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Abstract

In this work, the phenomenon of long-term heat generation from Pd-Ni-Zr (PNZ) alloy samples in hydrogen was investigated using
differential scanning calorimetry (DSC). As a result, we succeeded in observing sustained heat generation when the PNZ sample
was maintained at temperatures in the 300–500◦C range. The fact that the DSC confirmed sustained heat generation over a short
period of time is very significant. This is because repeated measurements over a short period of time provide more information about
sustained heat generation. The relationship between sustained heat generation and hydrogen absorption behavior was examined in
detail. No sustained heat generation occurred at temperatures at which the hydrogen was absorbed, while sustained heat generation
occurred at the temperatures at which hydrogen was desorbed. The output of sustained heat generation decreased as the hydrogen
pressure was increased. These results indicate that sustained heat generation is different from the heat of hydrogen storage. It was
also found that sustained heat generation can be observed when the temperature is kept constant in the temperature range where
hydrogen is being desorbed. In addition, the results of the alloy phase changes of PNZs when heat-treated in hydrogen suggested
that the contribution of the alloy phase transition heat to sustained heat generation was small. Thus, it became clear that sustained
heat generation in PNZs was not due to the heat of hydrogen storage, and it was suggested that the contribution of the alloy phase
transition heat was small.
© 2023 ICCF. All rights reserved. ISSN 2227-3123
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1. Introduction

With the global depletion of petroleum resources, expectations for renewable energy are increasing [1], [2]. However,
it seems difficult to meet the overall demand of humankind with renewable energy alone. Therefore, it is important
to utilize the characteristics of existing energy resources and distribute them to the right place. In the field of thermal
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energy, it has been reported in recent years that metals in hydrogen generate heat for a long period of time. Although
this phenomenon does not have a large heat generation output, it is expected that the property that heat generation lasts
for a long period of time will be utilized as a heat source for applications such as vehicle propulsion [3].

If heat generation is sustained for a long period of time, the total calorific value becomes enormous. It is sometimes
said to be a phenomenon that is not explained by known science [4], but it is very important to clarify how much the
known heat generation phenomenon contributes to this heat generation phenomenon as the first step to elucidate the
mechanism. Despite this, few studies have examined the extent to which known exothermic phenomena contribute to
this long-term exothermic phenomenon.

As an example of such long-term heat generation, F. Celani et al. reported heat generation caused by heating a
CuNiMn wire. They repeatedly observed a heat generation of 2–12 W by heating an alloy wire 200 µm in diameter,
105 cm in length and 307.4 mg in weight to about 200◦C under 7 bar of diluted hydrogen [5], [6]. Because the wire
used is a very stable substance, it is assumed that heat generation due to the change of the sample structure during
heating does not occur. Furthermore, since the components of this wire do not absorb hydrogen, the heat of hydrogen
absorption in this system is expected to be very small.

Kitamura et al. sealed alloy powders such as Pd-Ni-Zr (PNZ) alloys or Cu-Ni-Zr (CNZ) alloys (approximately 100
g) in a vacuum-insulated container. After introducing hydrogen, the temperature was maintained at 200–300◦C and the
calorific value from the alloy sample was accurately measured with an oil flow calorimeter. They observed that heat
generation of 3–24 W continues for several weeks from both the PNZ alloy and the CNZ alloy [7]–[9]. Iwamura et al.
also made a similar experimental device and reported that heat generation was sustained for a long period of time from
PNZ and CNZ alloys [10]. The feature of these experiments is that heat generation is observed for a long period of time
from a vacuum-insulated container. Because the vacuum-insulated container can be regarded as an isolated system,
the heat generation factor can be limited to the alloy and hydrogen in the system. The heat generation mechanism
has not been clarified yet, but many examples of heat generation in PNZ alloys have been reported including in the
proceedings of academic societies [11]–[14].

In general, there are two types of heat generated from metals in hydrogen: “heat generated from hydrogen” and
“heat generated from metal”. The former includes the heat of hydrogen combustion, the heat of hydrogen storage
[15], [16], and the heat of hydrogen adsorption [17], [18]. Because gaseous oxygen existing in the measurement
system can be easily removed by vacuum degassing, it is not necessary to consider the heat of combustion of hydrogen
in the long-term heat generation phenomenon. Even if a small amount of oxygen remains, it is not possible for the
combustion reaction of residual oxygen to cause heat generation that lasts for several weeks. It is also unlikely that
hydrogen adsorption will occur over a long period of time. Therefore, the contribution of hydrogen storage heat should
be examined in detail in the heat generation derived from hydrogen. On the other hand, the latter heat generated from
metals includes the heat of metal crystallization [19], [20], the heat of phase transition of alloys [21], [22], and the heat
of amorphization of metal crystals [23], [24]. These may also be involved in heat generation for a long period of time,
but in this study, the effects of hydrogen storage heat were mainly examined.

