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Plasma was formed on the surface of an electrode in a liquid solution when metal cathodes underwent high-voltage electrol-
ysis. A real-time heat calibration system was designed for detecting the amount of heat generated during plasma electrolysis.
The measured heat exceeded the input power substantially, and in some cases 200% of the input power. The heat generation
process depended on the conditions for electrolysis. There was no excess heat at the beginning of plasma electrolysis. However,
after plasma electrolysis for a long time, a large amount of heat was generated. The reproducibility would be 100% if all factors
such as temperature, voltage and duration were optimized. Based on the heat and the products, we hypothesize that some
unique reaction occurs on the cathode surface. This reaction may not occur at energy levels available during electrochemical
electrolysis.
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. on the hypothesis that cold fusion is similar to conventional

1. Introduction nuclear fusion. Instruments were designed to detect the prod-

When certain types of metal are used as cathodes in ligets of high-temperature plasma fusion, such as heat, neutron,
uid electrolysis, various reactions take place. In particulamitium and charged particles as well asradiation. How-
when palladium is electrolyzed in heavy water, there are mamyer, the expectation that these products would be detected
unknown reactions occur. However, these reactions are exas purely based upon theory, and it might not have been a
tremely difficult to reproduce and control, and the mechanisigood idea to pursue these studies to such an extent. If the
is still unclear. Several possible causes of such difficulty haveaction were unlike any known fusion reaction, it would be
been proposed. We think that the two main causes are igetter to focus our research on transmutation products rather
producibility and controllability, and that measurement techthan conventional reaction products.
nigues suitable for plasma electrolysis have been used, whichWe previously reported that anomalous isotopes are created
do not work well with other method. on metal surfaces and surface regions, which cannot be ex-

Replication attempts have been too closely related to thained by conventional electrolysisThis extruded material
methods originally described by Fleischmann and Pois. consists of elements which cannot be thought of as contam-
other words, electrode materials, the electrolyte, and the opants, because the isotopic distribution of most of the ele-
erating parameters have not been sufficiently optimized to renents is unnatural. This indicates that some type of reaction
alize an easier and more reproducible methodology. For eaffecting the nucleus has occurred. We expect to clarify the
ample, it has long been the goal of this research to increasgaction mechanism by analyzing these reaction products.
hydrogen loading in metals by employing titanidhpalla- In this study, we dispense with weak electrolysis, and em-
dium and various alloys of these metals, and by employingioy instead an extremely powerful method of electrolysis,
metals such as nickel which is known to have high surfades., plasma electrolysis, which produces heat. The plasma
reactivity to hydrogerd) and Ti, Ni, LaNi alloys which ab- phenomenon has been reported in the literature for a long
sorb large amounts of hydrogen. Lithium was the first eledime® When a liquid electrolyte is polarized at a high volt-
trolyte to be employed as an electrolyte. Later, alkaline meage (70-3000V), electric discharge and light emission oc-
als and salts were employed, and materials that were thoughir. Studies of the light spectrum and of the breakdown of
to increase overpotential were selected. The idea has bdha insulating layer between the cathode material and the so-
to achieve high fugacity by increasing electrode overpoteiution have been conducté® Hickling and Ingrar® and
tial, and thereby increasing the concentration of hydrogen iickling'® applied high voltage to a liquid electrolyte and
side the metal. High current density helps achieve that goakeated a layer of gas and vapor surrounding the cathode sur-
but high current density in the early phase of electrolysis cdace, and determined that a plasma was formed along with
cause high loading of hydrogen near the metal surface, whiaiicandescent light emission. They measured a number of re-
acts as a barrier to prevent additional loading of hydrogen infiction products and determined that the reaction mechanism
the rest of the metal bulk. Therefore, low current density is different from the mechanism of normal electrochemical re-
used for an extended period at first, and the cathode metaitions. Sengupta, Singh and Srivast&/d clarified exper-
is gradually loaded. Current density is held to no more thamentally that HO, is formed at a higher rate than that pre-
1 A/cn?, with 30-50V as the upper limit. When the cell tem-dicted by conventional theory for a given level of current flow
perature is too high, it can break up layer of highly concerduring plasma electrolysis, and demonstrated that the phe-
trated deuteride which have been formed, lowering the overalbmenon is not a form of Faradaic electrolysis. The plasma
deuterium concentration level, so room temperature is considischarge reaction and the mechanism are still not understood
ered most suitable for this experiment. in as much detail as a phase of conventional electrochemical

