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ABSTRACT 

The influence of atmosphere (inert or oxidizj~g) and addition of diethyl phthalate as 
plasticizer on the thermal degradation of ethyl cellulose has been investigated by thermo- 
gravimetric, differential thermogmvimetric and differential thermal analysis techniques. In 

the present of an inert atmosphere, the decomposition of ethyl cellulose and plasticized ethyl 
cellulose occurs in one and two endothermic steps, respectively. In the presence of air, the 
decomposition of ethyl cellulose with or without plasticization is a very complex process 
occurring in a number of exothermic stages. In the thermal decomposition, the plasticized 

ethyl cellulose yields more carbonaceous residue. 

INTRODUCTION 

Ethyl cellulose has been used extensively as an inhibitor fur radial 
burning double-base racket propellants [l-3]. This thermoplastic material 
has a number of other applications. Diethyl phthalate is a plasticizer 
commonly used for ethyl cellulose to achieve the thermal and mechanical 
properties required for its application as a thermoplastic material, especially 
as a r~ket-propellant inhibitor. It is therefore of great interest to know the 
influence of the addition of diethyl phthalate as a plasticizer for ethyl 
cellulose on its thermal degradation under inert and oxidizing atmospheres. 
Surprisingly, no study on this matter has been reported in the literature so 
far. Even the thermooxidative degradation of cellulose is a poorly studied 
phenomenon f4J The present investigation was undertaken for the above 
purpose. 

* Author to whom correspondence should be addressed. 
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EXPERIMENTAL 

The preparation and characterization of ethyl cellulose (having a specifi- 
cation conforming to CS 2724) and its plasticization have been described 
previously [3]. 

The ethyl cellulose (with different concentrations of diethyl phthalate) 
samples were dried in an air oven at 353 K for 4 h before using them for the 
thermal analysis. 

The thermogravimetric (TG), differential thermogravimetric (DTG) and 
differential thermal analysis (DTA) data on the ethyl cellulose samples were 
obtained under inert (N2) and oxidizing (air) atmospheres using an auto- 
matic thermal analyser (Netzsch model STA 409). The experimental condi- 
tions were: sample size 25 mg; reference compound a-alumina; sample 
holder platinum crucible; temperature range 303-873 K; heating rate 10 K 
min-‘; atmosphere static air, flowing air (100 cm3 min-‘) and nitrogen (100 
cm3 mm’). 

The cylinder gases (nitrogen and air) were of high purity ( > 99.99%) and 
passed over 4A molecular sieves to remove traces of moisture. 

RESULTS AND DISCUSSION 

Thermal analysis of plasticized ethyl cellulose in inert atmosphere 

The thermal curves (TG, DTG and DTA) for ethyl cellulose with and 
without diethyl phthalate as a plasticizer in the temperature range 303-873 
K in an inert atmosphere (maintained by passing oxygen-free nitrogen over 
the samples at a flow rate of 100 cm3 mm-‘) are presented in Fig. 1. The 
data obtained from the thermal analysis are given in Table 1. 

A comparison of the TG, DTG and DTA curves in Fig. l(a) and l(b) 
clearly shows an influence of the addition of diethyl phthalate plasticizer on 
the thermal degradation of ethyl cellulose. In the absence of plasticizer, the 
decomposition of ethyl cellulose occurs in a single stage and also the residue 
remained after the degradation is much lower. Whereas, in presence of the 
plasticizer, the decomposition occurs in two distinct stages resulting in a 
larger amount of residue (Table 2). It may be noted that the formation of 
higher residue (i.e. carbonaceous matter) is beneficial for a better inhibiting 
action of the ethyl cellulose. 

Thermal analysis of plasticized ethyl cellulose in presence of oxidizing atmo- 
sphere 

The thermal curves for the decomposition of ethyl cellulose containing the 
plasticizer at different concentrations (O-50 wt.%) in the presence of air 



T
A

B
L

E
 

1 

D
at

a 
on

 
th

e 
th

er
m

al
 

an
al

ys
is

 
of

 
et

hy
l 

ce
llu

lo
se

 
co

nt
ai

ni
ng

 
pl

as
tic

iz
er

 
(d

ie
th

yl
 

ph
th

al
at

e)
 

in
 

di
ff

er
en

t 
co

nc
en

tr
at

io
ns

 

C
on

ce
nt

ra
tio

n 
D

T
G

 
pe

ak
 

te
m

pe
ra

tu
re

 
(K

) 
D

T
A

 
pe

ak
 

te
m

pe
ra

tu
re

 
(K

) 
W

ei
gh

t 
lo

ss
 

(5
%

) 
of

 p
la

st
ic

iz
er

 
(t

em
pe

ra
tu

re
 

ra
ng

e,
 

K
) 

(w
t.%

) 
1 

2 
3 

4 
1 

2 
3 

4 
St

ag
e 

I 
St

ag
e 

II
 

St
ag

e 
II

I 

D
ec

om
po

si
tio

n 
in

 N
, 

(f
lo

w
 

ra
te

 
10

0 
cm

3 
rn

in
-‘

) 
0 

62
9 

_ 
- 

_ 
61

9 
- 

_ 
- 

90
.3

0 
_ 

- 

(b
ro

ad
) 

(4
55

-7
65

) 
23

 
49

2 
60

3 
_ 

- 
46

1 
59

7 
_ 

_ 
23

.8
6 

84
.6

0 

(4
06

-5
53

) 
(5

53
-8

84
) 

