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Abstract

Clear excess power from a Pd-B rod cathode provided by Melvin H. Miles was measured with a Seebeck calorimeter during
D, 0 electrolysis. A reflux open-electrolytic cell, with the advantage of small constant power of D,O evaporation in electrolysis
(Pvapor = 0.009791 at 25°C, the working temperature of calorimeter) was used and the calorimetry was therefore simplified. It was
verified that pre-electrolysis of the cathode in open cell under high current and high temperature is an effective activation method for
excess heat production in subsequent electrolysis. However, only the second activation gave the maximum excess power of 0.15 W
with input power of 3 W and more activation was useless. After checking past results on excess heat of Pd plate samples in our
lab, it is also found that the activation of cathode must be limited to a couple of times. On the other hand, after a long duration of
intermittent electrolysis, the volume of the Pd-B electrode increased very little, meeting the requirement of volume expansion of
excess-heat-producing Pd samples discovered by Edmund Storms.
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1. Introduction

It is well known that excess heat occurring in Pd/D,0O systems was first found in open-electrolytic cells by using
isoperibolic calorimetry (IPC) by Fleischmann and Pons [1], [2] and reproduced afterwards in closed-electrolytic cells
with mass flow calorimetry (MFC, e.g., the method used by McKubre et al. [3]) and Seebeck envelope calorimetry
(SEC, e.g., Storms [4]). Since then, Melvin H. Miles and his co-workers have been studying excess heat in open
Pd/D,0 electrolytic cells with IPC, in detail, for more than 30 years [5]-[8]. Miles and Imam reported that Pd-B rod
can give reproduceable excess heat [7]. During the satellite meeting of ICCF20 in 2016, Xing Zhong Li suggested
me to measure excess heat with samples of Miles using our SEC, which had been shown to detect significant excess
heat in closed Pd/D,0 electrolytic systems [9]-[11]. In May 2017, Miles delivered one Pd-0.25wt.%B rod and other 3
samples to me. The rod is 4.71 mm in diameter and 20.1 mm in length, volume of 350.2 mm?, area of 3.3227 cm? and
weight of 4.1177 g (measured with an Ohaus PX224ZH balance) as shown in the left of Fig. 1. This batch was made at
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Figure 1. Pd-0.25wt.%B rod from M. H. Miles. (left) new sample; (right) the sample after electrolysis for 2,147 h (89.5 d).
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Figure 2. Schematics of Pd/D,0 reflux open-electrolytic cell (a) and the cell with calorimetric attachments (b). All components shown here are
placed in a Seebeck calorimeter, as described in previous literatures [9]-[12].

NRL by M. Ashraf Imam, which had produced the maximum excess power of 0.24 W [7]. This sample became stumpy
(4.62 ~ 4.94 in diameter and 19.1 mm in length) with weight of 4.1156 g after a long duration of electrolysis as shown
in the right of Fig. 1. At ICCF-23, the primary results of excess heat produced by this sample was reported [12]. This
paper presents all results.

2. Experimental Set-Up and Calorimetry of Reflux Open-Electrolysis
2.1. Experimental Set-Up

We designed a reflux open-electrolytic cell as shown schematically in Fig. 2(a). The electrolytic cell is a quartz tube
(¢in24 mm, ¢, 28 mm and 2165 mm) with a curved branch tube and a stainless-steel lid. The branch tube is in a spiral
shape (1 cm in tube diameter, 7 cm in spiral diameter, around 3 circles or 65 cm long). The branch tube serves as the
outlet for the evolving gas and vapor, and as the condenser tube. It enters the cell at a position 9.4 cm high, which is
above the waterline, as shown in Figs. 2 and 3. The anode is a spiral Pt wire (¢0.5 mm and /1.4 m, 99.95%, GRINM,
Beijing). The electrode leads are Pt wires (¢1.1 mm and /18 cm each, 99.99%, GRIKIN, Beijing) covered with PTFE
heat shrinkable tubes to prevent catalyzing D, + O, recombination. D,O (99.8at.%) is from J&K Chemical. Li,O
powder (99.5%, Alfa Aesar) is dissolved in heavy water to make a 0.1 M LiOD solution. An injection pipe made of
stainless-steel is fixed in the lid for periodic heavy water addition. Four different O-rings (not all shown in Fig. 2(a))
are used around the lid, the two leads and the injection pipe to prevent gas from escaping through the lid. A K-type
thermocouple is attached to the bottom of the cell to measure temperature (7). The top part of the cell, the lid with
two leads and electrodes, is not taken part after each run. Li,SiO3 sediment sometimes appears on the inner wall of the
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Figure 3. Photos of electrolytic cell with heat insulation (a) and fan (b) in the Seebeck calorimeter.