Previous studies have failed to reveal the cold fusion efeactions.
fect because most of the measurement techniques were based
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ncubator

2. Experimental Method

2.1 Electrolysis system Teflon cag Thermogouple 1] "OVe" Power
Heat is measured by a method that combines open cell meter1 | supply
isoparabolic calorimetry and flow calorimetry, as shown in |Teflontupe 1H Logger F—{Computer

Fig. 1. The cellis a cylindrical glass vessel 100 mm in diame- L

ter and 150 mm high. The cell is made of layers, or chambers. . Coolant out

The anode, the cathode and the electrolyte are set in the innef €2 |

chamber that is surround by the outer chamber. The chamber ad [ O = i
consists of a heat exchanger coil made of Teflon tube, through T I T
which secondary water coolant flows. The outer chamber is Pump e
equipped with thermocouples at the heat exchanger inlet and bath

outlet, and a constant volume pump (Cole Palmer PA-71B) \MaQ-Sti”er »,

circulates the secondary coolant water from a constant tem- =
erature bath (Advantec LF480). Cooling water is circulated

?h hthe T (fI tube b Flz/ll t g t 1% Fig. 1. Schematic of heat measurement apparatus. The method is a combi-
_rPUQ e letlon tube by an me enng pump'a o pre- nation of open cell isoparabolic calorimetry and flow calorimetry.

cision, for example, 26 4+ 0.05ml/s. This pump circulates

water at any rate from 1 to 20 g/s. The flow rate is confirmed

by collecting the water in a container for a fixed period of tim%vith the data measured by following procedure B 0.07

and weighing it. Variations in the flow rate are measured al fing 60's. The electrolysis power leads are 1-mm-diameter
found to be less than 1%. Cooling water temperature can Bxtinum wires. A platinum mesh was used as the anode

set anywhere from & to 60C, and varies less than 0(L Temperature is measured with K-type thermocouples. The

The top of the cell is covered with a Teflon cap as in flgihermocouples are calibrated against a standard thermome-

ure, but it is not closed in the electrochemical sense; a holeﬂgr. The precision of the thermocouples is 005Holes are

the_ cap allows decomp osed hydmge”_ and oxygen to €SCaPGred in the stopper to allow passage of electric power sup-
This effluent gas carries away a portion Of_ the energy pr(gé/ terminals, thermocouple sensor wires, and effluent gas. A
duced; thqs the heat generated in the cell is und_erestlmat lon-coated heater is installed to allow calibration in incre-
However, in some cases so much excess heat is genera}ﬁ hts as low as°C, and calibration is performed at different
and output exceeds input power even when energy lost to hases of the experiment, whenever the need arises. The ther-

fluent gas is not accounted for. The electrolyte temperatu ocouples recorded temperature within the electrolyte. The

in the cell is measured with Teflon-covered thermocoupleghermocouple tips are coated with 0.1-mm-thick Teflon. A
Thg mixer within the cell ensures uniform temperature dIStrI'T'eflon-coated stirrer is placed at the bottom of the cell, and it
bution. The temperature of the coolant water is measured.

) ) |§tdriven by a Yamato MA300 constant-speed magnetic stirrer
the inlet and the outlet of the coil by thermocouple temper y P g

Focated under the cell.
ture probes located in Tee fittings that are buried in the thick

Styrofoam insulation that surrognds the outer cha_mbt_a\r of tlﬁég2 Heat calibration

cell. The heat output of 'ghe cellis o_btamed by multiplying the Heat balance is obtained from the following formulas:
observed temperature rise of cooling water by the water flow
rate and the specific heat of water. This assembly is then sur- Input energy=1 x V x t
rounded with thick Styrofoam insulation, which reduces heat
loss to very low levels.