D
ec

om
po

si
tio

n 
in

 p
re

se
nc

e 
of

 a
ir

 (
fl

ow
 

ra
te

 
10

0 
cm

3 
m

in
-‘

) 
0 

45
4 

58
6 

70
2 

_ 
44

2 
59

6 
69

7 
_ 

3.
80

 
85

.9
6 

96
.7

6 
(4

36
-4

66
) 

(4
66

-6
39

) 
(6

39
-7

33
) 

6 
43

6 
58

0 
72

3 
- 

43
0 

51
1 

58
5 

71
8 

6.
50

 
82

.5
0 

95
.5

0 
(3

91
-4

54
) 

(4
54

-6
12

) 
(6

12
-7

96
) 

10
 

43
5 

49
2 

58
1 

72
3 

41
7 

48
9 

58
4 

71
2 

8.
17

 
83

.4
4 

95
.9

0 

(h
um

p)
 

(3
84

-4
54

) 
(4

54
-6

34
) 

(6
34

-7
28

) 

23
 

44
2 

50
2 

58
0 

72
3 

42
4 

49
6 

58
6 

71
8 

5.
60

 
83

.6
2 

94
.8

0 
(3

85
-4

48
) 

(4
48

-6
50

) 
(6

50
-7

33
) 

42
 

42
3 

50
1 

58
1 

72
2 

41
0 

49
5 

59
1 

71
7 

40
.9

5 
86

.6
4 

95
.0

0 

(h
um

p)
 

(3
77

-5
13

) 
(5

13
-6

34
) 

(6
34

-7
43

) 
50

 
50

1 
57

4 
72

3 
_ 

47
2 

57
7 

71
2 

- 
62

.1
0 

88
.6

5 
95

.0
0 

(3
57

-5
30

) 
(5

30
-6

39
) 

(6
39

-7
43

) 



176 
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Fig. 1. The TG, DTG and DTA curves for the thermal decomposition of ethyl cellulose (EC) 
with and without plasticizer (DEP) in the presence of nitrogen (flow rate 100 cm3 mine*). 

flowing over the sample (air flow rate 100 cm3 mm-‘) are presented in Fig. 
2. The data obtained from the thermal analysis are given in Tables 1 and 2. 

The results (Fig. 2 and Table 1) show that the decomposition of ethyl 
cellulose with or without plasticization is an exothermic process (as indi- 
cated by the maxima in the DTA curve) and occurs in a number of stages. 
The results in Table 2 reveal that the carbonaceous residue obtained after 

TABLE 2 

Carbonaceous residue obtained after the thermal analysis of ethyl cellulose with or without 
plasticizer 

Concentration of 
plasticizer in 
ethyl cellulose 
(wt.%) 

Carbonaceous residue (wt.%) 

Decomposition Decomposition 
in air in N, 

0.0 3.4 9.7 
6.0 4.5 _ 

10.0 5.0 _ 

23.0 5.2 15.4 
42.0 5.0 _ 
50.0 5.0 _ 
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Fig. 2. The TG, DTG and DTA curves for the thermal decomposition of ethyl 
containing plasticizer (DEP) at different concentrations in the presence of air 
cm3 n-k-‘). 

cellulose (EC) 
(flow rate 100 

the oxidative degradation is increased significantly because of the addition 
of the plasticizer. 

The weight loss at the lower temperature (< 460 K) is expected to be 
mostly due to the evaporation of volatile matter contained in the interstices 
of ethyl cellulose. The corresponding exothermic DTA peak indicates that 
the evaporated matter is oxidized. It may be noted that the weight loss due 
to the desorption and subsequent oxidation is decreased with the increase in 
the concentration of the plasticizer. The weight loss at the higher temper- 
ature (> 460 K) is due to an oxidative degradation of the ethyl cellulose and 
the plasticizer therein, as indicated by the exothermic DTA peaks. The 
overall oxidative decomposition of ethyl cellulose with or without the 
plasticizer is a very complex process and may involve a number of degrada- 
tion and oxidative reactions [4]. 
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CONCLUSIONS 

The thermal analysis of ethyl cellulose with or without plasticization by 
diethyl phthalate under an inert or oxidizing atmosphere leads to the 
following conclusions. In presence of an inert atmosphere, a thermal decom- 
position of ethyl cellulose occurs in a single endothermic step; whereas, the 
decomposition of plasticized ethyl cellulose occurs in two endothermic steps 
and results in a larger amount of carbonaceous residue. In presence of air, 
the thermal decomposition of ethyl cellulose with and without plasticization 
by diethyl phthalate is a very complex process occurring in a number of 
exothermic steps. The plasticization results in more carbonaceous residue in 
the oxidative decomposition. 

REFERENCES 

1 R.E. Kirk and D.F. Othmer, Encyclopedia of Chemical Technology, Vol. 5, Wiley-Intersci- 
ence, New York, 3rd edn., 1979, p. 143. 

2 C.G. Lawson, ERDE, U.K. Technical Memorandum No. 14/M/65, 1965. 
3 A. Chakrabarti and J.P. Agrawal, Ind. J. Technol., 24 (1986) 600. 
4 R.T. Conley, Thermal Stability of Polymers, Vol. 1, M. Dekker, New York, 1970, p. 523. 


