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A AR (EITRSD E A IV SRR E BRI A 25 51 23 8 R IRl (ICCF26) 1-20254F4-6
HIREH A S FEBX T (Morioka) %547, HI%AF K% (Iwate University) i H &t (Shinya Narita)
FH.
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BUAHORMAI, A R AT, o ARG — 55 B ARG SCIRER A M . 2 WALIR
S EM, HAMMRESSETNE. EFOECIEREDNESMEILChER, EEEL
MERPFRA MG . A WE DR EERIR9HE, Rt

LRSS — ke i

1.1. E PR RAEG

KK\ 3&. HOREEBUTZE I SCRRA R, K& =T 24 RkE—X, HPBEXAEHNA.

DK SR PR T~ 22 202085 55 -5 BB V1Kl SR IR 1+ 5 4 I g ( Clean HME, hittp://www.cleanhme.eu/)
CFE T ISFBALFILENRI AT, 44FETHRIT5 48 A B, Coe gk — M. 2WlEma—K,
KK A 23 71 22 fIMaurizio Maggiore /141 | BR WX ¥4 S AR T 50 AN At B B 1T H 1 SCRFIE 0L £S.1.5.1] &

FLEARPA-ECCR8E (437l & University of Michigan 258 $££)200 /5, Texas Tech University

(TTU) 115J3, LBNL 1503, MIT200/3, Stanford University 150/3, Energetics Technology Center

15077, Amphionic LLCZJ3077) #£1,000/3 3 cHI1HK, HARBIELENRIJEFZEM, RRS A
PANHIG N (TTURIMIT) )38 TP 85 8. ok, EE AR 5T (Anthropocene Institute)
WA AZ IS UFLENR SE56G F 50 H B 1 (https:/solidstatefusion.org/grants/) , AifE N2.5810/53 0. Ak
R SR BB 7 AT EINAEE A R (BEC) . Forsley PR IRAEIHA R (GEC) . MITHIMetzlerZH Al
R CelaniZH 55 2 5K BALIK ¥4 SRALHIE 5% o

HAEH S (Minoru Toyoda) F3LHITEET (FARLAERIAR) F4:1E2023-20264F 1] B3 B 55 A HE
K (Jirohta Kasagi) #M-F M), HARIEKE . JUMNKE: BREH K, AT RFEMM R4 TR0
150773 T

12, SR E bR RS RRE S

ZHIAN, HEREERSZR 2 (AISCMNS) [FEFWilliam Colins Bl T~ & KR 21, A%
I TR, (EAIE 2T T Preparata®? . 28 H FF#E4T T ISCMNSH LW A, Hrak i
TEER IS E R i 21112k (Colorado Mountain College) FIN. Lynn Bowen, El2> K45 7K i 45
6N, JEEAlan Smith2BA5FRCEO (RISEFRHMTIAND o KJLFISCMNS —H A2 %%, BBk
ET50%TT CFAERCE) , KAS 20037, RKE I (F[EBrian Josephson, #7P = Michael
McKubre, ZE[EEdmund StormsfiDavid Nagel, & K#F|Francesco Celani, %[ Jean-Paul Biberian, H
KErre N il IXEEAFEISCMNS 1) 32 2 TAE 2 5 Fp BRI 2547 11 Bl bR & 48 8 7 3 N i 22
(International Workshop on Anomalies in Hydrogen Loaded Metals, IWAHLM) #1 ( bt R ASHZ AL
2¢ 2% &) (Journal of Condensed Matter Nuclear Science, JCMNS, =% /& Jean-Paul Biberian) . M\ICCF16
THIf, VTR RAEICMNS Fo iZ P04 AR SIS & A, BETC R 17364

1.3, SCHRANAS

2 ¥ 2021 & Freire Luciano Ondir # 4t it [ J. Electroanal. Chem. 903, 11587; DOI:
10.1016/ijelechem.2021.1158711 , {5 FIA37540/NH3460 NS 5 | A TEH .

Jonah Messinger % A ik 18 %% B M AN £t #F 5% B &K 17 B &F -
https://solidstatefusion.org/research/, B TR, BILIRN RS MRARZ ™= P55 5
REA FHEAT 702, DMEANTTER, HunzEds ENER s fd [As8] .

