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The kinetics of the first order autocatalytic decomposition reaction of nitrocellulose (NC, 13.86% N) was stud-

ied by using DSC. The results show that the DSC curve for the initial 50% of conversion degree of NC can be de-

scribed by the first order autocatalytic equation 16.3 16.7d 181860 173050
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and that for the latter 50% conversion degree of NC described by the reaction equations 
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Introduction 

Much attention has been paid to nitrocellulose con-
taining 13.86% of nitrogen as an ingredient of propel-
lants. The kinetics of the first order autocatalytic de-
composition reaction of nitrocellulose (NC) containing 
12.60% 13.42% of nitrogen has been reported,1-3 but 
the kinetics of the first order autocatalytic decomposi-
tion reaction for NC (13.86% N) has not been studied. 
In this work, we studied the kinetics of thermal decom-
position processes of NC (13.86% N). 

Experimental 

Materials 

The nitrocellulose containing 13.86% of nitrogen 
used in this work was prepared and purified according 
to Ref. 4. 

Experimental 

In the present experiments, the initial data needed for 
calculating all the kinetic parameters were obtained us-
ing a CDR-1 differential scanning calorimeter (Shang-
hai Tianping Instrument Factory, China) with an alumi-
num cell. The conditions of the DSC analyses were: 
sample mass, about 0.7 mg; heating rate, 18 K min 1, 

respectively; calorimetric sensitivities, 20.92 mJ s 1; 
atmosphere, static air; reference sample, α-Al2O3; the 
precision of temperature was 0.25 K; the temperature 
and heat were calibrated using pure indium and tin 
powders. Heating rate β was calculated according to the 
actual rising rate of temperature from 50  to the 
temperature at the end of reaction. 

Results and discussion 

Solution of the first order autocatalytic equation for 
the thermal decomposition reaction of NC under 
non-isothermal conditions 

The first order autocatalytic equation for the thermal 
decomposition of NC under isothermal conditions is  
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where y is the fraction of the unreacted reagents; T the 
temperature, K; t the time, s; k1(T) the rate constant of 
the first order reaction, s 1; k2(T) the rate constant of the 
first order autocatalytic reaction involving the reaction 
products, s 1, defined by  
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where A is the pre-exponential factor, s 1; E the activa-
tion energy, J mol 1; R the gas constant, 8.314 J �

mol 1 K 1. 
If the heating rate (β) under non-isothermal condi-

tions is defined by 
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substituting the Eq. (3) into Eq. (1) gives 
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This is a Bernoulli’s equation. In order to obtain the 
solution of Eq. (5), the variables in Eq. (5) can be sepa-
rated to give  
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By introducing the notation: 1−= yz , one obtains: 
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which is a first order linear equation and can be solved 
by the variation of parameter. 

For the corresponding first order homogeneous lin-
ear equation 
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sparating its variables gives 
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where T T0 T; y y0 y; z z0 z and y0 1, z0 1. 
Integration of Eq. (10) gives 
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where S1(T) and S2(T) are the integrals of the Arrhenius 
function, the Eq. (12) may be expressed as  
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Setting 
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where 
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Substituting Eq. (19) into Eq. (8), we have 
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Substituting z z0 1, S1(T0) 0 and S2(T0) 0 when 
T T0 into Eq. (18), we obtain 
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Integrating Eq. (22), yields 

0 0

( )

1 2
2 1 2

( )

1
d ( ) ( ) exp ( ) ( ) d (24)

V T T

V T T

A A
V T k T S T S T T

β β β
   =− ⋅ − +     

∫ ∫

and  

0

1 2
2 1 2

1
( ) =1 ( ) exp ( )� ( ) d

T

T

A A
V T k T S T S T T

β β β
   − ⋅   
   

∫ �  (25) 

Substituting Eq. (25) into Eq. (18), we obtain 
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This is the solution of the first order autocatalytic 
kinetic equation under non-isothermal conditions. Eq. 
(27) describes the temperature dependence of the con-
centration for the first order autocatalytic reaction be-
fore the inflection point in the DSC curve (for NC, the 
point corresponds to about 50% of conversion degree). 

Solution of the kinetic equation for the thermal de-
composition in the deceleration period under noniso-
thermal conditions 

The rate equation for nth order for describing the 
deceleration period after the inflection point in the DSC 
curve (for NC, the point corresponds to the latter 50% 
of conversion degree) is 
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where )(3 Tk  is the rate constant of the decomposition 
reaction in the deceleration period defined by  
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Inserting Eq. (3) into Eq. (28), we get 
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and inserting Eq. (33) into Eq. (32), we have 
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Eqs. (34) and (35) are the solutions of the decompo-
sition reaction kinetic equation in the deceleration pe-
riod under non-isothermal conditions. They describe the 
temperature dependence of the concentration for the 
latter 50% of conversion degree in the DSC curve. 

Numerical method for solving the first order auto-
catalytic kinetic equation and the simple kinetic 
equation 

With respect to Eq. (27), functions Q(T) amd W(T) 
are introduced and defined by Eqs. (36) and (37), re-
spectively 
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Inserting Eqs. (36) and (37) into Eq. (27), we obtain 
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The data from the DSC curve are Ti, yi; i 1, 2, , 
N, in which the initial 50% of conversion degree in-
cludes m points of data (Ti, yi; i 1, 2, , m), and the 
latter 50% of conversion degree includes (N m) points 
of data (Ti, yi; i m 1, , N). Inserting the initial m 
data into the function of sum of squares of deviation, we 
obtain 
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We worked out programs by using Powell’s optimi-
zation method5 to evaluate the minimum of the objec-
tive functions, in which the integrals EX1i, EX2i, and 
WXi are calculated by using Gauss numerical integra-
tion method containing 16 nodes. The three-point quad-
ratic parabola method 6 is used in the one-dimension 
searching of the Powell’s method. 

The objective function of Eq. (34) is  
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The objective function of Eq. (35) is 
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Similarly, the minimums of F2 and F3 are calculated by 
Powell’s method. 

Calculated results of the kinetic parameters of the 
autocatalytic reaction 

The original data (Ti, yi; i 1, 2, , 129) used for 
the calculation of E1, E2, A1, A2, E3 and A3 including the 
data from the first part of the DSC curve (Ti, yi; i 1, 
2, , 50) and those of the remaining part (Ti, yi; i
50, , 129) are taken from the DSC curve in Figure 1. 

 

Figure 1  Typical DSC curve for NC (13.86% N) at a heating 
rate of 18 K min . 

The kinetic parameters determined by fitting Eqs. 
(27), (34) and (35) to the experimental data by using 
Powell’s optimization method are given in Table 1. 

Conclusions 

According to the above-mentioned results, we think 
that the DSC curve for the initial 50% of conversion 
degree of NC can be described by the first order auto-
catalytic equation 
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Table 1  Results of analysis of the thermal decomposition data for NC (13.86% N) by Eqs. (27), (34) and (35) 

y Eq. E1/(kJ mol 1) E2/(kJ mol 1) A1/s
1 A2/s

1 E3/(kJ mol 1) A3/s
1 n SDa 

(27) (n 1) 181.86 173.05 1016.3 1016.7    0.0433 
1.00 0.50 

(35) (n 1)     154.82 1016.4  0.0559 

0.50 0.03 (34) (n 1)     155.27 1016.9 2.80 0.0650 
a SD: standard deviation: 0.0433, 0.0559 and 0.0650 are the values of SD corresponding to functions F1, F2 and F3, respectively. 
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and that for the latter 50% conversion degree of NC 
described by the reaction equations 
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