The entire plasma electrolysis cell is placed in a constant- Here, | is electrolysis currenty, electrolysis voltaget,
temperature air incubator (Yamato 1L-6) which is held atime, He, the heat of electrolyte and cell., heat carried
23+ 0.1°C. Air inside the hood is circulated with a fan. A out by the coolantH,, heat losses from the cell wall during
Takasago EX-1500H direct current power supply is used, wittalorimetry, H,, heat removed from cell as water vapor, and
0.01% load regulation. Input power is checked by a digitaHy, energy for produced by water decomposition. These can
power meter (Advantest WT130); the ratio of the power dathe broken down in greater detail as follows:

Output: He+ Hc + Hr + HV + Hg

He = heat capacity of electrolyte and ced change in temperatute
H. = heat capacity of coolank change in temperatute

H; = heat capacity of electrolyte and cell temperature drop

H, = mass of vaporx specific heat

Hy = 1.48 x electric current

The masses of the electrolyte solution and the primanyacity of the Pyrex glass cell (inner chamber; 364 g, outer
coolant are normally 1000 g and 700 g, respectively. The prehamber; 460 g) also varies with temperature, but on average
cise heat capacity of the solution depends upon the tempéris 0.76 J/g°C. H; is calculated from the temperature drop,
ature; however, it can be taken as 4.18%g The heat ca- which is determined from the heat decay curve obtained af-
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ter the end of the experimentl, is based on the volume of 4 x 4.18 x 0.05= 0.84 J/s, i.e., 0.84 W.
steam times the temperature of the steam; an average valuéieat balance measurement is calibrated by changing the
of 2,256 J/g is used. Finally, the energy used in decomposyput power of a heater wire immersed in electrolyte. A typ-
ing water into hydrogen and oxygen varies with the electrodeal relationship of input and output power is described in
conditions and various other factors, but an average value Big. 2. Heater current, voltage and the electrolyte temperature
1.48 x | is used here. changes are indicated in upper figure and input power, output
All data, including voltage, current, temperature, and magmwer and the output/input power ratio are shown in the lower
of secondary cooling water, are collected with a data logene. The input change is typical of plasma electrolysis. The
ger (Advantest R7326-B) at 10s intervals. Current is dedemperatures of the electrolyte, the water bath and the pri-
termined by measuring voltage through a shunt (Hioki Comary coolant are kept at 26@ at the start of the experiment.
9081; 0.0122, DC 10A +0.1%). Cell voltage is measured by Input power is first set at 180 W, that means 40V and 4.5A
attaching sensor wires directly to electrode leads on top of tiier 500s, and then is increased to 400 W and kept there for
cell. Data from the logger are captured by the computer, ad800 s. During the high input power, the temperature exceeds
recorded on a diskette. All electric lead junctions from théoiling point at 1800s. At that time, the output/input power
thermocouples to the logger are compensated. ratio decreases with time because the calibration method does
The error of the input power and output heat can be estrot taken into consideration the contribution of vapor. At
mated from the stability of the power supply, the temperatui2300 s, input power is decreased to 25W and then the elec-
precision and the flow rate fluctuation. Here, the stability ofrolyte temperature decreases. The output/input power ratio
the power supply is evaluated as 0.1% of input power dwgain shows a high value because boiling is stopped. Af-
to the stability of the shunt; for example, when typical inputer that, the input power is again increased to 70, 106 and
is 100 W, the input error is 0.1 W. Temperature resolution i$80 W. Meanwhile, the output/input ratio remains at 0.89
within 0.05. Here, the typical mass of the electrolyte is 1000 during the entire duration. According to the calibration re-
and the heat capacity of that is 4180C)/ The resolution of sults, it can be said that the steep input change has no effect
the heat is estimated as 209 J for 10 s intervals. Therefore, thie heat recovery. In other words, we can monitor the input
output resolution can be evaluated as 21 W. The error froohange using the heat measurement equipment that is com-
flow calorimetry is estimated from the stability of the meterposed of flow calorimetry and isoparabolic calorimetry. The
ing pump and thermocouples. Here, these are 1% and®.05only disadvantage of the method is the uncertainty over the
We assume the typical flow rate of the secondary coolant tow input power range because temperature measurement ac-
be 4 g/s, and the resolution of the heat is finally estimated agracy is restricted to ?C. However, the precision of the
measurement is sufficient up to an input power of 70 W.

