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INTRODUCTION

On the basis of physical properties, solid polymers can
be elastomers, thermoplastics and thermosetting. Cross linking
is a chemical bond between polymer chain other than at ends,
cross linking determines physical properties as, they increases
the molecular weight and limits the translational motions of
the chains with respect to each others. Only few cross-links
can minimize the solubility of a polymer and can make gel
polymer which is insoluble and can absorb solvents in which
the uncross polymer is soluble, as the cross linking increases,
chain will not allow the solvent molecules to enter into the
spaces between the chains [1].

Polyurethane composites having fillers [2,3] for various
endeavors like wear resistance, environment stability, flame
retardant and others. Present polymeric materials envisage the
bulk utility of the hazardous waste fly ash by synthesizing fly
ash-reinforced polyurethane composites using homogenous
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mixture of 1,4-butane diol and 1,1,1-trimethylol propane as
cross linking agents. Filler loading effects the gelation time
wherein high concentration of the filler enhances the viscosity,
which minimizes the molecular motion. Excessive filler
concentration adversely affects the extent of polymerization
as it hinders the contact between the unreacted reactants and
prepolymer.

In present work, polymeric matrix synthesis uses poly-
ethylene glycol-600 as binder [4,5], homogenous mixtures of
diols (1,4-butane diol) and triols (1,1,1-trimethylol propane)
as cross linking agents [6,7] in different w/w ratios and toluene
2,4-diisocyanat as curing agent. Optimized condition for
complete polymerization in synthesis of polyurethane matrix
and fly ash reinforced polyurethane composites was mainly
studied by keeping 3:2 w/w ratio of binders and curing agents
constant and varying the w/w ratio of binary components of
cross linking agents and ratio of cross linking agents itself
with respect to binders and curing agents [8]. Effect of w/w



ratio of binary components (1,4-butane diol and 1,1,1-trime-
thylol propane) of cross linking agents on mechanical properties
of fly ash-reinforced polyurethane composites was also the
part of present study.

EXPERIMENTAL

For polyurethane composite synthesis binders: PEG 600,
curing agent: toluene 2,4-diisocyanate (TDI) and cross link-
agers [9]: 1,4-butane diol, 1,1,1-trimethylol propane were used
of AR grade (Sigma Aldrisch). Drying process applied at 105
°C to remove any water content in isocyanate so that no reaction
occurs between isocyanate and water that can form CO2

bubbles otherwise it causes deformity in the polymer. Wooden
mold material for casting was used, AL-40 (ALFA-40, JIVIKA
company New Delhi) a silicon spray is used as a mold release.

The cured polyurethane-foams were cut as per the
ASTMD638 Type I standards for mechanical testing by Universal
testing machine UTE-40 (FiE make, NEI limited, Gujrat)

Filler fly ash waste material [10] was dried at 110 °C for
2.5 h to remove any humidity, which can cause bubble forma-
tion and may degrade the quality of polymer material.

General procedure

Polyurethane synthesis [11]: (a) Experimental mixing
of different composite formulation was carried out by hand
mixing in a beaker taking care that no air bubble gets entrapped
inside the mix. Liquid ingredients (PEG-600, 1,4-butane diol
and 1,1,1-trimethylol propane [12]) were charged in a beaker,
the whole mass was mixed for 0.5 h and later fly ash was
added to the mix, stirred to form a homogenous paste, later
subjected to vacuum to drive the entrapped air out. Cross linkage
is essential part of polymer synthesis wherein the chain of
polymers are interlocked for which diols and triols of cross
linking agents having specific weight ratio (1:2,2:1 and 1:1)
have been used in the present work.

(b) Drying process was performed at 105 °C to remove any
moisture contents in curing agents (TDI) to check undesired
chemical reactions between isocyantes and water, which develops
carbon dioxide bubbles making highly porous polyurethane-
foam.

(c) TDI was added to the polyol system and mixing was
carried out for another 1-2 min.

(d) Whole resin mass (binders and cross linking agents)
with curing agents after mix is subjected to wooden mold pre
applied with mold release AL-40. After curing polyurethane-
composite [13-15] was removed from mold and left for seven
days for complete curing process. Samples were prepared as
per the ASTMD638 Type I.

