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The primary objectives of the Energetics Technologies experimental program are:

(1) Improvement of reproducibility of excess heat generation
(2) Amplification of power and energy gain

The program focuses on electrolytic cells driven by I. Dardik's SuperWaves

Several experimental approaches are being pursued:
• Optimization of Super Wave
• Modify cathode surfaces by special annealing-etching procedures jointly developed

with ENEA (Frascati) and the University of Rome
• Modify cathode surfaces by SuperWaves glow discharge etching
• Develop new cathodes
• Electrolysis with ultrasonic wave excitation

Experimental results in each of these research areas are reported along with results
from metallurgical and the X-ray analysis of the cathodes.

Successful replications of Energetics heat production was accomplished at SRI and at
ENEA (Frascati); results will be presented separately.

Introduction
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Teflon

Alumina
Aluminum

Recombiner

Electrolyte

ET ELECTROLYTIC CELL

EC is inside a Teflon beaker that is placed inside an isoperibolic calorimeter
that is placed inside a thermo-stated water bath (3 cells per bath)

0.1M LiOD in low tritium content D2O (230 ml) System assembly
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Pd foil -- 50 µm

Annealed at 8700C in vacuum for 1h

Etched:

1) in Nitric Acid 65-67% 1 min

2) in Aqua Regia 1:1 water solution 1 min

Rinsed:

1) D2O four times

2) Ethanol 95% twice

3) Ethanol Absolute once

Dried:

in vacuum at ambient temperature for 24 h

Electrolyte:
0.1M LiOD in D2O of low tritium content; 230 ml

80
m

m

7 mm

Typical EC cathode
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Typical SuperWave
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Excess Heat

591729US excited electrolysis

1949253Total
191159Single Wall Carbon Nano Tubes Pd composite***

24625Multilayer*** Pd/Me(MeO)/Pd [Me Metal]

19316PdNi alloy

501021Glow discharge etching

1532050 microns Pd foil* - optically tested**

16169850 microns Pd foil - regular*

% of
giving

EH
№ of
exp.

№ of
exp.

Number of experiments by category

Reproducibility

*samples prepared by Dr. V.Violante et al

**samples tested by Prof. C.Cibilia et al

***samples prepared by Dr. A.Lipson et al.
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Target - Excess power like in Exp. # 64a

Pout=KΔT

Pinet=Iin*Vin – P dis

Excess Power of up to 34 watts; Average ~20 watts for 17 h

17 h

Average Pinet ≈0.71 watts

Average Pout ≈20 watts

COPE=(Pout-Pinet):Pin ≈(20-0.71):0.81 ≈24

Average Pin ≈0.81 watts

Po
w

er

Time
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SEM-EDS analysis of foil # 64 vs. 63

Surface of Pd foil after rolling and annealing at 8700C

foil #64 (EH) foil #63 (no EH)
many “black spots”
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View of typical black spot on # 64 and its composition

SEM-EDS

Element Wt % At %
____________________________
C 35.77 52.48
O 26.19 28.84
Na 4.92 3.77
Al 0.43 0.28
Si 1.05 0.66
Pt 0.39 0.04
S 1.44 0.79
Cl 10.68 5.31
Pd 2.55 0.42
K 11.07 4.99
Ca 5.52 2.43
Total 100.00 100.00
_____________________________
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Cathode surface modification

An attempt was made to create cathode surface similar to that of foil #64:

• embed “black spots” on the surface using special rolling procedure

• anneal under similar condition

• find the right etching procedure

• specify the surface properties by an optical method

•Unfortunately, no difference has been found!

•Power gain is relatively low (10-15%)

1532050 microns Pd foil - optically screened
16169850 microns Pd foil - regular

% of
giving EH

№ of
giving EH

№ of
experimentsFoil type
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62.5%58Total

1.95-1.2210-2558Deuterium

R/R0

% of Power
gain

# giving
EH

# of significant*

experimentsGas

Recent Series

38%513Total

1.88-1.628-1012Helium

1.87-1.2625-7515Deuterium

1.93-1.3217-2025Deuterium- Helium

n/an/a00Argon-Oxygen

peak10-2011Argon

R/R0

% of Power
gain

# giving
EH

# of significant*

experimentsGas

First Series

Glow Discharge etching – Statistics

* Experiments without Glow Discharge induced defects.
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High developed surface

Glow Discharge etching – tremendous surface restructuring

Secondary Crystals agglomerate
Truncated cone shape secondary crystal
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Exp.#141 after deuterium GD etching

COP=75%

En
er

gy
P

ow
er

Time
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Commercial alloy 5Ni95Pd

% of giving EH

19%

# of giving EH

3

# of exp.

16

• All samples gave extremely high loading with
relatively low current density ( ≤200mA/cm2)

• Deuterium retained in the lattice for months after
end of electrolysis

Annealed alloy before loading
Alloy after loading
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High loading for NiPd alloy

R/R0 =1.04 – full loading

D/Pd≈1 *)

*)F.A. Lewis, I.Lewis and S.G.McKee “Correlation of the relationships between hydrogen content, hydrogen
chemical potential and electrical resistivity for palladium alloy-hydrogen systems: possible catastrophe theory
representation of the relationships”. Journal of the Less-Common Metals, 101(1984) 503-521

Power balance

Po
w

er
R

/R
o

Time
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Kinetics of deloading outside cell

Estimated D/Pd atom ratio as a function of time after shut down of the electrolysis
experiment: 1-Pd-5Ni alloy (Exp. #449), 2-Pd.
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Exp.#449 – 5NiPd alloy