150 15 2.3 Electrolyte and cathode material preparation
_ i The electrolyte solution is prepared with filtered Milli-Q
s Current Blectrolyte pure distilled water. It is used after being redistilled in quartz
= 100 \ Temperature 10 glass. Ultrahigh-purity reagents are used for th€®&; elec-
= X \ l = trolyte. The concentration of impurities such as Cl,S8I0,
g - \___//\ § and PQ is less than 10 ppm. Impurities in the alkaline metals
& /’ ] 3 include 5 ppm of Ba and 1 ppm of Ca. Other metallic impuri-
5 S0y Input voltage p 5 ties are Fe at 0.05 ppm at maximum.
§ / =;=J | The cathode is 5mmx 10 mm rectangular of W plate
= L_.==J (0.3 mm thick) with 1.5-mm-diameter W lead. We conduct
0 . . . . 3 0 tests using this type of sample. The lead rod is covered with
0 2 4 6 8 10 a thin tight-fitting Teflon sleeve (3 mm in diameter). The ex-
Time/1000s posed area of the W plate is therefore 1.04 chilaco tung-

sten is used for the cathode and lead wires, both of which are

99.98% pure. Impurities present in the sample are 20 ppm Fe,
800 4 20 ppm Mo and less that 5 ppm of other elements. The foil
is cut into a rectangle and polished with #1500 emery paper.
The lead wire is spot-welded perpendicular to the long side

£ 600 3 of the cathode. After welding, the cathode and the lead wire
é Input/W | are cleaned with 1.0% HF and 3% HN@&t 25 C for 2 h, fol-
S l out/1 2 lowed by a solution of HCl and HNR8:1 for 2 h, to wash off
2 400 . ut/Inp  __fo : " o o
8 : ratio s impurities. The sample is rinsed, the lead wire is completely
g i Output/ / | covered with a Teflon shrink-wrap tube, and then the sample
E o0 P, p \ is electrolyzed.
,v"""’%’“"" ey Platinum wires or mesh is used as the counter electrode and
k J""""" 1 electrode lead wires. Purity was 99.99%. Impurities include
0 . . ' 0 18 ppm Rh, 2 ppm Si, Cr, Pd, and less than 1 ppm Au, Ag, B,
0 2 4 6 8 10

Ca, Cu and Fe and no detectable levels of other elements.
The anode is a piece of Pt mesh (made of 0.2 mm wire)
Fig. 2. Result of heat recovery calibration obtained by an electric heateb cm x 15cm in size. The nominal area of the mesh (both

Time/1000s
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sides) is 55 crh Thus, the anode/cathode area ratio is abouelationship between voltage and current exhibits a hysteri-
50.5. A 1.5-mm-diameter Pt lead wire is crimped to the anodgs. As shown by solid symbols in the figure, the discharge
mesh. This lead wire sleeved with Teflon tube is led out of theontinued until voltage reached roughly 60 V. After that, the
cell through a rubber seal. The two electrodes are positiondicharge stopped abruptly and at the same time the current
about 2 cm from the bottom of the vessel and are located abantreased suddenly, as ordinary electrolytic evolution of hy-
3cm apart. drogen was re-initiated.