Measurement of long-term heat generation is often performed using a large amount of sample material. This is
because the larger the sample amount, the larger the calorific value and the better the measurement accuracy. However,
using a large amount of sample has the disadvantage that it is difficult to elucidate some aspects of the phenomenon,
such as the temperature distribution occurring in the sample packed bed. On the other hand, in the thermal measure-
ment using a small amount of sample material, the measurement error becomes large, but the atmosphere around the
sample layer and the sample can be regarded as uniform. Therefore, in the study of heat generation mechanism, the
measurement using a small amount of sample material is more suitable.

Based on the above background, in this study, we used PNZ alloys, which are often reported to generate heat for a
long time, and strictly evaluated the heat generation behavior from a small amount of PNZ sample in hydrogen using
a differential scanning calorimeter. Furthermore, by comparing the hydrogen storage behavior and heat generation
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Table 1. Composition of PNZ samples used in this work.

Sample XRF analysis [mol%] ZrO2/NiZr2
mol ratioa)

Estimated molar ratiob) Estimated cont. [wt%]
Pd Ni Zr NiZr2/Pd ZrO2/Pd Pd Ni NiZr2 ZrO2

PNZ(1) 4.3 31.2 64.6 1.23 4.7 5.8 5.0 7.3 53.9 33.9
PNZ(2) 4.4 31.7 63.9 1.41 4.3 6.0 5.2 8.3 50.3 36.2
PNZ(3) 4.4 31.9 63.7 1.19 4.5 5.4 5.2 7.8 54.0 33.0

a) by RIR analysis, b) assuming that Zr exists either as NiZr2 or ZrO2

behavior of PNZ samples, it was revealed that the heat of hydrogen storage does not affect the long-term exothermic
phenomenon.

2. Materials and Methods

2.1. Pd-Ni-Zr (PNZ) Alloy Sample

The PNZ sample was provided by Nissan Motor Co., Ltd., and was a fine powder produced by oxidizing alloy ribbons,
which are obtained by the melt spinning method, at 450◦C for 60 h in air. The particle size of the PNZ powder is
less than 500 micrometer. Because of the oxidation treatment, the particle surface was mainly coated with zirconium
oxide, and the interior of the particle was composed of alloy phases.

The composition of the as-provided samples was analyzed using an EDX-7000 X-ray fluorescence spectrometer
(Shimadzu, Japan) (Table 1). The Pd:Ni:Zr molar ratio was approximately Pd:Ni:Zr = 1:7:15. To quantify the oxide
content formed by calcination, the results of X-ray diffraction (XRD) measurements as described below were analyzed
using the reference intensity ratio (RIR) method [25]. The main crystal phases were NiZr2 and ZrO2, and their
molar ratio was obtained as listed in Table 1. Although PNZ(1) – PNZ(3) were manufactured in different lots, their
compositions were almost the same.

2.2. Crystal Phase of PNZ

The XRD pattern of the PNZ sample was obtained using an Ultima IV diffractometer (Rigaku, Japan) using Cu–Kα
radiation (λ = 0.15418 nm) in the scattering angle (2θ) range of 20–80◦. The crystalline phase of the sample was
identified using the Joint Committee on Powder Diffraction Standards (JCPDS) database. The content of the main
metal alloy and ZrO2 was estimated using the RIR method [25].

2.3. H2 Absorption/Desorption Behavior

Hydrogen absorption and desorption were characterized by the temperature-programmed reaction (TPR) method using
a BELCAT-B catalyst characterization analyzer (Microtrac), equipped with a quadrupole mass spectrometer (QMS).
A sample of 100 mg mass was placed in a sample tube and heated at 5◦C/min while distributing 4.89 vol% hydrogen
gas (argon balance) under atmospheric pressure, and the change in the hydrogen concentration of the outlet gas was
analyzed by QMS. The temperature range was 30–800◦C. Measurements were also performed as required by holding
the sample at a predetermined temperature.