3% [ Conscious Energiesff/Diadon Acsif it | Hl#%% SIFER AR R LENRH N H [ A89, S.8.4].
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FFREARKIEBESHEM (LLMS) E EFFRBE (ARA) , FEREEF LS S WER 147405 %
BRI 4046 (2 https:/lenrdashboard.com/) , ZERI T _F f iy BAREL 7] B8R MER TG X
BRo BT SERAL, A 602 AN HIREA ., {EFILER T F A Dall-E H 2h 2 i 1 5 50 55 & K .

This page represents the distribution of LENR publications per year. The data fueling this dashboard consists of
approximately 4700 publications. To interact with the histogram, click on any bar to filter all articles by year. Use the
scroll wheel to zoom infout. After zooming, the bars can be dragged left and right.
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canr.org/wordpress/?page_id=2988, Xflenr-canr.org Wik i1 BTG SCHR A 2 BEATINEL . A & AT &t xd HAK
SCHRBEAT IR IR, BB FHIOE

% ELENEXCE THRI D& K0 2 N4 R IR 5%, 50 NE (Melvin H. Miles#
TR ALY FE a5

1.4, ¥ RAZ H AT AR SS AN e 2

5 [E fIRobert Christianftf{ 1 “ffCMNS N Ef " HIfR & o S H bR, 8 H AT w2 & 3
—: (D) SEAEERSR: (2 Bk BT [A108, S.13.3] o BKEE AT S EHE
J& (DGRTD - European Commission) ffJMaurizio MaggiorefJ$it 2 @ H /& “LENRAF 77 : M ff S Ur 7EHR
HI? 7 0S.15.1) o FEFXTEREE N B FE AT 1245, ILENR HBiiikb T 5 AR 5, W H
A 3¢ T B () SRS I PTE F AT ER R . BARMEE R R BN, IR E —EE AL,
ISCMNSH £ i BowenfE28 H M i) 2 EW 18 T A ik A2 S8 2 0 R AR . EEARPA-EFIA K
AT AT 75 Bl B AER O SR, BT DA SR 2 O oA AR S SR

5 WAt K5 HStephen Bannisterfi & 1 “fE# @y 9144 [A111, S.142) . E—IRAEEF A e
Tl v, AR Fr R R, KATE16004E FT Ja BEm kg RAM B —F A4, X IRAEIRAY
K FEAR20—-6001% o IX S22 4F LU Mt K22 1) 58 FR IR S A AR 21

5% EILENRGY A A ff) Thomas Grimshaw i i& | ¥4 AL CRIFHIBR B0 P (K11 LA 110, S.14.1 1.
i 2 FEHR VA AR N RRIR T 2 AR A AT AR BUR S A4 (global climate change, GCC) , A%
AR AT DA B R R 5 >R 175 G 1 8, A R AR W% 735 A BEAR SR ) 5 55

EEECR SRS 2 (Société Francaise de la Science Nucléaire dans la Matiére Condensée,
https://www.sfsnmc.org/) ff]Jacques Ruerll« 40 N HI B8 IHE—LENR A 0 8/ 444 SR AL Re R

[A112, S.143) , Z5i0RUWRLENR RHFEHMD, MmN, WFeHEmEEE (T
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KI1.4.1811.4.2) , RS EAR . HE IS MU BILENRE K Z AT, NI
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N A new source of energy is required
Low Energy Hydrogen Metal

Nuclear Reactions Energy
Quantum
Hydrogen Energy Lattice Assisted
Nuclear Reactions

Solid State Energy Cold Fusion

F1.4.1: Ruer 45 (A BARREIR I &Rk [A112, S.143] .

7Y 2" case : HME consumes some metals (fissions or transmutations)
o7
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K1.42: ZFocREMER EE&E [A112, S.14.3] .

2. Pd-H(D) & 4t

2.1. Pd-H,0(D,0) & 4t

£ [H University of LaVerne 1] Melvin H. Miles #t15 T *He M & S5HIMAFIR R (Miles iIfE S 2,
Hi Peter Hagelstein fXHF), FEFFBCBARIIFAR T, MR AR &SI *He WKEE 5@ T2 A
HLI K 224 *He (ppb) = 55.91 Pey/l, VEE I ZELIA G IX— . KA H Pd-B PIHRIN “He WK FE L

ZARMWAK, 8 B FHHE T ‘He i [A28,S.1.31.

