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Excess heat evolution was measured on nickel, gold, 
silver, and tin in aqueous K2CO3, Na2CO3, Na2SO4, and 
LiiSO4 solutions under galvanostatic electrolysis conditions. 
Steady evolution of excess heat in various electrode-electrolyte 
systems, but not in Ni/Na2CO3, Ni/Na2SO4, and Ni/Li2SO4, 

was observed for at least several days of observation. The 
largest excess heat observed was 907 mW on tin in K2SO4. 
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INTRODUCTION 

Mills and Kneizys 1 recently reported production of 130 
mW of excess heat in a Ni/K2CO3 system. Later, in the same 
electrode-electrolyte system, Noninski,2 Bush,3 and Sriniva
san et al.4 observed several hundred milliwatts of excess heat. 
The excess heat found by Noninski and Srinivasan et al. cor
respond to 23 to 160% of input energy. Bush claimed the de
tection of calcium in an amount that may correspond to the 
amount of excess energy. He suggested that this heat may 
originate from the following nuclear reaction: 

(I) 

To our surprise, Srinivasan et al. claimed the detection of tri
tium even in several Li2C03 and K2C03-H20 solutions. 

This study aims to reproduce these results on nickel and 
further to investigate similar possibilities on other metals, 
such as gold, silver, and tin. The reasoning behind this ex
tension is that the underpotential deposition of alkali metals 
on, or their inclusion in, these metals is known to take place 
under high cathodic polarization.5
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EXPERIMENTAL 

The electrolytic cell was a 300-ml flat-bottomed Pyrex 
glass vessel with a 5-cm-thick silicon rubber stopper equipped 
with a test electrode, counterelectrode, and reference elec
trode; a thermocouple; glass inlet and outlet tubes for hydro
gen gas; and a heater. The cell was placed in an air thermostat 
whose temperature was regulated at 25 ± 1 °C with a period-
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ical variation of -10 cycle/h. This technique enabled solu
tion temperature measurement with a precision of ±0.03°C. 
The test electrodes used were 3-cm x 20-cm x 0.15-mm nickel 
(99.997%) plates, 2-cm x 10-cm x 0.2-mm gold (99.95%) 
and tin (99.9%) plates, and 2-cm x 10-cm x 0.3-mm silver 
(99.98%) plates. The surfaces of these electrodes were 
abraded with emery paper and then rinsed with ethyl alco
hol and Milli-Q water in an ultrasonic bath. A nickel electrode 
annealed at 600°C in helium and a gold electrode prepared 
by electrodeposition on a gold plate were also tested. The 
counterelectrodewas a 1- x 7-cm, 80-mesh platinum net placed 
at the bottom of the cell. The distance between the test elec
trode and the counterelectrode was 1 to 2 cm. The reference 
electrode was a 0.2-mm-diam x I-cm-long rhodium wire placed 
close to the test electrode. 

The heater used for the cell constant measurement was 
a 0.3-mm-diam x 1.6-0 Nichrome wire covered by a 2-mm
diam Teflon tube. The Nichrome wire was connected to cop
per wires at both ends by welding, and it was placed within 
the electrolytic solution. The cell constant was measured 
by applying a current to the heater using JOO ml of 0.5 M 
K2C03 solution while stirring with a weak flow of purified 
hydrogen gas (several millilitres per minute). 

The electrolytic solution was 100 ml of 0.5 M aqueous 
K2C03 , Na2C03 , Na2S04 , or LiiS04 , prepared with Milli-Q 
water. The electrolysis was conducted galvanostatically, usu
ally for 20 h, by a constant 1.0-A current, and the variations 
of input potential and temperature were monitored by means 
of a pen recorder. During the electrolysis, the solution was 
stirred by hydrogen gas with the same flow rate as that used 
during the cell constant measurement. 

RESULTS AND DISCUSSION 

Figure I shows a typical calibration curve for solution 
temperature and input power. A very reproducible linear re
lationship was obtained if the hydrogen gas flow rate was in 
the range of 5 to 20 ml/min. The cell constant k calculated 
from the gradient was 3.26 ± 0.04°C/W. 

Figure 2 shows typical variations of the solution temper
ature with polarization time obtained on a nickel electrode 
in K2C03 and Na2C03 solutions. The time variations of in
put potential are also shown. It can be seen that the increase 
in temperature in K2C03 is I to l.3°C larger than in Na2C03 
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Fig. I. Calibration curve between solution temperature and input 
power. 

5 

2 
12 3 4 

4 
u 

� � 
.... 8 3 LU 
<I 

4 2 

3 6 

t (h) 

Fig. 2. Variations of input potential and solution temperature with 
polarization time: (I) and (4) in 0.5 M Na2CO3 ; (2) and (3) 
in 0.5 M K2CO3 . 

even though the levels of input power are in the opposite 
order. The difference was essentially unchanged during the 
polarization over several days. This result indicates that 
a noticeable amount of excess heat is produced in the Ni/ 
K2CO3 system, in support of the reports by Mills and 
Kneizys,1 Noninski, 2 Bush,3 and Srinivasan et al.4 On the 
other hand, no excess heat evolution was noted in the Ni/ 
Na2CO3, Ni/Na2S04, and Ni/Li2SO4 systems. 

