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TG measurements have been performed on red lead under (a) isothermal (b) dynamic
conditions, under a constant flow of nitrogen.

The results have been analyzed to establish the decomposition kinetics and calculate
the activation energies.

In the case of isothermal decomposition, it is concluded that rate of diffusion of
gaseous products is the controlling factor, while in dynamic decomposition nucleation
and growth within the Pb,O, particles is important.

Mixtures of red lead (Pb,O,) and silicon (Si) have commercial and military
applications as delay compositions for use mainly as fuses. It is of importance to
understand the burning characteristics of Pb,0,/Si mixtures of differing composi-
tion. DTA studies have been carried out on the mixtures by Al-Kazraji and Rees
[1], and also on PbO/Si mixtures [2].

To complement these studies a detailed TG analysis of Pb;O,, under both
isothermal and dynamic conditions, was undertaken and the results analyzed by
the method developed by Doulah [3].

Experimental

A Perkin — Elmer TGS-2 apparatus was used for measuring the weight loss of
the sample as it was subjected to controlled conditions. Approximately 20 mg
samples were used and TG was performed under a constant flow of dry nitrogen
(25cc/min) in both isothermal and dynamic conditions.

For the isothermal study, temperature ranged from 520—580°, while for the
dynamic study, the rate of heating was varied from 5°/min to 40°/min.

Decomposition kinetics

The solid decomposition of the form
X(s) > Y(s) + Z(9)
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can be studied by weight loss of the gaseous products and the rate of decomposi-
tion can be represented by the equation

do
rr Kf() 0))

where f(«) is the function of the decomposition extent «, and K is the rate constant
which is expressed by the Arrhenius law

K = ng—E'/RT (2)

where E is the activation energy, K, the pre-exponential factor, R the gas constant
and T the temperature.
It has been shown [3] that do/d? can be expressed by

do BY(t)\F1
=55 a-e ®
to yield, after integration the function
FAY:
a=1—eh) @)

where f and y are parametric constants which can be determined experimentally.
Equation (4) can be linearized by expressing it in logarithmic form

Inln ‘=ﬁlnt—ﬁlny. &)

By use of this equation f can be obtained from the slope of a straight line that

vs. In ¢, and y can be found

should resuit when the data are plotted as Inin T

from the intercept of the straight line.
Comparison of Eqs (1) and (3) shows that

K = (B[7).
Application of the Arrhenius law gives

RT0.63

In(Bfy) = + In K, ©)

where T, 45 is the temperature corresponding to o = 0.63 at which, as was shown,
Eqgs (4) and (1) coincide.

For isothermal decomposition, Ty 45 is taken to be the same as decomposition
temperature. For the case of decomposition under dynamic conditions, To.gs
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was determined from « — 7' measurements and the temperature was varied linearly
with time, .

Results and discussion

The results of isothermal decomposition of PbyO, at four temperatures are
given in Fig. | showing the change of « with time.
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Fig. 1. o versus t for Pb;0, (isothermal)

1
Fig. 2. Inln [1

) versus In ¢ (isothermal)

To check Eq. (5) the results were plotted as Inln (7/1 — &) vs. In¢ in Fig. 2
which shows that the data agree with Eq. (5) very well. The values of § and vy
for the decomposition temperatures are given in Table 1. In Fig. 51n (f/y) is drawn
versus 1/T; g5, Which gives a linear fit for the data satisfying the Arrhenius law
with an activation energy of 240 kJ/mol.
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Results obtained under dynamic conditions are shown in Fig. 4 indicating
change of a vs. temperature at different heating rates.
In Fig. 5, ¢ has been calculated from the relationship

t =(T - Tyle

where O is the rate of temperature rise from Tyto 7. The values of f, y and T ¢4
are given in Table 1.
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Fig. 3. o versus t for Pb;0, (dynamic). Heating rate: 1. 5°/min; 2. 10°/min; 3. 40°/min;4.80%min

The plot of In (B/y) versus 1/T g5 is given in Fig. 3 which indicates reasonable
agreement with the Arrhenius law. The activation energy is found in this case
to be 282.7 kJ/mol.