cell and the surfaces of two electrodes, when temperature is higher than 80°C, especially in activation experiments [12].
Then this happens, the whole cell has to be taken part and cleaned in water and ethanol, and dried in an electric constant
temperature blast drying oven (80°C for 1 h).

The electrolytic cell is placed in the center of a stainless-steel Dewar (¢, 75 mm, ¢y, 83 mm, £;, 103 mm and
hout 120 mm) with cotton wool between the gap as heat insulation material to increase the cell temperature, as shown in
Figs. 2(b) and 3(a). The Dewar is placed in the center of a cylinder strainer (¢12 cm and 423 cm), which is covered with
a fan blowing the air downward to ensure even temperature distribution in the sample chamber of the SEC, as shown
in Figs. 2(b) and 3. To make the heavy water vapor further condense, a fluorine rubber tube (¢;, 10 mm, ¢oy 14 mm and
[2 m) is connected to the condenser tube of the cell at one end, and another end is immersed in the silicone oil outside
of the SEC to prevent contamination from air, as shown in Figs. 2(b) and 3(a). A K-type thermocouple is attached to
the end of the condenser tube to monitor the temperature of the exit (Tei), as shown in Figs. 2(b) and 3(a). Gases
produced in electrolysis, including oxygen, deuterium and heavy water vapor, all escape through the tubes. It should
be noted that T;; and Tex;; are only used for reference in the electrolysis process. The output power of the electrolytic
cell (Psgc) is measured by 18,796 thermocouples in a Seebeck calorimeter as reported previously [10].

To replenish heavy water consumed by electrolysis and evaporation, a syringe pump with injector was used to add
heavy water into the electrolytic cell through the injection pipe shown in Fig. 2(a). It was used in the long duration
electrolysis experiments, Exp. #201127 to 210322, as summarized in Table 7 in the previous work [12]. The syringe
injection pump was not used after that. The purpose of this work was to find a way to activate the Pd sample, rather
than continuously monitor for excess heat for a long duration, as was done in early cold fusion research. With our
method, the electrolysis time was generally controlled within 48 h (except in Exp. #220222 in which it lasted 60 h).

2.2. Calorimetry of Reflux Open-Electrolysis

The excess power Pe in the D, 0O reflux open-electrolytic cell shown in Figs. 2 and 3 under steady state (input power
is constant, i.e., dP;,/dt = 0) can be expressed as [12]

Pex = Psgc + Pupor — (Veen — Vin) I M
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where Psgc is the thermal power measured by SEC; V. is the cell voltage; Vi, = 1.52666 V at 25°C (the working
temperature of SEC), the thermoneutral potential of heavy water (Vy, = 1.48121 V for light water at 25°C); [ is the
electrolysis current; Py, is the evaporation power and it can be expressed as

I
Papor = 0.5 =" Lnao (2a)
= 0.009791 @ 25°C (2b)

where F is the Faraday constant; p* = 1.01325 bar, the atmosphere pressure; Lp,o = 45.402 kJ/mol, the evaporation
enthalpy of heavy water at 25°C; p = 0.02735 bar, the evaporation pressure of heavy water at 25°C. Because p is a small
value at room temperature, therefore Py, does not change prominently with p* as in the Fleischmann-Pons-Miles
situation [2], [S]-[8]. For light water, the coefficient in Eq. (2b) is 0.01104 at 25°C.