Function of the curative agent is to link the OH of the binder
(hydroxyl compound) with NCO of the curative agent [16]
(isocyanate compound) other liquid additive in the composite
mixture may have OH equivalent and need to be taken into
account for calculating the amount of the curing agent.
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Wcurative = weight(mass) of curative agent (g); EWcurative = NCO
equivalent weight of curative; Wn = Weight (mass) of each
liquid compound; EWn = OH equivalent weight for each liquid;
IR = index ratio of NCO to OH.

On the basis of above calculations the w/w ratio selected
for the matrix formulation is 3:2 of binders and curing agents
[17], respectively.

Too much curative agent or too less will degrade the requi-
site mechanical properties of the polymer. Slight concentration
of water (about 0.01 % shall require 0.16 g more amount of
curative agent. So the filler (fly ash) and curing agents shall
be made free from the moisture before using them for the
polyurethane composite synthesis.

Characterization: Hardness [18,19] of fly ash-reinforced
polyurethane-composites was evaluated by durometer. Tensile
strength, Young modulus, were evaluated by universal testing
machine, UTE-40 (NEI, Vadodara). SEM (ZEISS, Germany)
of selected samples was done for evaluation of the cell morpho-
logy and filler dispersion in the fly ash-reinforced polyurethane
composites. Relationship between SEM study and extent of
polymerization was used to show effect of w/w ratio of cross
linking agents at constant w/w ratio of binders and curing
agents. Characterization of cross linking agents components
(1,4-butane diol and 1,1,1-trimethylol propane) and their mixture
thereof, binders (PEG-600) curing agents (TDI), polyurethane-
composites, was done by ATR (ALPHA, Bruker, USA) and
FTIR (TENSOR27, Bruker, USA).

Spectroscopic characterization of cross linking agents, curing
agents, polyurethane-foam

The binary component (1,1,1-trimethylol propane and 1,4-
butane diol) of cross linking agents have a common charac-
terizing peak for OH group around 3600-3200 cm–1. 1,4-Butane-
diol has two peaks (symmetric and asymmetric stretching
bands) of methylene only around 2925 cm–1. While 1,1,1-trime-
thylol propane is showing two extra stretching bands of methyl
along with methylene around 2925 cm–1. Cross linking agents
homogenous mixture of 1,4-butane diol and 1,1,1-trimethylol
propane shows the characteristic peaks of OH around 3200
cm–1 and methyl along with methylene 2925 cm–1 with 1450
cm–1 of methyl group.

The curing agent TDI used in experiment is characterized
by the presence of stretching band of –N=C=O functional group
around 2249 cm–1 and –C=C-stretching bands of benzene ring
around 1611, 1578, 1522 cm–1, the peaks characterizing the
curing agents signifies the aromatic nature of curing agents,
the chain extender used in the experiment is PEG-600, presence
of broad and less intense peak around 3600-3200 cm–1 indicates
the presence of hydroxyl group, while strong and intense peak
around 2925 cm–1 shows the presence of methylene as a part
of polymeric chain.
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The polyurethane foam formed after the reaction of OH
functionality of binders and cross linking agents with NCO
functionalities of the curing agents is characterized by the
formation of urethane links –NHCOO-, indicated by the IR
peaks for N-H stretching band around 3309 cm–1 and C=O
stretching around 1711 cm–1.

RESULTS AND DISCUSSION

Effect of concentration ratios (w/w) of components of cross
linking agent in the extent of polymerization of fly ash
reinforced polyurethane composites

The polyols of cross linking agents i.e. 1,4-butane diol
[20] and 1,1,1-trimethylol propane [21] were taken in the ratio
2:1 (w/w). It was found that incomplete polymerization takes
place when 16.66 % (w/w) cross linking agents was taken
however cross linking agents with 9.09 % (w/w) results in the
formation of the polyurethane matrix and composite thereof,
this composition was suitable for the fly ash-reinforced compo-
site synthesis, provided the ratio by mass of BN:CRA::3:2
(Table-1). The extent of polymerization was analyzed by the
SEM image wherein the agglomeration of filler fly ash is seen
in the matrix (Fig. 1) at 16.66 % (w/w) of cross linking agents
representing the incomplete polymerization, while SEM image
in Fig. 2 at 9.09 % (w/w) of cross linking agents concludes
the complete polymerization wherein the filler fly ash is
uniformly distributed in the polyurethane matrix, both having
2:1 (w/w) ratio by mass of 1,4-butane diol and 1,1,1-trimethylol
propane with 3:2 ratio (w/w) of binders and curing agents.