2% [E New Energy Times '] Steven B. Krivit 55 Melvin H. Miles G 1E KR 1“7 #f & 1L
[A84). X2 —AHE W TAE, 1989 FAEVIRASKIAE] 5 JiJ5 BT 7 EEW LU, M EE T
[*) Nathan Lewis 345 it 95 375 S MPERTLE T. Electroanal. Chem.Z4 & 45 H GG R T, MU
G, R A% IR, IXAE I S LS AR T PR E VR . Krivit Sl 7RI E] T
Lewis #FFTH R4S, 28 Miles THEAER, Lewis FITHE R S AERAT, Ui BH 9034 2 A1 8 B
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Tifg S AE S0 o U 2 57 B (P2 http://electrochem.xmu.edu.cn/EN/10.13208/j.electrochem.2306231).

25 2% Turku K241 Kimmo Pyyhtia £ Pekka Peljo %61 Pd/D SEUTAR M 42 1 A Bk T [A63,
P10). Hfibtn T 2.1.1 Fion, WIGREAWZE Ag 22, HRBESFEIEEY R (PACL. CuCls 5§,
PtCly) FISCHEHEMI (LiCl 8 KCD WI4E, SRJGHUIR Pd BRIRZEHE, CR39 B L BRI,
R LR IS, MhZI . S5 R T 2.1.1 fiow, i PACL+H,0. PdCL+D,0. CuCly+H,0
CuCly + DO HLfRAR G R phZ 55, F 2 Am (PR Z1 S BHAAZ 1 um, 1 AR NN 1-1.5
pum, SCIGE A S . A ICPMS Wit Pd [ R /04, SRIMEMLL, LREMZE. 45RETR
NI

a)

B 2.1.1: Pyyhtid 1 Peljo AT HffR . ZUIRYIAE PA/D LRI, BRELZ 2 Pt Xt HAk, Al 2&4R
Kb, A=K [A63, P10].

# 2.1.1: Pyyhtid 1 Peljo ATH Pd/D HPIRUA R 1) CR39 MHELE R [A63, P10].

Table 1: Different experiments and their electrolyte compositions and if pits similar to Fig. 4 are seen.
Abbreviations: OPF = Original protective film, KPF — Kapton 6 pm Polyimide film, 3DC = 3D-printed cell

Sample number | Electrolyte | Supp. elec. Solvent Notes Additives  of cells Pits
[30mM] | [300 mM] [50 mL)
PdECOY2 | pac, | ua H;0/0,0 33| Nofves |
PdE-003/4 Cucly ucl H:0/D;0 33 No/No
PAE-005/6 pacl, Ka H,0/D,0 33 | Nofves |
PAE-007/8 Pdcl, uci D,0 DSA CE -/0.1 mM Pcl, 33 Yes/Yes
PAE-009/10" Ptcl, ucluce H,0/D,0 -/10 mM D50, 12 No/No
PdE-015 PdCl, ucl D.0 OPF, thermometear 3 Yes
PAE-016 PdCl, [T {50% H,0 / 50% D,0) 1 Yos
PdE-017/18 PdCl, ucl H,0/D,0 KPE 33 No/No
PdE-019 PdCl, ucl 0,0 Stirring 3 See Fig.
PAE-020/22 pdcl, ucl 0,0 KPF w/ 30C 3/3 No/No
PAE-021 Pacl, ucl Dot Hecell, DSA CE 1 No
PdE-023 PdCl, ucl D0t H-cell 1 See Fig. 6
PdE-024 PdCi, Licl D,0 Ag wire RE w/ 3DCS Yes
PAE-025/26 PANO, LINO, H,0/D,0 w/ 3DC 3/3 No/No
POE-027/28 PaCl, 73] H,0/D,0 CE under WE wj 30C 373 | Yes/Yes
PAE-029/30 CuCly Licl H;0/D;0 CE under WE w/ 3DC 3/3 No/Some
pdE-031/32 Cudl; ucl H,0/D,0 CE under WEw/30C | 1mM PECl, 33 Yes/Yes

*In PE-010 LICI concentration was 1 M
130 mL with PdCl, on WE side of membrane and 30 mL without PdCl, on CE side

$Two cells used old cell design and instead of Ag/AgCl RE used only a chlorinated Ag wire as RE
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2.2. Pd-Hy(Dy) &%t