2.4 Electrolysis 3. Results

Figure 3 shows a typical relationship among voltage, cur- An example of the measurement result for ordinary hydro-
rent density and temperature when the cathode is electrolyzgen production is shown in Fig. 4. In this case, a tungsten
in 0.2 M potassium carbonate in light water. Each curvplate was used as the cathode and electrolyzed at 40 V. When
shows temperature dependence of the current and voltage ekectrolysis began, the temperature rose simultaneously and
lationship for various plasma and cathodic electrolyses. Opsiabilized at around 9&. The current reached 5 A, or 200 W
symbols show the current density performance as the voltaggut. As the temperature rose, the current declined, and after
is changed. Cell performance varies with temperature, a0 s it was down to about 1.6 A. However, in this case, ex-
it is summarized as follows: As the voltage is increased, thmess heat production was not observed. The output heat was
anode begins to produce copious amounts of oxygen, whitéearly followed by the input power fluctuation.
the cathode produces hydrogen. At maximum current den- Starting with the normal cathodic electrolysis, voltage was
sity, hydrogen production at cathode is at a maximum, and imicreased. At 80V, the entire cathode begins to generate
the same time the sound of boiling is heard. After exceegdasma weakly. Current density, temperature and other factors
ing the maximum current density, when voltage is slighthare shown in Fig. 5. In the first stage of electrolysis, the cur-
raised, current density suddenly falls, and at the same timent reached 5 A because the plasma discharge had not yet be-
it begins fluctuating violently. Light emissions due to elecgun, and the input was the same at 400 W. Simultaneous with
trical plasma discharge at the cathode surface begin. Whilee commencement of light emission, the current decreased,
the temperature remains low, the current fluctuations are larggling to 1 A after 300 s, or about 80 W of input. Figure 5(b)
and difficult to stabilize; however, when the temperature exshows the appearance of heat generation. In contrast to the
ceeds around 8E&, the fluctuations show a regular periodic-test shown in Fig. 4(b), heat production was observed. In
ity of 0.5-0.6 s duration, which is caused by bubble formathis case, the output heat was no longer followed by the input
tion. After exceeding the maximum current density, the cupower fluctuation. The output heat showed a large fluctua-
rent does not increase any longer and decreases when vitin compared with the stable input power. The difference be-
age is increased. Current density remains at approximatelyeen output and input clearly exceeded the heat estimation
0.5 Alcn? at voltages of 200 V and above. When we compareesolution by 20W. For example, the excess heat increased
the impedance of the solution at different stages of the elec-
trolytic process, we find that increases by a factor of 20, from

60<2 to 3002, as a layer of gas is formed. The transition ap- 20 < 5
pears to increase the electrical charge of the cathode reactiol A - @
by a factor of 20. This discharge phenomenon was discovered% i % 14
in the early 1950 s and reported by Kelld&gPolakowski'¥ = coll 1
Ohwaku and Kuroyanal? clarified the roles played by tem- 7 5 Temperature 1°3
perature, electrolyte type, current density, and cathode area irs 100 H /,,_ - ) £
this form of electrolysis. Later, when voltage is reduced, the £ | [ N S o
LI |
10 <}/ Input voltage ]
o Li ! ] 1 ] . . 0
0 200 400 600 800 1000
Time/1000s
8
Ng Temperature/°C
> 200 4
=< ~
B 6[— =20 P,
E +30 \\! Y (b) i
=1 H 3
3 +40 <i ~ = i “;‘_‘ 3
B 4|50 EN ! i A 1
g v e e \\ i: ; \4‘\,\ /Output s
8 i D\\*Xi\s‘ < 100 i i 2 3
2 f— =80 \EF;\ — \ g T M -2 NP N PN
— = i hd e RIS TINETath 2 e
e T Nv\\‘ Ny ! \ 1
0 07.5 e—\s\\q\;?: H ? .
. i Out/In ratio T
0 oL [ . . 0
0 50 100 150 200 0 200 400 600 800 1000
Voltage/V Time/1000s

Fig. 3. Typical relationship among voltage, current density and temper&ig. 4. Measurement of the heat balance for input and output during the
ture when the cathode was electrolyzed in a 0.2 R in light water. ordinary hydrogen production reaction.
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Fig. 5. Result of current density, temperature and the heat balance at BWring initial 1500 s of plasma electrolysis; the percentage of

of cathodic electrolysis. it was 20%. After 1600s, it increased to around 60% and

showed some fluctuation. The percentage increased to 200%
after 3000 s and decreased to 0% after the voltage was de-

to 30W from 320s to 480s and from 700s to 790s. Thereased to 100V. The total output heat power during plasma
amount of heat produced during electrolysis was estimatedelectrolysis was estimated as 388.7 kJ while the total input
27.4kJ over 10005, averaging 27.4 W. As in other cases, hegectric power 334.3kJ. Here, we can estimate that the excess
production expressed as percentage of input power increasedput heat is 54.4 kJ, and is 16.4% of the input power.
with time, reaching about 40%. Evidence of heat production However, at 3100s, the electrode lost 20% of it original
was also seen in the cell temperature, which continued to imneight, i.e., 0.1 g. Therefore, its shape changed from rectan-
crease by 2ZC despite the fact that input power wattage wagular to disk-like. Excess heat generation immediately ceased
decreasing. This clearly demonstrated that anomalous enegdter voltage was decreased to 100V, even if plasma electrol-
production occurred. ysis continued. The electric current increased when the volt-