The ratio of polyols of cross linking agents (1,4-butane
diol [20] and 1,1,1-trimethylol propane [21-25]) was reversed
in the second experiment with w/w ratio of BD:TMP::1:2. It
was found that no polymerization takes place when 16.66 %
cross linking agents was used. However cross linking agents
at 9.09 % results in the synthesis of the polyurethane at the
same ratio by mass of BN:CRA::3:2 (Table-2). The extent of
polymerization can be analyzed by the SEM image wherein
the cluster of filler fly ash restricted to a small domain is seen in
the polyurethane matrix (Fig. 3) at 16.66 % (w/w) of cross linking
agents representing the incomplete polymerization, SEM image
in Fig. 4 at 9.09 % (w/w) of cross linking agents concludes the
complete polymerization wherein the filler fly ash is uniformly
distributed in the polyurethane matrix, both having 1:2 (w/w)
ratio by mass of 1,4-butane diol and 1,1,1-trimethylol propane
with 3:2 ratio (w/w) of binders and curing agents.

Fig. 1. SEM image showing the incomplete formation of the fly ash rein-
forced polyurethane composite (fly ash clumping in polyurethane
matrix)

Fig. 2. SEM image showing the formation of the fly ash reinforced poly-
urethane composite (uniform distribution of fly ash in polyurethane
matrix)

TABLE-1 
EFFECT ON POLYMERIZATION BY VARYING THE CONCENTRATION RATIO BY MASS OF CROSS LINKING AGENTS  

AT CONSTANT CONCENTRATION RATIO 2:1 BY MASS OF 1,4-BUTANE DIOL (BD) AND 1,1,1-TRIMETHYLOL PROPANE (TMP) 

BD:TMP (w/w) Cross linking agents (wt %) Binders (wt %) Curing agents (wt %) Result 

2:1 16.66 50.00 33.33 Incomplete polymerization 
2:1 9.09 54.54 36.36 Complete polymerization 

 
TABLE-2 

EFFECT ON THE EXTENT OF POLYMERIZATION BY VARYING THE CONCENTRATION RATIO BY  
MASS OF CROSS LINKING AGENTS AT CONSTANT CONCENTRATION RATIO1:2 BY MASS OF  

1,4-BUTANE DIOL (BD) AND 1,1,1-TRIMETHYLOL PROPANE (TMP) 

BD:TMP (w/w) Cross linking agents (wt %) Binders (wt %) Curing agents (wt %) Result 

1:2 16.66 50.00 33.33 Incomplete polymerization 
1:2 9.09 54.54 36.36 Complete polymerization 
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Fig. 3. SEM image showing the incomplete formationof the fly ash rein-
forced polyurethane composite.( fly ash clustering in polyurethane
matrix)

Fig. 4. SEM image showing the formation of the fly ash reinforced poly-
urethane composite (uniform distribution of fly ash in polyurethane
matrix)

In the third experiment the ratio of polyols of cross linking
agents i.e. BD:TMP::1:1 (w/w) was taken, it was found that
the synthesis of the polyurethane-polymerization take place
with the cross linking agents weight percent as 9.09 % whilst
incomplete polymerization with the cross linking agents 16.66
% was noticed The same matrix was used for the synthesis of
the fly ash-reinforced composite, provided the ratio by mass

TABLE-3 
EFFECT OF POLYMERIZATION BY VARYING THE CONCENTRATION RATIO BY MASS OF CROSS LINKING AGENTS  

AT CONSTANT CONCENTRATION RATIO 1:1 BY MASS OF 1,4-BUTANE DIOL AND (BD) 1,1,1-TRIMETHYLOL PROPANE (TMP) 

BD:TMP (w/w) Cross linking agents (wt %) Binders (wt %) Curing agents (wt %) Result 