2.4. Exothermic/Endothermic Behavior

The exothermic and endothermic behaviors of the samples were evaluated by differential scanning calorimetry (DSC)
using a PT-1600H calorimeter (Linseis, Germany) with a controllable gas atmosphere. The apparatus can be set up with
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Figure 1. DSC thermogram of the PNZ (1) sample at elevated temperatures.

two containers, one for the measurement sample and the other for the reference sample, and the baseline measurement
was performed with both containers being empty. Thereafter, with the reference sample container empty, a sample of
25–100 mg was loaded into the measurement sample container, whereafter it was evacuated until the pressure became
lower than 10−3 Pa. Subsequently, high-purity hydrogen (99.9999 vol%) was flowed at a rate of 70 mL/min under
atmospheric pressure to begin the measurement. However, pressures up to 2.0 x 105 Pa were used in the experiments
to examine pressure dependence. During measurement, the sample was elevated to a predetermined temperature at
5◦C/min and maintained for 4 h. Following this measurement, the distribution gas was switched to helium, and
the temperature was cooled to lower than 30◦C. Thereupon, thermal measurements were performed at an identical
temperature profile in helium flow. The measurements in hydrogen and helium were repeated as necessary.

3. Results and Discussion

In previous reports, long-term exothermic phenomena have been observed under conditions where the temperature
is maintained at a fixed level. However, we first examined the heat generation behavior from PNZ samples while
increasing the temperature. Figure 1 shows the DSC output when the PNZ (1) sample was heated to 800◦C (5◦C /
min) in pure hydrogen. Exothermic peaks were observed near 100◦C and 520◦C, and endothermic peaks were observed
near 660◦C. As described below, these exothermic and endothermic peaks were attributed to hydrogen absorption and
desorption, respectively, and no anomalous heat generation was observed. In the report by Kitamura et al., long-term
heat generation of up to 10 W was observed using a PNZ sample of about 100 g, but even if a similar heat generation
phenomenon occurred in Fig. 1, it may be difficult to observe it as an exothermic peak during temperature rise.

Figure 2 shows the DSC measurement results of Ni metal powder that does not generate any heat in hydrogen.
After raising the temperature from room temperature to a predetermined temperature at 5◦C/min, the measurement
was carried out continuously at that temperature in H2 flow and He flow, in that order. When the temperature was
kept at 350–450◦C, the heat flow while the temperature was held steady was almost the same in H2 and He. Ni metals
should occlude almost no hydrogen in this temperature range and generate no heat. In this way, it was shown that the
heat flow of this device in H2 and He was the same in the absence of heat generation in H2 from the sample.

Figure 3 shows the results of DSC measurement of PNZ (1) – PNZ (3) under the same conditions as in Fig. 2.
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Figure 2. DSC thermograms of Ni powder in H2 and He flow.

Figure 3. DSC thermograms of a) PNZ (1), b), d), and e) PNZ (2), and c) PNZ (3) in H2 and He flow.

In the measurements in H2, a large exothermic peak was observed below 200◦C, and a small endothermic peak
above 200◦C for all the samples of PNZ (1)–(3) during the temperature increase process. As described below, these
exothermic and endothermic peaks were attributed to hydrogen absorption and desorption, respectively. Focusing
on the heat flow during a fixed temperature, the heat flow in H2 exceeded the heat flow in He for all the samples
of PNZ (1) – (3). The difference was 7–17 mW/g, which varied depending on the lot, but it is clear that there is a
difference in heat flow between H2 and He. The heat flow difference between H2 (1st) and He (3rd) of PNZ (2) is
plotted in Fig. 3 d), and the heat flow difference of 13 mW/g was continuously observed when the temperature was
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Figure 4. DSC thermograms of the a) Ni, b) pre-oxidized Ni, c) PNZ (3) when the temperature was periodically varied.

maintained. When the same experiment was repeated 4 times using PNZ (2), the heat flow difference when held at
450◦C was 13 ± 1 mW/g, with good reproducibility (Fig. 3 e).