Maximal COP=110%

Po
w

er
C

O
P

Time
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Multilayer foils - Pd/Me(MeO)/Pd
% giving EH

24%

# giving EH

6

# of exp.

25

Spot enriched with Re
Magnification of Pd
“cauliflower”

Multilayer structure

Pd substrate 50 µm foil coated with 5-7 layers of PdOx, Ni or Re
alternating with 6-8 layers of Pd. Top layer is always Pd.
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Exp.#375 – multilayer with Rhenium

Average COP=10%

Maximal COP=16%

Power gain up to 2.5WEn
er

gy
Po

w
er

Time
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Composite structure: Pd foil 50 µm coated with 3 layers:

• 1st layer 0.5-0.8 µm electrochemical Pd from both sides

• 2nd layer of 1.0-1.5 mg of SWCNT

• 3rd layer 0.5-1.0 µm of electrochemical Pd

Composite overview – Pd “cauliflower”

Composite Pd/Carbon Nano Tubes (SWCNT)/Pd

Top layer of Pd etched out

Fragment of SWCNT
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Single wall Carbon Nano tubes (SWCNT)

36

4

11

good

95

1-2

1.1-1.2

CNI (old)

2

002375% giving EH

0033EH giving
experiments

16(tested 8)16(tested
12)

134Number of
experiments

excellentexcellentvery
bad

badAdhesion

95>969095Purity, %

1-210-200.5-401-2Length, µm

1.1-1.21.1-1.21.1-1.21.1-1.2Diameter, nm

CNI (new)Alfa AesarHelixCNI (old)Manufacturer

6431Series #

SWCNT opened by special etching procedure
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Exp.#357 –Carbon nano tubes from 1st series

C
O

P
Maximal COP=200%

Po
w

er EH disappeared after
increasing of Pin

Zoom of EHGradual decreasing of Pin does not affect Pout

Time

Po
w

er
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Cooling water inlet

Cooling water outlet

Cooling Jacket

Ultrasound
Cylindrical
Transmitter

Electrolyte

T Jacket

T cell

Schematic view

Electrolysis with ultra-sound excitation
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Quartz beaker

Axially centered Pd cathode

Teflon support

Helical Pt anode

Electrolytic cell for ultra-sound excitation setup A & B
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59

67

0

100

46

67

% giving
EH

17

2

0

5

6

4

# giving
EH

29

3

2

5

13

6

# of exp.

yes

yes

no

no

no

Thermo-
stated

Calori
meterYear

Setup
type

Total

yes2007

yes2006
C

yes2007

yes2006
B

no2006A

Observations :

• extremely high loadings (R/R0 = 1.47-1.43) applying very low current
densities (not higher than 10 mA/cm2).

• ability to stay loaded in open air during 1-12 weeks (stable βphase)

Electrolysis with ultra-sound excitation - Statistics
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Cylindrical piezo
ceramic US transmitter

Setup with flow calorimeter (Setup B)

US generator

Flow Calorimeter
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Highest COP=600%

Attempt to revive
the cell has failed

US on ~24h each time

Time

Po
w

er

26 days of run

Pin turned off

Exp.#ETUS1-15; calorimeter not thermo-stated (setup B)
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Cooling jacket with 4 tubular
piezo ceramic US transmitters

Water inlet

Water outlet

Axially centered Pd Cathode

Peripheral Pt wire anode

Assembled device is placed inside incubator to
minimize ambient temperature fluctuations

Thermo-stated E-US cell with flow calorimeter (Setup C)
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US on

Gradual increasing
and decreasing of Pin

“Heat after death”

At the end of experiment Pd-Pt
insert was replaced by Pt-Pt one:
Pout=Pin=0

Exp.#ETUS3-5 in Setup C – “heat after death”

Pin turned off
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1

1.1

1.2

1.3

1.4

1.5

1.6
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1.9
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2.1
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Partial deloading

Full deloading as a result
of El. power turned off

Loading and
deloading as a
result of gradual
increase and
decrease of Pin

Maximal
loading
R/R0=1.62

Experiment ETUS3-05

US on
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The most recent experiment ETUS3-6; Setup C

32 days of run

US on ~ 24h each time

Highest COP=525%

The same current as
before turn off

Pin turned off



34

Exp.#ETUS1-17; calorimeter not thermo-stated (setup B)

“Heat after death” – heat generation during 11 h after termination of loading
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R

/R
0

Released Energy 3.9KJ
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Silicate Carbon containing “Black Spots”

Non-metallic contaminations on the cathode surface

ETUS3-6 surface after experiment
SEM image magnification x1000



36Strongly pitted surface

Comparison of ETUS3-6 and ETE-64 (no US) surface
after experiment – both gave EH

SEM image magnification x4000 and x8000

Plastic deformation
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Conclusions

• Highest reproducibility is obtained with ultra-sound
excitation. Need to optimize application of US.

• First series of Pd/SWCNT/Pd sandwich targets had high
reproducibility. Need to find comparable SWCNT.

• Also promising are Pd foils that underwent etching using
glow-discharge with deuterium

• Significant “Heat-after-Death” was obtained in 2
experiments with ultra-sound excitation and with
Pd/SWCNT/Pd sandwich targets. It is suggested that
SuperWaves exposure could create a long-term effect
(memory) in the cathode in the form of spontaneous lattice
oscillations that result in the heat release.
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