If the input voltage were increased, it would be seen as sigge was decreased at 3100s and 4800s. Plasma electrolysis
nificant excess heat generation during plasma electrolysis.sfopped when the voltage was decreased to 60V and changed
typical result is shown in Fig. 6. Figure 6(a) describes th® normal cathodic electrolysis. After the voltage was de-
changes in input current, voltage and electrolyte temperatweeased to 100V, the output to input ratio gradually changed
during electrolysis. Figure 6(b) shows input and output ibbelow unity. The ratio slowly increased after the voltage was
watts and their ratio. Electrolysis voltage was initially set atlecreased to 60 V. The reason for this is considered to be as
200V. The input voltage, at the beginning, was increased tdallows: when the temperature for electrolysis approaches to
certain voltage during 100 s. Current at the beginning of ele@0®C, i.e., boiling point, a large amount of vapor is released
trolysis increased to 4.3 A and after that it steeply decreasedftom the cell. At the same time, considerable heat is released.
1 A when plasma production was initiated. Then, it graduallfWe did not measure heat loss due to vapor release, and the
decreased with time to reach about 0.5 A after 2000 s. Eveatio decreased to below unity if the contribution of the vapor
after decreasing the voltage at 3100 s to 100V, the plasma became large. Meanwhile, again temperature for electrolysis
mained. At 4800s, input voltage was decreased further was less than boiling point, the ratio approached unity. How-
60V, and plasma production ceased. ever, the ratio still showed a large fluctuation during normal

The output heat showed excess compared with the inpeathodic electrolysis. It is considered that some excess heat
power at 100s after the start of plasma electrolysis. At thgeneration continued to take place at the input voltage.
time, the output heat excess was considerably larger than thét has been clarified that the extraordinary excess heat gen-
heat measurement error of 20 W and reached 40 W on averagation is affected by many parameters, such as electrolysis
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and electrode material. It is dependent on the electrolysis 100

temperature, the input voltage and the discharge time. No ‘ ‘
excess heat was generated at the beginning of plasma elec g Voltage
trolysis even if the temperature and the input voltage were | 170
kept considerably high, such as above®%and 100V respec- | N
tively. However, after plasma electrolysis for more than sev- / 150 |
eral hundreds seconds, we confirmed large excess heat gene / 100 |
ation. We can say that if we could attain all of these factors, ]
we would observe excess heat with 100% reproducibility. Af-

ter plasma electrolysis for 1000 s, we determined the relation- 20
ship between electrolyte temperature and input voltage.

Heat measurements were performed five times at 40V,
seven times at 70V, and nine times at 80V, 100V, 150V, 0 2
170V, 200V and 220V. Excess heat was generated at more
than 80V after plasma electrolysis for several hundred sefig- 8. Effect of the voltage on the relationships between heat production
onds. The amount of excess heat generated usually increaseaé]d electrolyte temperature.
with increasing electrolyte temperature. However, the gener-

ion exhibited fl ion during the dischar n lar . .
ation exhibited fluctuation during the discharge, and a larg grthe temperature exceeds @ It is apparent that in the

han higher input vol higher temperature and lon .
change athigher input voltage, higher temperature and o gse of plasma electrolysis at 80V, soon after the temperature

discharge time. However, the amount of excess heat COLﬁxceeds 6@, the amount of excess heat generated increases
not be determined at the input voltage greater than 200V bé- ' g '

cause of the large fluctuations. Thus, the amount of excesg 7?1 C,;;(%s?hheatl power 'St Zgng VIVht(;n the terr;plerature
heat generated could no be plotted in the figure. reacnes 57.%., the value rses 1o - In e case ot plasma

. . lectrolysis at 170V, at 3C, the amount of excess heat gen-
The rel h I h f ' '
e relationship between voltage and the amount o excegﬁ(gated exceeds 20W. When the temperature reache¥97.5
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heat produces is shown in Fig. 7, with temperature as param)
ter. Data are shown for the previously described tungsten fé
cathode electrolyzed in a X0O;—H,O solution. The plot- 4. Discussion

ted values are averages at a certain temperature for plasm . L .
g b P ?n evaluating heat production, it is necessary to determine