Our experimental results also indicate that only the D,O evaporation at ambient temperature, and not the cell
temperature, needs to be considered for reflux open-electrolysis. The maximum temperature increment AT ey of the
condenser-tube end (see Figs. 2(b) and 3(a)) during electrolysis was 2.6°C when the cell temperature (7)) was 96°C
in Exp. #200713 (where D, 0O vapor pressure is 0.83 bar at this temperature). This also verifies that the vapor is cooled
to around the ambient temperature through the condenser tube. Because there is another 50 cm of rubber tube to
condense the D,0 in the sample chamber of the SEC, there is no doubt about the validity of Eqs. (1) and (2). The
validation of Eq. (2) is also verified by the mass change during electrolysis. As shown in the previous work [12], at
25°C, the evaporation of D,O will induce 4.16% more mass loss than that of electrolysis alone. In most cases, the
difference between the theoretical and actual mass losses in our experiments was less than 1%. For example, in Exp.
#210327, electrolysis currents and times of 0.7 A x 36 h, 0.6 A x 4 h and 0.5 A x 8 h were applied successively,
and a total of 9.6 ml of heavy water was added 3 times during electrolysis. The theoretical mass-loss according to this
model is 12.3372 g, the actual loss was 12.3184 g, so the difference is only 0.0188 g or 0.15%.

In other words, the reflux open-electrolytic cell is an effective design to reduce the evaporation process’ influence
on power balance, which was the biggest uncertainty omitted or debated in the calorimetry of open electrolysis in past
works [2], [S]-[8].

Because the open-electrolyzing process is usually unsteady (dP;,/df # 0), we need to use the combination of the
average excess power Py (= Qex/t, the total excess heat divided by the electrolysis time) and Pex of Eq. (1) to determine
whether there is excess heat or not. Another approximation is to consider the change of input power over time, dP;,/dt,
the modification of excess power in Eq. (1) is approximated in the first order:
dP,

T 3)

where C is the correction coefficient, which depends on the thermal properties of the whole system (e.g. the open cell
and materials around it, and the calorimeter). P/, is closer to P, than P, is. However, Eq. (3) is only applied in data
analysis after the data-logging is completed while the input power changes slowly and linearly with time.

In our experiments, the cell voltage and current, temperatures and calorimetric signals are all recorded on a

computer, in real-time, every second.

Pe/X:Pex+C

3. Results
3.1. Calibration and Trial Results

In the last 7 years, a new technique which can eliminate most thermal noise caused by temperature fluctuation of
the circulating bath of the SEC was developed in our lab [12], [13]. An example of the calibration in Exp. #210315
using this technique is shown in Fig. 4, the standard deviation is only 1.3 mW this time and is one order smaller than
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Figure 4. Calibration result of the SEC with an electric heater at 25°C in Exp. #210315.
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Figure 5. Zero excess heat in Exp. #230103 for Pt-H, O reflux open-electrolysis.

before [9]-[11]. This technique ensures that the sensitivity and accuracy of the decimeter-sized sample chamber of the
SEC can approach the levels of IPC of Fleischmann-Pons-Miles [2], [S]-[8].

The calorimeter was calibrated with a resistor in the electrolytic cell every month to ensure the accuracy of
calorimetry. They gave the same results in the measurement error of milliwatts.

Before the report of excess heat production, some trivial results are introduced. Fig. 5 shows an example of
calorimetry on Pt-H,O system in Exp. #230103, where a Pt wire cathode (¢0.5 mm and /14.6 cm), a Pt plate anode
(0.05 mm x 2 cm?) and 0.1 M H,SO, solution was used. The cathode and anode in previous experiments were
exchanged in this run; therefore, the cathode showed no excess heat production because of no deposition [12]. The
electrolytic current was stepped through 0.1, 0.2, 0.4 and 0.8 A successively, with each step applied for 12 hours. It
is shown that total excess heat is 0.064 kJ, which is only 11% of the standard deviation. At 0.8 A, the instantaneous
excess power Pe, = 32 + 5 mW, which is just a non-equilibrium effect due to dP;,/dt = —16 mW/h. Because P, = 0,
the correction coefficient C in Eq. (3) is 2 h/mW. In Exp. #201227 for a Pd-D,0O open-electrolytic cell, C = —2.93
h/mW, as shown in Fig. 15 of Ref. [12]. These two values of C are of a similar order of magnitude.
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Figure 6. (a) zero excess heat in Exp. #220615; (b) formation heat of palladium deuteride in Exp. #220712.