1:1 16.66 50.00 33.33 Incomplete polymerization 
1:1 9.09 54.54 36.36 Complete polymerization 

 

of BN:CRA::3:2. (Table-3). The extent of polymerization was
analyzed by the SEM image where clumping of filler fly ash
restricted to a small domain is seen in the polyurethane matrix
(Fig. 5) at 16.66 % (w/w) of cross linking agents representing
the incomplete polymerization, SEM image in Fig. 6 at 9.09 %
(w/w) of cross linking agents concludes the complete polymeri-
zation wherein the filler fly ash is uniformly distributed in the

Fig. 5. SEM image showing the incomplete formation of the fly ash rein-
forced polyurethane composite.(agglomeration of fly ash in
polyurethane matrix)

Fig. 6. SEM image showing the formation of the fly ash reinforced poly-
urethane composite (uniform distribution of fly ash in polyurethane
matrix)
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polyurethane matrix, both having 1:1 (w/w) ratio by mass of
1,4-butane diol and 1,1,1-trimethylol propane with 3:2 ratio
(w/w) of binders and curing agents.

The effective polymerization for the synthesis of polyure-
thane based matrix and its fly ash reinforced composite thereof
was when the ratio of concentration by mass of BN:CRA:CLA
::3:2:0.5 or by weight percent as 9.09 % (cross linking agents),
54.54 % (PEG), 36.36 % (TDI) no matter cross linking agents
which is the binary mixture of 1,4-butane diol and 1,1,1-trime-
thylol propane was of w/w ratio by mass as1:1 or 1:2 or 2:1.The
above experiments gives the remarkable ratio of cross linking
agents by mass as 0.5 and by weight percent 9.09 % in formula-
tion of polyurethane matrix and composites which is indepen-
dent of the ratio by mass of the binary components of cross
linking agents.

Effect of cross linking agents binary component ratios
on mechanical properties [10,26] of fly ash-reinforced com-
posites: Fig. 7 shows the tensile strength and young modulus
(33 MPA and 16.5 GPA) of fly ash reinforced polyurethane
composites with binary component wt. ratio 1:1 of 1,4-butane
diol and 1,1,1-trimethylol propane of cross linking agents.
Fig. 8 shows the tensile strength and Young modulus (28 MPA
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Fig. 7. Load vs. displacement for polyurethane composite at 1:1 w/w ratio
of 1,4-butane diol and 1,1,1-trimethylol propane
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Fig. 8. Load vs. displacement for polyurethane composite at 1:2 w/w ratio
of 1,4-butane diol and 1,1,1-trimethylol propane

and 14 GPA) of fly ash reinforced polyurethane composites
with binary component ratio of cross linking agents as 1:2
(BD:TMP) and Fig. 9 shows tensile strength; 13 MPA and
Young modulus 6.5 GPA of fly ash reinforced polyurethane
composites with binary component ratio of cross linking agents
as 2:1 (BD:TMP).
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Fig. 9. Load vs. displacement for polyurethane composite at 2:1 w/w ratio
of 1,4-butane diol and 1,1,1-trimethylol propane

Mechanical properties viz. tensile strength (TS), Young
modulus (YM) and hardness were evaluated for fly ash rein-
forced polyurethane composite and were found to depend on
the wt/wt ratio of binary components of cross linking agents
(Table-4).

TABLE-4 
TENSILE STRENGTH, YOUNG MODULUS AND  
HARDNESS OF POLYURETHANE COMPOSITE 

BD:TMP Tensile strength 
(MPA) 

Young modulus 
(GPA) 

Hardness (HRI) 

1:1 33 16.5 52 
1:2 28 14.0 76 
2:1 13 6.5 38 

 
Conclusion

The polyurethane matrix and fly ash-reinforced polyure-
thane composite complete polymerization is independent of
the ratio of 1,4-butane diol and 1,1,1-trimethylol propane in
cross linking agents while depends on the wt % of cross linking
agents in the mixture. The mechanical properties of fly ash-
reinforced polyurethane composite depends on the (w/w) ratio
of 1,4-butane diol and 1,1,1-trimethylol propane of cross linking
agents.
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