I lysi howi h ion. Th - . . :
electrolysis after showing excess heat generation e ab ether the heat is produced by chemical changes. After dis-

scissa shows input voltage, the ordinate shows excess heawrﬁr e electrolysis, it is clear that the cathode material disin-
Watts where excess is defined as total output heat energy ei- ragted and ryeci ’itated at the bottom of the cell in the form
nus total input electrical energy. As seen in Fig. 7, with tungd- 9 precip

sten, excess heat generation begins when electrolysis volt:g(_:aefme particles. Because the cathode material was made of

reaches 70-80V, and it is virtually not detected at voltag re metal, the disintegration must have been caused by hy-

below that range, i.e., the excess heat generated was be lpaen corrosion as W(.a” as heatdamage. Therefore, chemical

the error level. At 80V, the amount of excess heat generatg anges cannot explam_the genefatlon of gxce'ss heat. Let us

exceeds 20 W at temperatures higher th&iC7@nd increases consider some hypothetical chemical reactions:

at even higher voltages. 2W 4 30, = 2WQO; + 20084 kd

Figure 8 shows the effect of the temperature of the elec-

trolyte solution on excess heat production. These points are WOs + Hz0 = H, WO, + 179 kJ

transformed from that in Fig. 7. Excess heat generated I 183.85g of tungsten reacted, the maximum amount of

shown in watts for a range of temperatures. In the case héat generated by this reaction would be 380kJ. The ac-

electrolysis at 40 V, no excess heat generation is observed wnal amount of excess heat measured by flow calorimetry was
54.4kJ for the case of plasma electrolysis at an input voltage
of 200V for 3100 s. The mass of tungsten used in this experi-

e amount of excess heat increases to 75W.

100 | ment was 0.5 g or 0.00272 mol. If this entire mass of tungsten
Temp. /°C was oxidized, and a water-soluble hydrogenated tungsten, the
80 90.7 total amount of excess heat generated would be just short of
90 1.03kJ. Actually, the mass of tungsten consumed in the re-
= j 80 actions described above was 0.1g. If we assume hypothet-
g o 70 ically that all of this material reacted, the amount of excess
g /;/‘ 60 heat generated would have been only 0.207 kJ or 0.38% of
g 40 gi— — 50 — the actual amount of excess heat observed. The generation of
//?//A 40 excess heat in this experiment cannot be explained by a chem-
2 ./ _ |30 ical reaction. This discussion was based on the assumption
%gg - //:r =20 that tungsten underwent a chemical reaction, but in reality, the
, é/a/‘/n// tungsten found at the bottom of the cell was recovered as pure

0 o 100 150 200 metallic fine powder, i.e., no chemical reaction occurred. Fur-
Input Voltage/V thermore, the decomposition of carbonates in an aqueous so-

Fig. 7. Effect of the electrolyte temperature on the relationships betwedHtion is an endothermic reaction; thus in this case, 274 kJ/mol
heat production and input voltage. of heat would be absorbed. Assuming that such a reaction in-
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deed occurred, no excess heat would be produced. Ordinari®recious Metals, Co. and Ryuichi Kubota of the Honda R&D
when metal is transformed into a hydride, it produces he&Vako Research Center.

on the order of 200 kJ/mol, the exact amount depending on

the metal. If a hydride were formed, based on the amount of

tungsten lost from the cathode, the excess heat from the read M. Fleischmann and S. Pons: J. Electroanal. Ci#6h(1989) 301.

tion would be approximately 0.1kJ, which would be simply 2) f_' ,3 (‘)r':'g_“;; oga';rggg'ﬂ_‘”sg r';r’r']':’zb;:tt'éf:b:hx?rg'giégﬂé)hggrltf’”e’
too small to make a difference. In short, the actual amounts) r. T. Bush and R. D. Eagletorfrontiers of Cold Fusion(Universal

of excess heat that may have been produced from potential Academy Press, Tokyo, 1993) p. 405.

chemical reactions is essentially nonexistent. 4) T. Mizuno, T. Ohmori and M. Enyo: Electrochemist#(1996) 1160.
5) A.Hickling and M. D. Ingram: Trans. Faraday S66.(1964) 783.
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