Table 1.  Effects of activation on excess power production of Pd-B rod.

# T activ,max/°C R ﬁex,max/mW I/A t/h date range

0 177 21(7) 0.5-0.75 387 201223-210129
1 218 2/11 46(3) 0.17-0.7 436 210202-220206
2 94 11/12 130(2) 0.1-1.2 371 220220-220330
3 97 1/4 22(7) 0.1-0.6 86 220401-220419
4 96 6/13 43(7) 0.05-0.6 629 220421-220623
5 96 3/6 42(3) 0.1-0.7 130 220626-220709
6 96 0/2 6(2) 0.1-0.7 54 220711-220714

Note: # is the ordinal number of cathode activation, which is putting the cathode in an open cell and electrolyzing under high current (< 4 A) and
high temperature for less than 11 h. The electrolyte is D,SOy4 in #1 and LiOD heavy water solution in #2 to 6; Tactiv.max 1S the maximum temperature

of cell reached during activation; R, Pex,max, I and t are the reproducibility, the maximum average excess power, the current applied and the total
electrolysis time, respectively, in the subsequent runs of electrolysis and calorimetry.

Two other examples of zero excess heat are shown in Fig. 6, for Pd-B/D,0 electrolysis while the cathode is inactive.
In the first example (Fig. 6(a)), 0.1 A was applied for 6 h and then 0.6 A was applied for 10 h in Exp. #220615. The
total excess heat is -0.030 £ 0.196 kJ with the total input heat of 86.631 + 0.024 kJ. The average excess power is
—0.5 = 3.4 mW, which is equivalent to zero within the standard deviation. At 0.6 A, the instantaneous excess power
Po =15 £ 4 mW and dP;,/dt = —5 mW/h; therefore C = 3 h/mW as done before.

Fig. 6(b) shows another example of calorimetry from Exp. #220712, where the Pd-B cathode was heated to 80°C
in an electric constant temperature blast drying oven for 1 h before calorimetry was performed, and the absorbed
deuterium in previous runs was desorbed. The average excess power is 21 4+ 2 mW in the first 7 h, the total excess heat
is 0.602 £ 0.172 kJ, while the formation heat of palladium deuteride is 0.593 kJ (calculated as PdDg ¢ stoichiometric
number). This means the excess heat in the first 10 h is only from the formation heat of palladium deuteride.

3.2. Excess Heat With Pd-B

A total of 6 runs with activation and 55 runs of calorimetry were tested for the Pd-B rod from Dec. 2020 to July 2022
as listed in Table 1. The cumulative electrolysis duration was 2,147 h (including 54 h of activation). The appearance
of Pd-B rod in the fresh as-received condition, and after electrolysis, are shown in Figs. 1(a) and (b), respectively.
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Figure 7. Electrolytic parameters in the second activation in Exp. #220220.

It is found that the Pd-B rod changed from brightness and uniform to darkness, rough and uneven due to repeated
deuteriding-dedeuteriding.

In the first 7 runs of Exp. #201223 to 210129 (see also Table 7 in Ref. [12]), the Pd-B cathode was used as received
and only cleaned with ethanol before the first run. However, it only produced maximum average excess power of 21 +
7 mW in Exp. #201225 as listed in Table 1 and reported previously [12]. After that, the Pd-B cathode was treated with
the activation method described before [9], [11]. Firstly, the cathode was open-electrolyzed in concentrated D,SO;4
heavy water solution in another cell for 3.6 h on Feb. 2, 2021; the DC power was set at 4 A and 18 V; the maximum
temperature of cell reached 218°C. Then the cathode was cooled naturally and cleaned. Finally, the cathode was
assembled in the reflux open-cell and it was electrolyzed and conducted calorimetry. It showed more excess power
than the previous series, the maximum average excess power of 46 £ 3 mW occurred in Exp. #210306 in all 11 runs
(Exp. #210202 to 220206). However, the reproducibility was only 2 out of 11 tests as listed in Table 1.

On February 20, 2022, we tried a second activation run, as shown in Fig. 7. At this time, the electrolyte of 0.1 M
LiOD heavy water solution and the reflux open-electrolytic cell were used; the DC power was set as 2 A and 10 V;
the electrolysis duration was 10 h; the actual current decreased from 1.5 A at the beginning to 0.76 A at the end; the
maximum temperature of the cell reached 94°C.