% Edmund Storms K & &, HAW £ & 80 K A T — & X & ( https://www.lenr-
canr.org/acrobat/StormsEanewunders.pdf) /M A EHT#EE . 1E 0.5 atm Dy S0 X W B Pd s,
I EL T R A I, W LA B A I, W R D FNBR B AN Pd DTk . B ELR
S —FERIRN . XA PA AN 1 mm x 3 mm, H25g, EHREKEL 7cm, 20°CTHFH
2.2 mQ, % 0.0035 [fHEPHIRE /A THEF] 200°CH FBEH AT 3.7 mQ,  BIf# 35 fE L G Fa R
WA 7mQ, 3A BT HHRIIRMACH 0.15W, TR TIEEBTHE, 7T LA & H
WETEL fERMRIE T, SnRRA s RIBE T &, AW SETEML, KR E—IXE Pd-D &
G SR AR . 2 T IR R I Y i R R R U BOL 2 A EIR AN MR, FR R AT

0.15 LA S S . SR . S N I
T ® No Current r
B Applied Current, A [
Pd in D2 gas
0.1
=3
'3
w
2
o]
o
L L ]
[
g005
: L
S T .
T @
4 L °
1 °
0
0 100 200 300 400
TEMPERATURE, °C (2/4/23)PdCI2#2-EvsT

K 2.2.1: Storms i W IE Pd Fr () FURSFA RS AEBEFR TRBHR ().

Theresa Benyo [RJEil 1 3& [H F A Rt #F 70 H 0 (NASAGRC) XS FE TAE, FHHEN T
RiigfE [A102, S.12.1)s AT TAE S = K35y, DARTHERE, EAE R A P A
(1) Fralick Z57E 1989 2 2018 EMLIME] 5 ¥k PdrsAgys & & il b R w iR T, HES
MTERRL. F ICP AES il ] Pd-Ag A& /=R ZEM Cu CGEIRHT. 57728 20, 120 ppm),
Fe (SEBGHT. JE20518 20. 40ppm) Fl Zn (SZEGHTTE, SKIGJE 285 ppm), A Cr (SZIRFITE, 5K
5 J5 2 ppm) Al Mn (SEEGHTTG, SEERJS 0.5 ppm). TOF SIMS tHilF iz 4s 5 .
(2) H 2.9MeV H TR S B TALY (TiD, M ErDs), L7 WIEuE 54 ilimfty, v # D
RBE AT T R AR A AR R RE T BTSSR A TR AR DD RSEAE R 2.5 MeV
o, R AR SRR T R BRI SRR A Re R Si I 45 . R AME IR 3-8 MeV I+, 1E#
WRR A i PRl Sk 5 R AR B S M= AR 1 . B FER B SR N R AR Pd HARE K
ARG MM BT 2.45 MeV HIEREF T
(3) f£ PACLy/LiCl ) B 7K FLR Hh FLTRRE ) Pd B AR B 255 115 5
PEEHEN FIR Pd-Ag & &R I 78 TR RS H EREKAE T Pd BOEBEAE R, 41 Pd—
Fe + Ca8{ Pd - Ti + Cr, 8{%:K4 Pd+ D fl Ag+ D %3, SR/5HZ M Fe + Ti. Mn + Cr. Fe +
Cr¥nsk.



ENEEHF S H N K%% (S-VYASA, {EHEMP/RFES 43 km 1 Jigani) BeEHFFTH 0 Prahlada
Ramarao 18 1 /KB RSA ARG [A97, S.10.4). AbATME IR MR 2.2.2 Fios, KA AL
WA T7iE, AR TR SRS A Th R . ISP B I G ER, AR B il 9 4F
CLHEAT T 500 #5256, HAFA 100 R IELER . —BI9eih A = E 30-40%KEE . %/ £ [N
ST E LG, BD 3 NSRS 1 NSE (IR 2.2.3), B il R Sb#l 2% it &
AN R, RN R 100W, W3R 2.2.1. TEPEINE /R AN EERL = 50 B DY AR AT
JRBESCGN T =AM, TE PA-H 5 1 e St AR AU 2] SHe, (HTE S5t AR 2]

Flange _-Surface TC

BN

Gas Inlet

Cu Gasket o
~~Core TC

V]

Base The reactor design

K] 2.2.2: S-VYASA [N 5 KR Hptingk, AR s sk 4 H 4 Th % [A97, S.10.4).
o _— o = “-?55;\ 5 y il -

2.2.3: S—VYAA FrHscie s E, K 4 N R TAE [A97, S.10.4].