In general, differences in DSC heat flow when holding a fixed temperature are often attributed to differences in
heat capacity or thermal conductivity of the samples. In the measurement in Fig. 3, the same sample is measured
continuously in hydrogen and helium, but the heat capacity or thermal conductivity may change as the sample absorbs
hydrogen. In order to determine whether the difference in heat flow during a fixed temperature is due to heat generated
from the PNZ sample, a DSC measurement was conducted in which the temperature was periodically varied (400 ±
5◦C at 5◦C / min) (Figure 4). The upper figures of Fig. 4 show the variation of heat flow in H2 (red line) and He (blue
line) with the temperature change (dashed line). The lower figures in Fig. 4 show the result of subtracting the heat
flow in He from the heat flow in H2 (red line) in the process of periodically changing the temperature in the upper
figures, along with the temperature change (dashed line). For the Ni metal powder measurement in Fig. 4 a), there was
no difference at all between the heat flow in H2 and He in the process of periodic temperature change. In Fig. 4 b),
pre-oxidized Ni was measured in He flow and H2 flow, in that order. In this case, the heat flow between H2 and He
was different in the process of periodic temperature change. The heat capacity or thermal conductivity was different
in both measurements due to the different oxidation state of Ni. The difference is considered to have appeared as
a difference in the heat flow of DSC. The lower figure of Fig. 4 b) shows that the difference between the heat flow
in H2 and He was constant even when the temperature was periodically changed. In addition, the phase of the heat
flow change coincided with the phase of the temperature change. When the heat capacity and thermal conductivity of
the sample differ in hydrogen and helium, the difference in heat flow appears during the periodic temperature change
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Figure 5. Effects of maintained temperature and pressure on differences between the DSC thermograms of PNZ (3) in H2 and He.

process, but the difference is independent of the periodic temperature change. On the other hand, in the PNZ(3) in
Fig. 4 c), the heat flow in H2 exceeded that in He during the periodic temperature change process, as in the fixed
temperature experiment in Fig. 3. As can be seen from the lower figure in Fig. 4 c), the difference between the heat
flow in H2 and He changed between 0–25mW/g with periodic temperature change. The maximum heat flow difference
of 25 mW/g was larger than the heat flow difference of 17 mW/g in Fig. 3 c). The hydrogen storage amount changes
with a temperature change of± 5◦C, but the amount of change must be smaller than the difference in hydrogen storage
in H2 (1st) and He (3rd) in Fig. 3 c). In addition, the phase of the heat flow difference change was shifted by about
1/4 period with respect to the phase of the temperature change. Therefore, it is clear that the PNZ samples generate
heat in H2. The fact that no decay of heat flow was observed during the 4-hour temperature holding period in Fig. 3
indicates that PNZ has a property of long-term persistence in its heat generation. Although these properties of PNZ
have already been reported, it is significant that this long-term sustained heat generation was confirmed by short-time
measurements using DSC. The reason for this is that by measuring under different conditions, much more information
about sustained heat generation can be obtained.

Next, we measured the heat flow of sustained heat generation, that is, the difference in heat flow in hydrogen and in
helium, under different conditions. Figure 5 shows a) the fixed temperature dependence and c) the H2 partial pressure
dependence of the heat flow of sustained heat generation from PNZ sample during a fixed temperature. In Fig. 5
a), the heat flow of sustained heat generation began to appear at temperatures higher than 250◦C, became maximum
at 400◦C, and decreased at temperatures higher than that. As shown in Fig. 5 b), sustained heat generation was not
observed when the temperature was maintained at 250◦C, where the heat generation was not completed during the
temperature increase. In Fig. 5 c), as the H2 partial pressure increased from 1 atm to 3 atm, sustained heat flow became
smaller. It is noteworthy that the higher the H2 pressure, the larger the hydrogen storage should be, but sustained heat
generation is smaller. These behaviors will be discussed later.

Since the PNZ sample was found to generate heat continuously in hydrogen, the hydrogen absorption behavior
of the PNZ sample was examined by the TPR method using QMS. Figure 6 shows the change in the QMS intensity
of hydrogen (m / z = 2) when the temperature is raised to 800◦C at 5◦C / min and the temperature is maintained at
800◦C. In the blank experiment measured without a sample, there was no change in the QMS intensity even when the
temperature rise was stopped at 800◦C. The baseline (dashed line in Fig. 6) was determined from the curve when the
temperature was maintained. The QMS intensity of water (m/z= 18) was also measured during this measurement, but
no water formation was observed in any of the samples. Therefore, the change in QMS intensity of hydrogen is due to
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Figure 6. QMS spectra of H2 (m/z = 2) when the temperature was increased and maintained using 4.89% H2.