In subsequent electrolysis of Exp. #220222, average excess power of 70 + 2 mW with average input power of 3.2
W was observed. In Exp. #220226, average excess power of 53 =2 mW at 0.1 A were observed (Pex/Pin = 18%, see
Fig. 8(a)). In Exp. #220228, average excess power of 130 & 2 mW at 0.6 A were observed (P, /P;, = 5%); the total
excess heat in this run was 22.488 + 0.332 kJ as shown in Fig. 8(b).

The comparison of two experiments with and without excess power is shown in Fig. 9. In Exp. #210318 shown
in Fig. 9(a), no excess power was observed while 0.7 A was applied for 36 h after first activation. In Exp. #220228
shown in Fig. 9(b), instantaneous excess power reached 0.2 W after the second activation. Another interesting point is
that the temperature of cell was 82°C in both runs; however, the input power was 3.6 and 3 W in Exp. #210318 and
#220328, respectively. This also indicates the excess power was produced in the latter run. Even if the linear correction
of the input power is taken into account as in Eq. (3) and C = 3 h/mW as obtained in Section 3.1, P/, = —4 £ 13 mW
for the case shown in Fig. 9(a) with dP;,/dr = 1.3 mW/h (see Table 7 in Ref. [12]), and P, = 168 £+ 26 mW for the
case shown in Fig. 9(b) with dP;,/df = —8.5 mW/h (see Table 2). The conclusion remains that the experiment shown
in Fig. 9(b) produces significant excess power.

Excess heat results of open-electrolytic system with the Pd-B rod after the second activation, as shown in Fig. 7, are
summarized in Table 2. Nearly all of runs gave excess power at different currents and different temperature, except for
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Figure 9. (a) Input and output power of Exp. #210318, no excess heat was produced, and the Pd-B cathode was inactive at that time; (b) Input and
output power of Exp. #220228, sustained excess heat was produced, indicating that Pd-B cathode was active.
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Table 2. Summary of excess heat in Pd-B/D,O-+LiOD reflux open-electrolytic cell after second activation.

Integrated values Steady values

Exp. # Ixt Oin Qex Pex period Pin Pex dPy,/dt Tcell
A Xxh kJ kJ mW h w mW mW/h °C
0.1 x 18, 6-8 0.254(1) 32(1) 0.35 31
0.6 x 30, 28 -32 2.730(16) 158(8) —16 76
220222 1.2 x 11, 838.61(15) 182352 7020 50-53 9.504(16) 122(14) —18 92
0.6 x 13 62 - 64 3.612(3) 52(14) 36 88
220226 0.1 x 24 26.047(2) 4.62(17) 53(2) 22-24 0.304(0) 55(2) —0.55 34
220228 0.6 x 48 466.67(9) 22.49(33) 130(2) 20-24 2.710(11) 149(6) -85 82
220303 0.6 x 11 NA 4-6 2.986(22) 39(18) —15 78
220304 0.6 x 48 484.61(9) 3.98(33) 23(2) 12-16 2.781(24) 85(16) 6.1 77
220317 0.6 x 24 272.48(5) 5.06(54) 59(6) 20-24 3.126(5) 53(3) -3.6 26
220319 0.6 x 24 226.47(5) 3.34(63) 39(7) 9-12 2.603(4) 44(3) —4 73
220322 0.6 x 24 241.92(5) 1.43(63) 17(7) 11-13 2.786(4) 6(7) 3.6 82
220324 0.6 x 24 278.01(5) 4.00(56) 46(6) 4-7 3.151(8) 40(3) 17 46

22-24 3.305(1) 55(4) 0.56 NA
220326 0.6 x 24 329.92(6) 4.24(58) 49(7) 9-10 3.601(18) —10(4) 66 41
23-24 4.734(20) -5(6) 86 47
220328 0.6 x 24 227.20(4) 3.87(50) 45(6) 22-24 2.511(6) 42(4) —11 42
220330 0.6 x 24 166.44(4) 1.89(64) 22(7) 9-11 1.847(7) 42(5) —12 71

Note: Qj, is the total input energy; Qex is the total excess heat; P = Qex/t, the average excess power.