As can be seen the activation energy of the decomposition of Pb,O,, under
isothermal and dynamic conditions, is different. These results may be interpreted
in the light of the mechanism of decomposition.

This is done by applying Eq. (4) to various model functions developed on the
concept of solid state reactions. It has been found that when B = 1, decomposi-

Table 1

Results for the decomposition of PbzO,

Isothermal Dynamic
Temp., K 8 Hea})t/i;fnrate P
793 1.25 5 3.08
823 1.23 10 35
838 1.08 40 40
853 0.97 80 47
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tion follows a first order decay law, I < 8 < 3, and rate of decomposition
is controlled by the rate of progress of product boundary. When § > 3 it
indjcates nucleation and growth type decomposition expressed by Mampel’s
power laws, and when f < 1 the rate of diffusion of gaseous products is the
controlling step in the decomposition process.

p values, for the decomposition of Pb,O, at 793 and 823 K, indicate a reaction
mode that occurs mainly at the interface between the product layer and the un-

Fig. 4. Inln (l !

) versus In t (dynamic)
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reacted part of the Pb;O, particles, with a rate controlling step being the rate of
progress of the interface. If this rate is faster than that of nucleation and growth,
the decomposition is obviously controlled by the rate of nuclei formation which
follows a first order law and has 8 = 1. The decomposition at 838 K is found to
approach this situation.

When the surface growth of nuclei is very rapid, the product layer formed
becomes thick at the initial stage of decomposition. Further decomposition depends
on the rate of diffusion of gaseous products. It appears that the decomposition of
Pb;0, at 853 K conforms to this form of decomposition with § = 0.97.

B values obtained for the decomposition under dynamic conditions are found
to be different from those for isothermal decomposition. For § > 3 this cor-
responds to the mechanism of decomposition in which nucleation and growth
occur at different localities in the Pb,0, particles without the overlapping of nuclei.
As this mechanism is different from that for the isothermal case it is expected
that the activation energy would be different, and is in fact larger.
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RisuME — On a effectué des mesures TG sur du cinabre en conditions a) isothermes et b) dyna-
miques, sous courant constant d’azote. On a analysé les résultats afin d’établir la cinétique
de la décomposition et de calculer les énergies d’activation. Dans le cas de la décomposition
isotherme, on a conclu que la vitesse de la diffusion des produits gazeux était le facteur
contrdlant la réaction, tandis que lors de la décomposition dynamique la nucléation et la
croissance des particules de Pb;0, jouaient un réle important.

ZUSAMMENFASSUNG — TG-Messungen wurden an Zinoberrot unter a) isothermen und b) dyna-
mischen Bedingungen, in einem konstanten Stickstoffstrom durchgefiihrt. Die Ergebnisse
wurden analysiert um die Zersetzungskinetik zu ermitteln und die Aktivierungsenergien zu
berechnen. Im Falle der isothermen Zersetzung wurde gefolgert, daBl die Diffusionsgeschwin-
digkeit der gasférmigen Produkte der steuernde Faktor ist, wihrend bei der dynamischen Zer-
setzung die Keimbildung und das Wachstum innerhalb der Pb;O,-Teilchen von Bedeutung ist.

Pestome — C nomounpio TT mpoBeAeHs! HCCIASAOBAHUS KPACHOTO CBUHLA B M30TEPMUYECKUX H
HHHAMHYECKHX YCIIOBUSAX IIPH ITOCTOSHHOM TOKe a301a. [IpoBeneH aHAIH3 PE3yIbTATOR C LEIBIO
YCT2HOBJICHWS] KHHETUKY PA3IIOKEHUS M SHEPTUH akTHBaLMH. B cilyyae H30TEpMHUYECKOTO Pa3io-
JKEHAA YCTAHOBJIEHO, YTO KOHTPOJHUPYIOIIHM (PaKTOPOM SBIACTCH CKOPOCTh mudy3nu ra3o00-
Pa3HBIX NPOOYKTOB. B YCIOBUAX OMHAMMYECKOTO PA3JIOKEHHS BaXKHBIM SBIAETCS MpOUEce 00-
pasoBanus 3aponsimeif B camux Pb;O,.

J. Thermal Anal. 20, 1981



