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ABSTRACT

In LaNig/H; systems fast exothermic formations exhibit a complex relation-
sbip between the reaction rate and the sample mass. A decrease in the reaction
rate is particularly observed when the mass is reduced in the range of 30 to
5 mg. It is shown here that heat flow cannot be the regulating step.

INTRODUCTION

Kinetic studies of solid-gas fast exothermic reactions set up the troubling
problem of determining if heat accunulation occurs ; and as a consequence if
the resulting heat flow can be, Ln fact, the regulating step which imposes the
reaction rate. This artefact has been put forward in the LaNig/H2 system (ref. 1)
to explain the large differences in the obtained values of the reaction rate :
from 0.0831 mn~ (ref. 2) to 30 mn_l in a recent work (ref. 1), An experimental
way of precisely stating the preceding peint is an investigation of the rela-
tionship between reaction rates and sample masses : if the reactlon rate is only
dependent on a chemical step, it must nol be affected by relatively large chan-
ges in the sample mass, on the contrary, the heat flow could be one of the para-
meters involved in a decrease of the reaction rate when the sample mass is in-
creased.

In this paper microthermogravimetry under hydrogen pressure 1s chosen to re-
investigate the kinetics of the reversible LaNig hydride formatioms according

to equation 1

LaNij + 3H2 ~ LaNi H. ARf = - 30.2KJ/H2 8D

APPARATUS SAMPLES AND PROCEDURE

Microthermobalance

The hydrogen high pressure microbalance (0-10MPa) 1s bullt from a genuine
Setaram MIB 10-8 symmetrical - beam zero microbalance. The limiting accuracy is
! .g. Mass compensation is by electromagnets and detection in position is car-

ried out by the use of a lamp and photo cells. This modulus is placed in a high
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pressure hell fitted with two laboratory-tubes. The device 1s as symmetrical as
possible (two samples, one of them is inert) and a double svmmetrrical furnace.
Pressure is measured with a Bourdem lab. Manometer, temperature is recorded from
a chromel-alumel thermocouple located inside the laboratorv tube just bemeath
the sample holder.

The device can be evacuated In a primary vacuum.

The La.‘{i5 alloys have been prepared and characterized at the CNRS rare earthb
ladoratcry of Bellevue, France. The bulk is crushed in small pellets and laid
in a stainless steel cylinder 10 mm in diameter.

The samale mass ranges from 10 mg to 300 mg ; such a mass corresponds to a
layer of approximatly 1.5 mm for the 300 mg and scattered clusters for the 10 mg.
The average size of the gralns is 5 pm. The hydrogen usced is "U" quality from
"Alr Liquide" which contains, according to the manufacturers, 5 ppm of watcr va-
por and 5 ppm of oxvgen.

Hydride formations are carried out, under constant PHQ and imposed remperatu-
res, as a function of time. From the sigmoidic formatien curves the reaction ra-
te is obtained by drawing the tangent when t = tO.S and by calculating the tan-

gent slope. is expressed in W par second and corresponds to the half reac-

R
0.5
tion rate value.

EXPERIMENTAL RESULTS

Figure 1 gives, as an example, the family of straight lines obtalned when the
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Fig., 1. Reaction rate R
ratures.,

0.5 versus the hydrogen pressure for four imposed tempe-
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redction rate ls plotted against the pressure [or four imposed temperatures, The

intersection of these lines with the P”Z axis gives the "equilibrium pressure Pe"

whose value 1s used to calculate /P = (PH2 - Pe), P is the actual pressure pa-—
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Fig. 2. Reaction rate RO.S as a function of AP = (PH2 - Pe).

rameter In che reaction rate equation, such a transposition is shown in figure 2

for a sample masse of 3! mg. In figure 3 the different reaction rates obtained
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Fig. 3. Reaction rate versus hydrogen pressure as a function of the sample mass.
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with four masses under Lhe same conditions are gathered. A sviathesis of these
results is given in ficure 4 which represents the reaction rate change as a func-—
tion of the sample mass under an imposed cemperature of £, = 21°C and a "Py, of

0.5 MPa. It is to be noted that the reaction vate changes mailnly with a change
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Fig. 4. Reaction rate as a function of sample mass. The value noted bv a star
has been obtained in ref, 2 with a mass of 5 mg.

in mass and that this diagram is divided into Lwo parts by a4 sharp maximum in

the reaction rate near a mass of 30 mg. On the left there is a linear decrease

in RO 5 when the mass is decreased {(the slow value of ref. 2 obtained with a
mass of 5 mg and marked by a star fits this diagram well). On the right side of
the figure there s a decrease in R, 5 when the mass 1n increased.

To test the part played by heat flow on the preceding results, a serics of
experiments has been carried out under cthe same conditions of device, mass of
sample, pressure and imposed temperatures but with the thermocouple head inside
the powder (the sample holder being disconnected from the beam and placed direc-
tly on the thermocouple head). The recorded quantity is 4T = T Ti in which
AT is the difference between the sample temperature Ta and the imposed tcmpera-
ture in the gas Ti' The results are given for the masses of 310 mg and 30.9 mg
respectively in figures 5 and 6. Tt appears that : first a temperature increase
AT occurs with the rcaction, grearer for a mass of 310 mg than for a smaller
mass ; AT decreases when '[‘_.L increases from 21.1°C to 50°C. Secondly, such dia-
grams allow recalculating for each mass and each pressure the actual temperatu-

res T wich have to be assign rto rhe preceding experimenral reaction rate values.
a
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Fig. 5. AT : difference between the actual temperature T
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and the imposed Lempe-

rature Ti as a function of the imposed temperature and of the hydrogzen pressure.
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Fig. 6. AT : difference between the actual temperature inside the sample and

the imposed temperature.
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Such new [unciions in which the reaction rate is plotted as a funcrion Ti and

Tq are shown for the two masses in figures 7 and §. The new funcrtions are dedn-
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Fig. 7. Reactien rate versus
a) the actual temperature inside the sample
b) the imposed temperature of the gas.

ced from the preceding ones by a translation egqual to AT. The corrected function

RU 5 = f(m) which takes into account the heat effect assoclated with the reac—

tion is represented by a doted line in figure 4. It is evident, that this correc-
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Fig. 8. Reaction rate versus
a) the actual temperature inside the sample
b) the imposed temperature of the gas.
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tion does not modify the relationship between the reaction rate and the sample

mass. In other words, it deoes not make R independent of the mass as one could

0.%
expect it 1f the heat flow were the regulating step.

CONCLUSIONS

One notices that these exothermic formarions induce a heat accumulation
during fast reactions. This heat accumulation is expressed by a difference bet-
ween the temperature inside the sample and the imposed temperature (LT varying
as the square root of the mass 1In the explored domain). The resulling heal flow
1s not the regulating step since all correctlions do not restore a reaction rate
independent of the sample mass. The most intriguing result is the decrease in
reaction rate when the mass is decreased to samples of a few mg. One hypothesis
which can be set up in this system, is that if surface reactions play a part

in the regulating step as generallv admitted in LaNL. system {(ref. 3, 4, 5).

5
When a mass of sample placed in a fixed volume, which contains a number of in-
hibiting molecules, is reduced for instance hy a factor of two ; in fact, it
corresponds to an increase, in the same proportion, in the surface of the sample

which 1s inhibited by these impurities, and as & consequence, of the same de-

crease in the rteaction rate.
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