Exp. #220303 due to a calorimetric problem. Of course, high current or high temperature will give more excess power
than low current and low temperature. One example is shown in Exp. #220222 as listed in Table 2. It was found that
P =32 mW at 0.1 A (31°C) and Pex = 158 mW at 0.6 A (76°C). However, Py = 122 mW at 1.2 A (92°C), which
is less than that at 0.6 A because the input power was overestimated due to bubble formation and unstable voltage
recording, as discussed in Ref. [12]. In any case, the excess power depends mainly on the activity of the sample itself.
The first several runs gave the most prominent excess power. After then, excess power decreased with time in a random
manner.

After the first two activations and subsequent runs of electrolysis and calorimetry, this process was repeated 4 times
from April to July 2022 as listed in Table 1. However, the excess heat was not as prominent as the second series.

4. Discussions

In previous works [9], [11], we found that 3 activation methods of (1) pre-electrolysis under high current and
temperature, (2) heating in D,SO4 and (3) etching by aqua regia are all effective ways to make a Pd cathode produce
excess heat in subsequent closed-electrolysis of D,O. The author once believed that these activations are valid for
every Pd sample every time. However, after checking our past data for Pd plates, I found that all Pd samples showed
the similar behavior as the Pd-B rod here, i.e., every Pd plate can only be activated a couple of times as listed in Tables
3 to 5. Tables 3 and 4 show Pd plates of #1 and #32, respectively, for pre-electrolysis activation and subsequent runs
of calorimetry in electrolysis. It is found that Pd#1 produced the maximum excess power after the first two activations
and Pd#32 produced the maximum excess power after the third activation. For activation of heating in D,SO,4, Pd#16
produced the maximum excess power after the fourth activation as listed in Table 5. For activation of etching by aqua
regia, only Pd#8 showed the maximum excess power after the first activation, as listed in Table 2 in Ref. [11] and no
other sample was studied systematically due to etching process being hard to control.

On the other hand, Miles and Imam discussed another possibility, i.e., a cracked sample cannot produce excess
heat [7]. As shown in Fig. 1(b), there are more than a dozen axial cracks of 0.15 mm width on the cylinder surface of
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Table 3. Effects of cathode activation on excess power production for Pd#1 in D, O closed electrolysis in Ref. [9].

# T activ.max/°C R Pex,max/mW I/A t/h date range

1 110 8/15 120(16) 0.03-3 167 081221 - 090907
2 97 4/4 115(24) 3-4 30 090908 - 090812
3 98 3/8 51(24) 0.3-3 71 090815 - 090906
4 108 0/1 17(22) 3 8 090916

5 145 0/2 31(22) 3 19 090918 - 090919
6 127 0/1 20(15) 3 7 090922

7 114 0/12 34(24) 0.1-3 99 090924 - 110523

Note: # is the ordinal number of cathode activation by open-electrolysis while DC power is set as 4 A and 18 V for 5 to 7.5 h. Pex max is the maximum
value of excess power under stable state (Pex,max listed in Table 3 of Ref. [9] was only instantaneous value, which was not stable and reliable after
checking). Other symbols are the same as that in Table 1.

Table 4. Effects of cathode activation on excess power production for Pd#32 in D,O closed electrolysis in Ref. [11].

# T activymax/°C R Pex,max/mW I/A t/h date range

1 181 0/2 39(18) 4 27 150107 - 150110
2 196 0/1 40(16) 4 15 150112

3 213 1/1 100(32) 4.2 15 150116

4 188 12 30(15) 3-45 24 150121 - 150309
5 171 0/4 53(23) 35-4 48 150311 - 150326

Note: # is the ordinal number of cathode activation by open-electrolysis while DC power is set as 4 A and 18 V for 2 to 3.5 h. Other symbols are the
same as that in Table 3.

Table 5. Effects of cathode activation on excess power production for Pd#16 in DO closed electrolysis in Ref. [11].

