter- 
face between the matrix and filler phases seems to play an important 
role in changing the behavior of a composite. One assumption in the 
discussion up to this point is that there is good adhesion between the 
phases, so there is no motion at  the interface. Another implicit 
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TABLE 5. Properties of Some Lightweight Concretes and Other 
Building Materials 

Material 

Compressive 
Unit weight strength 
k / m 3  ) ( kg/cma ) 

Dense o r  gravel concrete 
No fines gravel concrete 
No fines crushed granite concrete 
No fines crushed limestone concrete 
No fines clinker concrete 
Clinker concrete 
Foamed blast furnace slag concrete 
"Aglite" (expanded shale) concrete 
"Leca" (lightweight expanded clay) 

Fly a sh  concrete (semi-dry mixes) 
Fly ash concrete (fully compacted 

"Lytag" ( cellular aggregate) concrete 
Perlite concrete 
Distomite concrete 
Sawdust concrete 

concrete 

mixes) 

2400 
1600- 1860 
1710 
1850 
1300- 1460 
1050- 1700 
970- 1780 
1620- 1750 

810 
1150-1230 

1490- 1570 
1050 
320-810 
700- 1000 
640- 1600 

- 
49- 88 
77 
70 
- 
21-70 
12 6- 230 
210-350 

- 
45-70 

105-195 
42 
8 

22-114 
17-350 

assumption is that the particles a re  dispersed so that there are no 
particle-particle interactions. By changing the nature of the interfaces, 
one o r  both of these assumptions can be made invalid. An example is 
to measure the mechanical damping [30]. Since mica proved to in- 
crease the damping, in this investigation we have employed mica. A 
further increase in damping was observed when the mica surface was 
treated with dichlorodimethyl silane which supposedly destroyed the 
polymer-mica adhesion, thus encouraging agglomeration of mica par- 
ticles and thereby increasing particle-particle interactions. We 
assume that the increased damping comes from slippage at the inter- 
face and from particle-particle contacts. 

In all cases the strength properties of our composites a re  much 
better than some of the lightweight building concrete materials [32] 
(see Table 5). The percent of water absorption was, however, found 
to be somewhat higher (data not presented in our tables) compared to 
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524 AMINABHAVI, BIRADAR, AND HOLENNAVAR 

our ear l ier  materials [ l l -131 .  This high percent of water absorption 
might have been due to the presence of hydroxy groups in phenol- 
formaldehyde resin, thus attracting more water molecules. 

C O N C L U D I N G  R E M A R K S  

From the foregoing discussion it can be concluded that the use of 
health hazardous asbestos can be minimized to produce high strength 
and low weight concrete materials that can be of immense use not 
only in building technology but also in several  other related applica- 
tions. The fibrous materials used in the present investigation have 
been derived from industrial, naturally occurring, and agrowastes. 
The properties of these end products have been proved to  be quite 
comparable to and in some cases somewhat better than normal cement 
concrete. It is also seen that even phenol-formaldehyde binds very 
well with the fibrous materials employed here. It has been proved 
that several other fibrous materials can be used successfully to  re- 
place the heavy usage of asbestos in building technology. 
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