F22.1: #EHIN 100 W BT 4 NN ZRAFERIRE, S MEERIIK [A97, S.104].

ol Reference Active 1 Active 2 Active 3
(100w 5
i unit Generator Generator Generator
Continuous)

Fuel 3 ) . 5

. UNi+H2 Ni+Pd+H2 Ni+Pd+H2 Ni+Pd+H2
composmon
pHu=EEERE 266.3 300.2 284.3 303.9

(°C)

2.3. & JRENYIM R T 5T
V= E EHEREM BT AT (2-HMR) [ Nicolas Armanet Z538 7 & 15 = 3 GPa, 155 2= £ 2000
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K 2614 F ) PAH(D)ws10 7S RO 8 [A70). 78E (D # x> 1.0 R AE, AiLL4E McKubre 25
AN—HE"EF 5 D/Pd A BB, Arbl—EA AFEZ . Armanet 1X S8R — B
Pd-H #PR2ZE @, A TIEAS%E L.

L E TR TR 2ER E. Marano A1 D.J. Nagel 1+ T #RE P& TR A R AR F 1EH
[A62, P9). fEHEREBIZAAH 18 RWARLR W R BITH —in., HITBAMWMEE, —ME
WA FERER N EER R 7 mRa), 57— R A R T hiHE N RGa0E, RBISIT
AR, — B BT AER R R A R Z* R gliik . CRIFE Tis Zr, V. Nb. Ta. Fe. Ni fll Pd 1,
JTEE T RAARESE (B Z*>0), 1M7E Cus Ag MY 1, T mIERZESE (B Z*<0). Rajan.
Botta. Celani. Mengoli. Tamaki. Yamaguchi f Staker 25 £ /N BT A B TARL KA,
{ATCIE B UEYE . Preparata 7£ 1996 4 ICCF6 I 4Rk A4l Pd 22 (50 um x 250 cm) SEH | LT 5
EE> 78 W R, HEIESHEEME R, (EEAE DIESHZIAR

3.Ni-H 24

3.1. Ni-H,O &%

B[ B T 22 B SR8 /R 43 B2 (1T Kanpur, B 5K IT 4 AES 28 T 7O Shyam Sunder Lakesar
Ak AR 1% /N R K FLAAZ PR I B TR . E ICCF23 A ICC24 b, AbAl 13RI F EDS TERRFR PR
LA 1Y) 22 P R AN S B AR 0 3 3 A ), RO AT ES R 455 T2 1E. H EDS.
WDS FICP MS 434 1 100 ZFEM R IAIATGER, SSREW G 1-7% KA 5521, SXTEds
BN 3.0 & 3.1 81 3.1.2 Fios [A103, S.12.3). Fig b, WA 178 CLRTHRE K, e
PR LU B nRA s, XA R E, BREAR KRR T .

# 3.1.1: ITKanpur £ ICCF24 (1) EDS JC & 73 #T 45 R 5 AR A R T 700 2 45 R EL s . R RE i)
EDS 7 Hr R BI4H 53 5 Ni-97.78%. Fe-0.26%. Cu-1.90%#1 Pt-0.06% [A103, S.12.3).

Elements |ICCF-24 Current EDS |WDS  |ICPMS
Of interest |Results(10keV ) |Results(20 keV) [Results |[Results

2-10% 1.4-2.7% 2-3% 0.8-1.4%

2-3% 0.1-1.2% 0.5-1% 4-8%

Au 10-70% 0.1-0.6% 0.1-0.6% 0.3-0.5%
10-20% 0.1-0.5% 0.1-0.5% 0.3-0.5%

Balance Balance Balance Balance



Au (W% on edge)
3
1

Au (Wt% on edge)

ol
@
L

o
=
n

o
)
N

o
N

o
=3
I

= Au W% in reacted sample at edge
Au W% in unreacted sample at edge

0.454

0.40 4

0.35 4

s

@

b=1
.

