
Unusual Effect of Filler ( CaCO,) on Thermal Degradation 
of Polyurethane 

S. K. DOLUl 

Central Building Research Institute, Roorkee 247667, India 

SYNOPSIS 

The thermal degradation of polyurethane is exothermic in nature. The addition of CaC03 
inverts the exothermicity to endothermic behavior in the presence of air. 0 1994 John Wiley 
& Sons, Inc. 

INTRODUCTION 

The addition of fillers and additives in plastic is well 
recognized to impart desired properties to the virgin 
plastic such as improvement of strength, fire re- 
tardancy, UV r e s i ~ t a n c e , ~ ? ~  and for cost effective- 
nesx8 Polyurethane is widely used to manufacture 
f ~ a m , ~ , ' ~  elastomer, 11,12 coatings, l3 fibers, l3 etc. The 
toxic emissions from polyurethane on burning and 
thermal degradation are very objectionable and in- 
jurious to health.14f1' During a study of effects of 
various fillers such as CaC03, Fez03, and FeSO, on 
emissions from polyurethane on thermal degrada- 
tion, we have observed that CaC03 drastically 
changes the degradation pattern of polyurethane 
( P U )  in thermal degradation. It inverts the exo- 
thermic behavior of PU to endothermic character- 
istic. This could help in hindering fire propagation 
in polyurethane. 

We have used two polyurethane samples (1) 
polyurethane made from epoxy-based polyol and 
hexamethylene diisocyanate received from Krishna 
Products Ltd., India (Product code AY15 & AB15, 
without pigment and fillers) (PU-1) and ( 2 )  poly- 
mer prepared'6-'8 from castor-oil-based polyol and 
toluene diisocyanate ( mole ratio of components: 
glycerol : castor oil : TDI = 1 : 1 : 2.4; nitrogen con- 
tent in product 5.5%; solvent EA) (PU-2). Both the 
polymers are two component systems. Fillers 
CaC03, Fe203, and FeSO, all are AR grade. 
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Film Preparation 

Both the components were mixed first in a vessel 
fitted with a stirrer. To the mixture, various fillers 
were added, 4% separately in each set, and mixed 
thoroughly. The mixture was poured over a glass 
plate and kept as such at room temperature (25°C) 
for 24 h, then in an oven at 60°C for 5 h for final 
curing. 

Thermal Analysis 

Simultaneously thermogravimetric analysis ( TGA) 
and differential thermal analysis (DTA) were re- 
corded with a thermal analyzer from Stanton Red 
Croft, London, in air at a heating rate of 10"C/min. 

RESULTS AND DISCUSSION 

Results are summarized in Table I and show that 
addition of CaC03 changes the exothermic charac- 
teristics of polyurethane. Other fillers, Fe203 and 
FeS04, could not produce any change in degradation 
pattern except the number of steps (Fig. 1 ) . The 
degradation behavior of PU-1 and PU-2 is almost 
the same in trend toward filler addition. Unmodified 
PU decomposes in two steps and modified PU de- 
composes in three steps. In the TGA/DTA curve 
for PU-1, the junction of steps 1 and 2 (temperature 
500°C) shows a small valley (endo) but it is well 
above the base line. CaC03-modified PU shows en- 
dothermic degradation (step 2) that is far below the 
baseline. Other fillers, Fe203 and FeS04, do not pro- 
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Table I Thermal Degradation Results" 

Degradation Pattern 

Temp. Range Nature' 
Sample Stepsb ("C) (AT)  % Wt. Loss Remarks 

PU-2 1 
2 

PU-2+ 1 
Fez03 2 

3 
PU-2+ 1 
CaC03 2 

3 
PU-1+ 1 
CaC03 2 

3 

235-500 
500-650 
236-375 
375-525 
525-650 
237-390 
390-530 
530-655 
235-437 
437-530 
550-650 

Exo 
Exo 
Exo 
Exo 
Exo 
Exo 
Endo 
Exo 
Exo 
Endo 
Exo 

73 
27 
37 
40 
23 
51 
25 Huge endotherm below baseline 
24 
54 
30 Huge endotherm below baseline 
16 

a Summarized from TGA/DTA curves. 

' Average trend of' heat curve (DTA) in particular region. 
Steps are separated where plateaux are reached in the weight loss curve. 

duce such a drastic change; in each step, small valleys 
that are well above baseline are present. Pure CaC03 
decomposes at  850-860°C (peak temperature) with 

an endotherm." It was thought that emission of 
acidic components such as HCN may cause early 
decomposition of CaC03. However, the addition of 
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Figure 1 TGA/DTA curves of PUS and modified PUS. ( a )  PU-2: showing two-step 
degradation (exo) with a small valley (endo) at 50OoC; ( b )  PU-2+CaC03: changes the 
degradation pattern drastically, depicting three-step degradation with a huge endotherm 
well below base line; ( c )  PU-2+Fe203: showing three-step degradation (overall exo); and 
( d )  PU-l+CaC03: drastic change in degradation pattern, showing three-step degradation 
with a large endotherm well below baseline. 
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Figure 2 DTA curves of PVC and modified PVC. Ad- 
dition of CaC03 does not produce any change in degra- 
dation pattern. 

CaC03 does not change the degradation pattern of 
polyvinyl cholride ( PVC ) where initial dehydrohal- 
ogenation is strong. We have verified that the deg- 
radation pattern of PVC and polyethylene (PE) re- 
main undisturbed with addition of CaC03 (Fig. 2 ) .  
This behavior of CaC03 could be well exploited to 
make fire-resistant polyurethane. In fire propaga- 
tion, the degradation step produces maximum heat 
and makes room for further fire propagation as well 
as degradati~n.~ Generally, either pure CaC03 is 
added to polymer as a filler or CaC03 is added with 
diammonium phosphate in polymer as a fire-resis- 
tant additive. 

We are not aware of any report that pure CaC03 
could be added as a fire-resistant additive. The ad- 
dition of CaC03 in PU acts like heat sink at higher 
temperature. The technique might be applicable to 
other nitrogen-containing polymers. The reason for 
this behavior is not known. It is possibly due to the 
presence of nitrogen in the polymer and the added 
calcium makes a difference at  high temperature. To 
find out the reason for this behavior, a study is in 
progress and details will be published shortly. 
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