the absorption and desorption of hydrogen by PNZ. Focusing on the change during temperature rise in Fig. 6, a peak
of hydrogen absorption (Peak 1) was observed near 230◦C. As shown in Table 1, the main alloy phase of the PNZ
samples is NiZr2. Aoki et al. obtained a hydrogen storage isotherm of NiZr2 at 200◦C [26], which is consistent with
the fact that the PNZ (1) sample absorbed hydrogen in this temperature range. The amount of hydrogen absorption
at Peak 1 was 1.5 mol/mol-NiZr2. This value is smaller than the previous reports (2.0 mol/mol-NiZr2) [27] in the
Ni-Zr alloy, but the main reason for this is that the absorption equilibrium has not been reached. From 300◦C to
800◦C in Fig. 6 (Range 2), hydrogen desorption was observed, which is evident from the step-like change in QMS
intensity when switching from increasing temperature to a fixed temperature (400, 600, 800◦C). The slow desorption of
hydrogen at Range 2 may be due to the slow rate of mass transfer within the alloy. Such slow hydrogen desorption by
heating in hydrogen has also been reported in Fe2Gd [28]. As the temperature continued to rise, a hydrogen absorption
peak (Peak 3) was observed at 550◦C and a hydrogen desorption peak (Peak 4) was observed near 740◦C. These
hydrogen absorption and desorption correspond to disproportionation of the NiZr2 phase and hydrogen desorption
from the disproportionation products, respectively. However, as shown in Fig. 5 a), little sustained heat generation
was observed in the temperature range above 500◦C. This suggests that the disproportionation of the NiZr2 phase in
hydrogen has little effect on sustained heat generation from PNZ. Here, we consider the relationship between sustained
heat generation and hydrogen storage heat. sustained heat generation occurs only in hydrogen, so the phenomenon
must require hydrogen. However, as shown in Fig. 5 b), sustained heat generation did not occur even when the
temperature was held constant in the range at which hydrogen is absorbed. On the other hand, Figs. 5 a) and 6
show that hydrogen desorption occurs in the 300–500◦C range where sustained heat generation occurs. Hydrogen
desorption is also confirmed by the endotherm observed during the temperature rising process in Fig. 3 d). These
results indicate that sustained heat generation in PNZ samples is different from the heat of hydrogen storage and that
sustained heat generation occurs during hydrogen desorption. To confirm this, DSC measurement was performed by
raising the temperature to 400◦C while supplying hydrogen, and switching the gas to helium at the start of holding the
temperature at a fixed level (Figure. 7). The vertical axis in Fig. 7 shows the difference from the heat flow measured
in helium from the beginning with the same temperature profile. When the gas was switched to helium at 400◦C, the
heat flow was disturbed, but heat generation was observed for about 2 h thereafter. The absorbed hydrogen should be
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Figure 7. DSC output of PNZ (3) when the temperature was raised in H2 and then maintained at 400◦C in He.

quickly desorbed at 400◦C in helium, but nevertheless heat generation occurred for about 2 h. This indicates that the
heat generated from the PNZ when the temperature is maintained is not due to the heat of hydrogen storage.

If we assume sustained heat generation occurs during hydrogen desorption, that would explain why heat generation
decreases as the hydrogen pressure increases. Furthermore, it can be understood that if sustained heat is generated
during hydrogen desorption, it was not observed by DSC measurement while raising the temperature. This is because
the endothermic process due to hydrogen desorption hides the minute heat generation. When switching from a rising
temperature to a fixed temperature in the QMSmeasurement shown in Fig. 6, the hydrogen desorption that had occurred
up to that point stopped immediately. Thus, it can be said that the hidden sustained heat generation became apparent
by maintaining the temperature at a fixed level.

The phenomenon of heat generation in a sample during hydrogen desorption can also be explained by the following
model. If a more stable hydrogen storage phase coexists apart from the hydrogen storage phase in which desorption is
observed and hydrogen transfer occurs between those phases, that is, small heat absorption (desorption) and large heat
generation (absorption) occur. If they occur together, as a result, heat generation may be observed during hydrogen
desorption. However, such a model cannot explain that the higher the hydrogen pressure, the smaller the heat flow
due to sustained heat generation. In summary, sustained heat generation observed in the PNZ samples at 300–500◦C
is different from the heat of hydrogen storage. It was also found that sustained heat generation occurred during the
desorption of hydrogen.