0.25 4

.20 4

015 4

0.10

T T T T T

0 10 20 30 40
Applied bias voltage (Volts(Vgas))

= AuWt% in reacted sample at edge
~ Au Wt% in unreacted sample at edge

wugn w

T T T T T

4 10 20 30 40
Applied bias voltage (Volts(V, )}

Au (Wt% on body)
) ) o o o (=3
= X @ & @& =
L . . L . L

e
=)
1

= Au W% in reacted sample at body
Au W% in unreacted sample at body

o«

T T

10 2 30 a0
Applied bias voltage (Volts(Vg,s))

= Au Wl‘ﬁin reacted sample at body
Au Wt% in unreacted sample at bedy

s 0

i’O 2’0 30 40 50
Applied bias voltage (Volts)
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WDS 7EAAAR LML [A103, S.12.3]1.
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® V% for reacted sample
0.020 .
0.015 4
0.010 4
0.005 4
0.000 4
T T T T T )
0 10 20 30 40 50

Applied bias voltage (Volts(Vgys))

V% for Unreacted sample
® W% for reacted sample
.

k.

025+

s
i

0.154

0.104 .

0.00 T T T T T 1
0 10 20 0 40 50

Applied bias voltage (Volts(Vg)s))

K 3.1.2: 1T Kanpur ZHH] ICP MS i A [F s HUE T FEARAS R B 0 B B, 20 2802 SO BRI
&8 [A103, S.123).

3.2. Ni-H, &4;
%+ Heinz B. Winzeler 7E Ni-Hy &4t WM EEE# [A57, P3). AL 2 = KA Piantelli
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FIFIASRES, Bh e B E A PR (LK 3.2.1. 2), EERN0.25. 0.5 5 1 mm FI3HE Ni
JRCE R S B 3 &E/M&%ﬂﬁ’]&i 5 EMET RGME, L0 E S 0% T E
o RBLANEIKM IR, F 100 kHz A2 Ni fr 80K LENR. JI#AVE RN IS 2R 2
PAH A HRAAE S . K 3.2.3 P 025 mm JE Ni BRI ELE R, s
TR I COP>100%, FHF4E 11 K, Hl COP ~FH4ME N 125%. SEM EDX M &R ™42 | 5-8wt.%
Fifk (K 3.2.1). SEIGEE ML N . FEHE LY, Winzeler £ EEEIZ

NI TR R R, MEE RN T %,

Vertically arranged reactor T’"‘""“ -
tube, heated in head area : 6\
0
AT H}- acoc [
= ! kgl Converter
2 i = |~ ST
Ring shaped reaction - —(N L = & B¢
material, inductively heated T SR ST |
il "' ““““ T Oacilator
i Y-
T
i
Freely movable temperature m{r>+ =1 | squisiion
sensors 000000 g G e boviinnnnnd : : o,
= = b—@ : :
|
— i
; i1 i
Flange with passages fa 1 !
in cold area for == Lol | Togger <
gas/vacuum and sensors =l gy -
— = | P inimtd fi

I

il
e e e
il
[

Power oscillator couples
high-frequency field into
reaction material for heating
and excitation

Spiral tube with dual function
« inductor and
+ heat exchanger

Measurement and control
unit, long time recording

Operating conditions

Nickel rings stack and H, ["]

Inductor-frequency: 100 kHz
electr. Input DC: 226 W
therm. output 27.31 W
(m*-c,-AT)

K 3.2.1: Winzeler #J Ni-Hy e Nt~ = B [A57, P3).

K 3.2.2: Winzeler [f] Ni-H; [ Mt s2¥iE [AS7, P3).

11

15 3%’ T}ufﬁﬁ

RERfHER. 75,



F2-3 low H2-pressure

350 2nd Rep. 12.02. - 28,02.2021 07
340 0.68
. 330 066 T
& 320 0.64 3_
é 310 062 @
300 06 ®
g 290 —Temp uper (°C) 0.58 s
- Tompiowr ) o 3
; 260 —Q'therm (W) 052 =
2 250 05
g 240 —COP (%) 0.48
230 0.46
% 220 RG apui () 044
3 210 —H2-press. (bar) 0.42
3 200 0.4
£ 190 0.38
§‘ 180 036
£ 170 0.34
8 160 0.32
5 150 0.3
£ 140 0.28
E’ 130 0.26
120 0.24
€ 110 ’ 0.22
100 f===m=mm== -- B it e m e - - V-Y--¥-¥4--- 02
90 0.18
80 0.16
70 0.14
60 0.12
50 \ 0.1
40 0.08
30 0.06
20 : 0.04
10 0.02
0

. 0
0 24 48 72 96 120 144 168 192 216 240 264 288 312 336 360 384
duration of experiment (h)

K 3.2.3: Winzeler 7F 2021.2.12-28 i) Ni-H, R4 = E I GLESE, 7] W2 3 0.45 bar;
L COP, W HARITME COP> 1. [Ntk N f = 3] 340°C [AS57, P3).