# T activmax/°C R Pex max/mW I7A t/h date range

1 235 1/1 61(24) 33 12 131231

2 242 0/1 -12(24) 33 8 140102

3 244 1/1 65(24) 33 12 140104

4 244 2/2 117(16) 3-33 36 140107 - 140110
5 241 172 29(16) 3-33 24 140122 - 140123

Note: # is the ordinal number of cathode activation by heating in D;SO4 for 1.5 to 2 h. Other symbols are the same as that in Table 3.

the Pd-B rod after 2,147 h of electrolysis. However, cracks with a width of 0.03 mm was observed as early as Mar.
18, 2021 (prior to Exp. #210318 shown in Fig. 9(a)), the cathode had been electrolyzed for 480 h and experienced one
activation procedure before that day. Although the Pd-B rod did not produce pronounced excess heat at that time, it
become activated after second activation on Feb. 20, 2022, as shown in Fig. 7. We are sure that the cracking on the
Pd-B rod continuously grew during deuteriding-dedeuteriding in experiments due to radial plastic stresses developed in
a3 phase transition. Therefore, we cannot be sure that the cracking inhibits the excess heat, at least for this sample.

After 2,147 h of intermittent electrolysis, the Pd-B rod become thin at both ends and thick in the middle,
as shown in the right of Fig. 1(b). Its average diameter of 12 points is 4.848 mm, therefore the total volume is
352.6 mm?, which is only 2.4 mm? or 0.7% greater than the original volume of 350.2 mm?. Storms studied the
relationship between excess volume induced by deuteriding and dedeuteriding cycles and production of excess heat
of Pd cathodes [14]-[16], and found that the excess volume of less than 1% of a sample does not increase even after
repeated deuteriding-dedeuteriding, while the excess volume of greater than 1% of a sample increases with repeated
deuteriding-dedeuteriding. The excess volume here is only 0.7%, which is less than 1%. Storms also found that excess
volume no more than 2% is important for production of excess heat [15]. This means that the Pd-B rod here is a good
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sample and B additive can suppress void production and expansion during deuteriding-dedeuteriding. One possible
reason is that the concentration and volume changes of D during the a¢+ phase transition in Pd-B are smaller than
that in Pd [17], [18], resulting in a reduction in the plastic stress, so the void production is also less than that of pure
palladium.

This cathode contains 0.25wt.% of boron (corresponding to PdBgs) and the actual boron content measured
by glow-discharge mass spectroscopy (GDMS) is 0.18wt.% (corresponding to PdBgo;g) [19]. However, the original
density of this rod according to the mass and volume in Section 1 is 11.758 g/cm3, which is closed to that of PdB s
and is smaller than that of PdB gys or PdBg o5 [20]. Although Pd-0.5wt.%B rods were manufactured at the same time
and have the same dimensions as that of Pd-0.25wt.%B, M. A. Imam confirmed that the component of this rod is the
latter. The reason of this inconsistency is unknown now. On the other hand, the volume expansion of this rod after
repeated deuteriding and dedeuteriding cycles is different from the result of Pd containing 500 ppm boron in Ref. [16],
where the presence of B leads to an increase in excess volume. One obvious reason is that the B content here is at least
36 times higher than in Storms [16].

This sample contains 10.3 mg of B and has a mass loss of 2.1 mg after long-duration electrolysis. Because it has
been subjected to high temperature (218°C) electrolysis in D,SOy in the first activation experiment as discussed above,
we could not determine whether the mass loss was mainly due to the loss of B or the corrosion of Pd by sulfuric acid,
because the electrode could not be weighed after it was spot-welded onto its Pt lead.

5. Conclusions

We reached four conclusions: First, The Pd-B cathode provided by Miles does produce excess heat. Second, Pre-
electrolysis under high current and high temperature is an effective method to activate this cathode to produce excess
heat during subsequent electrolysis. Third, the activation method is only effective the first few times it is applied.
After that, applying it more times is disadvantageous. This experience applies not only to this Pd-B rod, but also to
all samples of Pd plates studied in our lab. Finally, this sample expanded very little after repeated absorption and
desorption of deuterium, meeting Storms’ requirements for good Pd samples.

Although the detailed reason of present discovery is unclear now, it is a good start to improve the reproducibility
and increase the magnitude of excess heat in Pd/D,O electrolytic systems in the future.
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