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This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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Response to Comments on "Kinetics of Endothermic Decomposition Reactions.
2. Effects of Solid and Gaseous Products." : :

Dear Sir: ‘ - ’ °
As Dr. Bertrand points out. (see Comment above), under many

experimental conditions. decomposition rates are limited by rates of heat

transfer or gas phase diffusion. Furthermore,bdifferent portions of

large samples are usually subjected to different thermal fluxes and to
different loéal'product gas pressures and in consequente decompose‘at

different rates. For these reasons, we share his pessimism about devel-

.oping a theory that will predict decomposition rates for arbitrarily set

conditions. However, our experimental and theoretical studies are direc-

ted not toward the predictionAof rates under such complex circumstances,

but toward developing a better understanding of the chemical mechanismS’.
of decomposition reactions.

For this purpose, we have.adoptedl an experimental strategy that
has proved highly successful in studies of the kinetics of congruent
vaporizatio‘n,2 This strategy is to establish conditions under which
neither heaf transfef nor.gas_phase diffusion limits reaction rates.

We work with low reaction fluxes, with near-black body radiation heating,
and with small samples of knownsurface areas; Tﬁen phemonena such as the
Smith-Topley effect,3 which Dr. Bertrand and his'colleagues have  shown
to‘be conSequénces of thermal gradients,4 do not 6bscure the chemical
kinetiés,

Although our experimental strategy simplifies the problem of
tﬁeoretical interpretation of decomposition reaétion data, that problem

still remains more formidable than for congruent vaporization. Most
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theoretical treatments of decomposition reactions havevassuméd withdut
comment that only a siﬁglevchemical process, usually a pfocess on the
reactant surfacé, need be considéred.5 But as a decomposition.reaction,
’ séy AB(s) - A(s) + B(g), pfoceeds a usual_consequencevis that small vol-
ume elements that originélly contained AB(s) are replaced by smaller

. By ;7

volume elements of A(s) plus pores. In our theoretical papers we

argued that this observation'implies that for.such a dedomposition re-
:action, ndt only the slowest surface readtion step, but also thfee
additiOnal condensed phase steps, as well as escape of the gdseous pro-
duct through‘the porous solid product,_must'proceed concurrently and
that, in principle, any of these five processes may be slow enough to
influence the decomposition rate. We then derived limiting.rate équa—
tions, which predicted the dependence of measured rates on prdduct gas
pressure, on possible metastability of the solid product, and on the
pore dimenéions of the solid product.' |

Dr. Bertrand qdestions whether our fourAcondensed.phase stepé‘are
.sufficient fo.describe all endothermic decomposition redctioﬁs that
yield porous products,_and he alsp duéstions &hetﬁer our desigdated
four steps are all necessary.

We have always agreed that when experimental data justified doing
so, one or more of the:condenéed phase steps could be further sub-
divided. For example, in'interpreting datavfor BaCO3 decompdsition,8
we subdivided the surface step of our dodel into a desorption étep and
an earlier surface step and concldded that the desorption could not be

rate limiting, but that an earlier surface step could be. We hope that

experimental data may sometimes be of sufficient quality to warrant the
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' 9,10 _
use of still more complex models of the surface step”’”~ or of other
. 7 '
reaction steps.

‘We are persuaded by the evidence cited by Dr. Bertrandll’12

that

;he mbvement of ;he solid reaction coﬁponent A and its interfacial trans-
fer step, which our médel assumes to be Separéble,;sometimés can occur

ih a single stéﬁ, a strain—induced transfofmation. If so, the straiﬁ-
induced transformation must form the solid reéction product A(s) at a
rate coupled to the rate of diffusion of the gaseous reaction cdmponent

B from inside the solid reactant phase AB to the surface and of .a sur-
face transfer step for B. ”

Cooperative phenomena such as strain-induced transitions presumably
occur very rapidly throughout a sﬁall volume element of AB(s) whenever
the stress leyel exceeds a critical vaiue. For decomposition reactions,
the stress pfesumably is a coﬁsequence of depletion of B in the reactaﬁt
phase nea;-the reaction front. Thus the rate limifing_process must.be
condensed phase diffusion of B, and the rate law applicable for decom-
pdsition in vacﬁum should be thét derived6 on tﬁe assumption that the
condensed phaée.diffusion step of B is the slowest step‘of_decompoéition,

We do not expect, however, that if the solid product is formed by.
a strain-induced transition, the rate will show the simple linear de-
crease.with increased product gas pressﬁre that ié predicted by §ur
model.7 When the gas preésure has become high epough,tq maintain the
concentration Qf B at a.level,too high_to permit cooperative movement
of.volume elements of tﬁe size that transform in vacuum, a new steady
state may be establishéd in which the transition results from a lower

level of unit strain‘Which has :accumulated in larger volume elements of
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the reactant. We plan to investigate this interesting problem.
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