The rate of excess heat evolution Rex can be determined 
quantitatively from the shift of solution temperature !lTand 
the applied electrolysis power Rapp 

in the following way. The 
energy balance equation for the cell in steady state is 

(2) 
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where R,x is the rate of heat removed by the endothermic re
action H2O--+ H2 + ½02, which is equal to the product of the 
thermoneutral potential E1h (1.48 V for H20) and the polar
ization current /, and RL is the thermal loss rate. When a 
steady state is reached, the latter is given by 

(3) 

From Eqs. (2) and (3) and using Rapp 
= El, where E is 

the total cell voltage, we have 

Rex
= !lT/k - (E - 1.48)/ . (4) 

A preliminary heat measurement was first performed in 
the electrolysis on gold in 1 M H2SO4 solution to check the 
precision of our method. Practically no excess heat (-0. 9 mW 
on average) was obtained in this system during 20 h of 
observation. 

On the other hand, significant amounts of excess heat 
were observed in every electrode-electrolyte solution system 
of nickel, gold, silver, and tin in K2CO3 , Na2C03 , Na2SO4 , 

and Li2SO4 solutions, except for Ni/Na2CO3 , Ni/Na2SO4 , 

and Ni/Li2SO4 , as listed in Tables I through IV (for nickel, 
gold, silver, and tin, respectively) together with the data of 
input power (Rapp 

- IE1h) and the increase in solution tem
perature. The evolution of excess heat was almost steady, but 
a slight tendency to increase with prolonged time of polar
ization was noted. On nickel, the excess heat seems to be 

TABLE I 

Results on Nickel Electrodes 

R,x 

Rapp - IE,h llT R,x Rapp - IE,h 

Electrode Solution (W) (OC) (mW) (610) 

Nickel K2CO3 2.86 1.71 524 18 
Nickel K2CO3 2.40 1.26 387 16 
Nickel K2CO3 2.81 1.23 377 13 
Nickel• K2CO3 2.44 0.38 105 4 
Nickel Na2CO3 2.46 0.02 6 0.2 
Nickel Na2CO3 2.82 0.10 31 1 
Nickel• Na2CO3 2.46 0.05 15 0.5 
Nickel• Na2SO4 2.69 0.01 0 0 
Nickel• Li2SO4 3.02 0.01 0 0 

•Annealed at 600°C in helium atmosphere. In this case, an electro
lytic cell with a cell constant of 3.60 was used. 

TABLE II 

Results on Gold Electrodes 

R,x 

Rapp - IE,h llT R,x Rapp - IE,h 
Electrode Solution (W) (OC) (mW) (%) 

Gold K2CO3 2.86 1.71 524 18 
Gold Na2CO3 3.37 1.83 561 17 
Gold Li2SO4 3.12 1.64 503 16 
Gold• K2CO3 3.00 2.02 620 21 

• Electrodeposited. 
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TABLE III 

Results on Silver Electrodes 

R,x 

Rapp - [E,h !J..T R,x Rapp - [E,h 
Electrode Solution (W) (OC) (mW) (%) 

Silver K2CO3 2.64 1.07 328 12 
Silver Li2CO4 3.62 0.31 95 3 

TABLE IV 

Results on Tin Electrodes 

R,x 

Rapp - [E,h !J..T R,x Rapp - IE,h 
Electrode Solution (W) (OC) (mW) (%) 

Tin K2CO3 3.56 2.31 708 20 
Tin• K2CO3 3.47 2.96 907 26 
Tin Na2CO3 3.59 0.73 224 6 

•Electrolyzed for 65 h. 

smaller for the annealed electrode (Table I). The largest 
amount of excess heat was observed on the tin electrode 
whose surface was mechanically abraded (Table IV); the value 
reached after 65 h of polarization was 907 mW, i.e., 260Jo, 
as compared with the input power of (4.95 - 1.48) x 1 = 

3.47 w. 

The magnitude of the excess heat increased in the order 
silver < nickel < gold < tin. It was noteworthy that excess 
heat was also noticeable in Na2C03 and Li2S04 for gold, sil
ver, and tin. 

The total amount of excess energy evolved during the elec
trolysis is too large to be regarded as the heat of any chemi
cal reaction between the electrode material and some species 
present in the solution. For instance, the total excess heat 
evolved in the electrolysis on the tin electrode during 65 h of 
polarization was evaluated to be 176 kJ. Even if one supposes 
that all of the 1 g of tin in the e lectrode reacted with certain 
species in the system (which was not the case), the heat pro
duced would be at most 9.3 kJ [for Sn(OH)4], which is too 
small an amount to account for the excess heat observed. Fur
thermore, no reaction may be conceivable in the case of gold. 

The excess heat evolution observed in many systems other 
than Ni/Na2CO3 , Ni/Na2SO4, and Ni/Li2S04 may suggest, 
in addition to the proposed nuclear reaction, Eq. (1), the fol
lowing nuclear reactions: 

HNa + lP--+ i1Mg + 11.7 MeV , (5) 

�Li + l P--+ 1He + �He + 4.0 MeV , (6) 
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or 

1Li + lP--+ 1He + 1He + 17.2 MeV . (7) 

Excess heat evolution on nickel was observed only in 
K2C03 . On silver and tin, it was greater in K2C03 than in 
Na2C03 or Li2S04. On gold, no large difference was ob
served among these electrolytes. These results may suggest 
that reactions (1), (5), and (6) all occur in general, but the de
gree of the progress of each reaction depends on the nature 
of the electrode material, surface and bulk conditions of the 
electrode, adsorbed or underpotential deposited species, etc. 
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