Finally, the contribution of the phase transition in PNZ samples to sustained heat generation was examined.
Figure 8 shows the XRD measurement results of PNZ samples heated for 4 h in a) pure hydrogen and b) diluted
hydrogen (4.89 vol%). In the XRD pattern of the as-provided sample, a peak of NiZr2 alloy and a peak of monoclinic
ZrO2 were observed. Because this PNZ sample is provided after calcining at 450◦C in air, the as-provided sample sur-
face is oxidized. It was shown that the surface oxide phase is mainly ZrO2. In a Ni-Zr alloy (Ni:Zr=7:15) containing
no Pd, NiZr2 becomes the main alloy phase [29], and so it is reasonable that NiZr2 is the main alloy phase even in
this sample containing a small amount of Pd. When treated with pure hydrogen at 200◦C as shown in Fig. 8 a), the
NiZr2 peak disappeared and new peaks of 33.5, 37.2, and 41.9 degrees appeared. Their peaks were observed even after
400◦C treatment. Similar changes in these peaks were observed in dilute hydrogen in Fig. 8 b). The changes are due
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Figure 8. XRD patterns of PNZ (1) heated in a) pure H2 and b) 4.89% H2 at predetermined temperature for 4 hours.

to hydrogen absorption, since the PNZ sample absorbs hydrogen at 200◦C (Fig. 6). It has been reported that NiZr2
absorbs hydrogen and undergoes a disproportionation reaction to form NiZr hydride and Zr hydride [30]–[32], while
others have reported the formation of NiZr2 hydride without disproportionation at room temperature [27]. Because
the peak positions of NiZr2 hydride and NiZr hydride are similar, it is difficult to distinguish them. In any case, XRD
measurements showed that the phase transition of the alloy phase of PNZ was barely observed at around 400◦C, where
sustained heat generation was observed.

The results of repeated measurements in hydrogen or helium are shown in Figure 9. As in Fig. 3, sustained heat
generation was observed during the first measurement in H2 (1st). In subsequent measurements in helium, the heat
flow decreased, but the heat flow in H2 (5th) for the fifth measurement matched the heat flow in H2 (1st). Since the
disproportionation reaction of NiZr2 phase can proceed when hydrogen is absorbed, if the heat of disproportionation
reaction is observed, the heat flow of the 5th measurement should be lower than that of the 1st measurement. However,
the fact that no decrease was observed in the result in H2 (5th) suggests that the heat of disproportionation reaction
has little effect on sustained heat generation. These results alone do not indicate that the alloy phase transition heat
does not contribute to sustained heat generation at all, but at least the contribution of the alloy phase transition heat to
sustained heat generation is considered to be small.

4. Conclusion

In this work, the phenomenon of long-term heat generation from Pd-Ni-Zr (PNZ) alloy samples in hydrogen was
investigated using differential scanning calorimetry (DSC). As a result, we succeeded in observing sustained heat
generation when the PNZ sample was maintained at temperatures in the 300–500◦C range. Although such long-term
heat generation of PNZs has already been reported, the fact that sustained heat generation was observed in a short time
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Figure 9. Repeated DSC measurements of PNZ(2) samples. Measurement sequence: H2 (1st) - He (2nd) - He (3rd) - He (4th) - H2 (5th).

by DSC is very significant. Short-timemeasurements can providemore information on sustained heat generation, since
many measurements can be performed under different conditions. In fact, this work provided a variety of information,
including the temperature range over which sustained heat generation occurs and the dependence on hydrogen pressure.

The relationship between sustained heat generation and hydrogen absorption behavior was examined in detail. No
sustained heat generation occurred at the temperature at which hydrogenwas absorbed, while sustained heat generation
occurred at the temperature at which hydrogen was desorbed. The output of sustained heat generation decreased as
the hydrogen pressure was increased. These results indicate that sustained heat generation is different from the heat
of hydrogen storage. It was also found that sustained heat generation can be observed when the temperature is kept
constant in the temperature range where hydrogen is being desorbed. Since sustained heat generation is masked by
endotherm due to hydrogen desorption, it is not observed unless the temperature is maintained at a fixed level.

In addition, the change in the alloy phase of PNZ when heat-treated in hydrogen was examined, and it was found
that the main alloy phase of PNZ is NiZr2, and that NiZr2 absorbs and desorbs hydrogen. However, the dispropor-
tionation reaction that occurs during hydrogen absorption in NiZr2 was not observed in the temperature range where
sustained heat generation was observed. These results and the repeated DSC measurements suggest that the contribu-
tion of the alloy phase transition heat to sustained heat generation is small.

Thus, it became clear that sustained heat generation in PNZs was not due to the heat of hydrogen storage, and it
was suggested that the contribution of the alloy phase transition heat was small. Although the mechanism of sustained
heat generation remains to be elucidated, the possibility of cold fusion remains.
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