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Abstract

Two methods for estimating the critical temperatdrg 6f thermal explosion for the highly
nitrated nitrocellulose (HNNC) are derived from the Semenov’s thermal explosion theory and two
non-isothermal kinetic equationsy/dt=Af(o)e =" and du/dt=Af(o)[1+E/(RT(1-T/T)]e =X, us-
ing reasonable hypotheses. We can easily obtain the values of the thermal decomposition activa-
tion energy E), the onset temperaturé) and the initial temperatur@) at which DSC curve de-
viates from the baseline of the non-isothermal DSC curve of HNNC, and then calculate the criti-
cal temperaturelf) of thermal explosion by the two derived formulae. The results obtained with
the two methods for HNNC are in agreement to each other.
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Introduction

HNNC containing 14.14% of nitrogen has the potential use as an energetic ingre-
dient of propellants. Its critical temperatuiig)(of thermal explosion has never been
reported so far. The aim of this work is to present two methods for estimating the
value ofT,. The data needed for the two methods can be obtained by the non-isother-
mal DSC measurement alone.

Theoretical

The enthalpyd,) of thermal decomposition reaction per unit time for HNNC can
be expressed by the equation

_ ~VDda (1)

whereQ is the enthalpy of the thermal decomposition reaction in J'melis the
volume of HNNC loaded in cind is the loading density in g ¢y M is the mole
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mass of HNNC in g mot andda/dt is the reaction rate. According to previous pa-
pers [1, 2], the reaction rate may be expressed as

‘jj—(f = Af(oc){l + R%(l - %ﬂeE’RT (2)

wherea stands for the conversion degrédor the temperature (Kj(a) for the dif-
ferential mechanism functionsfor the time,R for the gas constan for the pre-
exponential factor, anB for the activation energyl.,, is the initial temperature at
which the DSC curve deviates from the baseline when the heating rate tends to zero
in K.

In the general cadén)=(1-a)", wheren stands for the reaction order. Since the
transition from thermal decomposition to combustion starts in the range of low con-
version degree, i.ef(a)~1, the enthalpy of decomposition reaction in unit time for
one mole HNNC may be expressed as

Q= QA{l + R%(l - %ﬂeﬂ” (3)

At the same time, the amount of heg) fransferred by the wall of the reactor to
surrounding medium in unit time is

0 =K(T-TyS (4)

whereS is the external surface of the loaded sample iR &fris an overall heat
transfer coefficient in J ctAK™ s, T, is the temperature of the reaction wall and
surroundings according to the linear relationshpT,+pt, wherep is the heating
rate in K min*. When the thermal explosion starts, Eq. (4) becomes

G2 = K(Tp — Ted)S (5)

whereTy, is the thermal explosion temperature of HNNC in K (Fig.T3}js the on-
set temperature in the DSC curve under linear temperature increase condition when
j tends to zero (Fig. 2).
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Fig. 1q,—q, relation
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dH / dt
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Fig. 2 Schematic diagrams of typical DSC curves of thermal decomposition for energetic ma-
terials

According to the Semenov’s thermal explosion theory [3] the sufficient and es-
sential conditions from thermal decomposition to thermal explosion are as follows:

@7, = (@7, (6)

dq dq
A7,

When the thermal explosion starts, Eq. (3) becomes

Q.= Qﬁ{l + R—Tb[l T ﬂe‘E’ RTp (8)

Differentiation of Eq. (3) with respect taives

dql ert, E (AT [2Too . E (. Too
g1, = Qe RTZ( j rem (©)
Differentiation of Eq. (4) with respect taives
dg dT
1, s{(d—tj— B} (10)
b
Combining Egs (5), (6) and (8), we have

Q{1+—[1— H e R = KTy, — Teo) (11)

Combining Egs (7), (9) and (10), we have

4 ﬂ —E/RT, E (dT 2Too i _h
A fornlomtw] e
b

Mutiplying both sides of EqQ. (12) by§-Teo, we obtain
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k{(%j - B} Ty~ Ted =
b (13)

_ OAcERT, E_(dT) [2Too  E (1 Too)|— _
= QA€ bR—Tﬁ(dtJi T, +RTb 1 T, (Tp — Teo)
Substituting Eq. (11) into Eq. (13), we obtain
dT E|2T,, E Too
| P —i +o1-—||(To—T
(dtjb RE T RTb[ Tbﬂ( b~ Teo (14)
(de B 1.-E(q Too
at y—]q_ =00
dt b RTy Ty
As the thermal explosion star{giT/dt),>>f, and Eq. (14) may be simplified to
the form

E(Tp - Too) + 2RTyToo E T-T.y=1 (15)
RTo+E(T-Too RT :

or
RETS + RETS - (3RET,, + E)TE + (16)

(E?Too+ E?Tyo + 2RETooToo) Tp — E?TegToo=0

Equation (16) is the relation formula for estimating the critical temperature of
thermal explosion of HNNC under linear temperature increase conditions.
Similarly, the following equation can be obtained d/d=Ae E'Rf(x).

_E_

T - 17
RT%(Tb Teo) =1 (17)

Substituting the measured valuesTgf, TeoandE or the values ofcandE, re-
spectively, into Eq. (16) or Eq. (17), the valu€elgis obtained.
Experimental
Materials

HNNC (14.14% N) used in this work was prepared and purified at our institute.

Instrument and conditions

In the present experiments, the initial data needed for calculating all the kinetic
parameters were obtained using a CDR-1 differential scanning calorimeter (Shang-
hai Tianping Instrument Factory, China) with an aluminium cell. The conditions of
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the DSC analyses were: sample mass, about 0.7 mg; heating rates, 1, 2, 5, 10 and
20 K min%, respectively; calorimetric sensitivities20.92 and+41.84 mJ s'; at-
mosphere, static air; reference sampleAl,Os; the precision of temperature was

0.25 K; the temperature and heat were calibrated using pure indium and tin powders.

Results and discussion

The measured values pf Ty andTe; (i=1,2;--,5), the calculated value &, by
the Kissinger’'s method and the obtained valuek,ghnd T, Wwhenp tends to zero,
together with the reasonable valuesTgfobtained by substituting the above-men-
tioned values into Egs (16) and (17), are shown in Table 1. It can be seen that the cal-
culated values of,, obtained by the two different methods agree well to each other,
clearly demonstrating that Eqs (16) and (17) are suitable for estimating the values of
Ty for HNNC.

Table 1 The calculated values of the critical temperature of thermal explosion for HNNC
(14.14% N)

B/ ) T/ T/ E/ N Tod Ted oK
K min" K K kJ mor K K Eq. (16)  Eq. (17)

21.386 455.9 481.7 171.4
10.770 448.9 473.4

5.202 443.9 465.7

2.211 443.4 457.9

1.059 440.9 451.2

f—0 440.9 446.3 453.3 456.4

B - heating rateT, - initial temperature at which the DSC curve deviates from the baseline;
T.— onset temperature in the DSC curkg, — apparent activation energy obtained by Kissinger’'s
method [4]

* * *
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