% 3.2.1: Winzeler F§ EDX & HIEEM B (99.2%Ni1) Flj M 1500 h J5 457254k [A57, P3).

Element Starting After reaction
(surface) mat.(w-%) (w-%)

90...93
6..8

3

1

0

0.4
0.2

0

12



4. Ni &4-HD)&R %t
BRI G- AR R SRR AR [T A, IR RITEA I Ni-Cu & &N, A4 TU 544,
4.1. Cu-Ni-Zr 1 Pd-Ni-Zr ¥} K &2 5

Cu-Ni-Zr (CNZ) 1 Pd-Ni-Zr (PNZ) &4k A H A S H WAL R R — HAUE M kL, HAri
fE R MR ES.

mtfFsE N (Akito Takahashi) [ 23338 T, (H X FAER AR R R A4 7 4
KEEGK 4 )8 A RS (MHE) W 78 I 5GHT HEE . CNZ DAZAE J LRI 8] Py ik 2] H/NG >> 1 HIREETE 300°C
DL A A BB (29 200-300 Wkg). 24 H/NI IS 1.0 (AT S5, BThR I G &R, JU
Ke, BEEPPRE IR FEEGE HNI ingktt (H/Ni>>1.0), IR/ . 856 H/Ni= 1.0
+a (a<2.0), A MHE #4023 KF .

2023/1/19-_ Mesh-CNZ8ss—rr H_ W2-100W T T
200 0.40 Wex max = ca. 50W
190 \ I 0.38 In rise-up phase
180 ; X e [ 0.36
170 ; e 0.34 Wex plateau = 16W
19 = —— .. }om Lasted for ca. 32
150 Nt e e i i oo e : doccaseeci 0.30 ‘
hours
140 0.28
130 e SO G —— e ——— . 0.2¢
S , a5 Here Wex by
=1 0228 TC6:1.0
< 100 w0 = | | W/degree in scale
20 018 F
80 018~
10 04 3
60 0126
50 0T
40 0.08 &
| | 1ERF T N SrEmmnvessieceees 0.0
20 0.04
10 0.02
0 0.00
-10 2:00 300 400 5:00 6:00 7:00 200 002
20 - - 004
Time (Rise Up~2.5h)

B 4.1.1: MRS CNZ8son MEHIGETI . GRIE T ARIZ) 5 H/NI CERZ) HIMHICHE, ALK i
KiEEH 50 W [ICF23-81s CNZ8ssr 1 AR rr o8 “ MRS,  IXIRAMA TR H AR R AL BE J5 2

KT CNZ #EE ENPIMBE RSN (B a4l REREEHE 790K CNZ &4, b1k
18 T & OB RS BEER BEIN (A A2 4k, R 4.1.2 s, AT RAE—RUUG, ISR, RiAgik)
[A72, P20]).

120

—s— Average particle size
100 |-

80

60|

40

Particle size (nm)

20

10 20 30 40 50
Ball milling time (h)

Kl 4.1.2: BiLBE CNZ & SRR BRI (a0 48 140 [A72, P20).
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H AR ARG B K% 1 TAER AT LR CiIE N A IES: [A39, S.4.2; A%, S.10.3). flifi17E
ICCF24 )38 1 kb JE A6 PA-Ni-Zr 3K (PNZ10r, Technova A &]$24t, NiZegid —Ishe
TRACEEIRE S EEARIEOR . X IR/MRETE (Tomotaka Kobayashi) #15 FAE#zfyk (RZr4h) &
BF (FE 4.1.3), HEZIEHIEEAERR A H 1 g SABR A, it 0.5 MPa ESES, dE
P J7 BRI 280°C, T B AR HF] 15°C (W R 4.1.4). I Ni #3410 Pd-Ni-Zr ¥ 15325
Aol B o W 2 11 DX OUE T ARy BB R R TS, AR IR NFE & N3, R NS 7R R TH R A
FrCliR TS . WNHNER, XATERMEIENSGE, S0 RO 223 [A39,
S4.2]).

¥ onaciiwine i [Setsample in reaction chamber |+ First, the sample (Cu powder) is set in
Salety valve v .
i Al | [ the reaction chamber.

P
2 N T — (T * Next, the chamber is evacuated by the
: v @ vacuum pump and preheated by the
- T heater.
!
- [ Load gas in the chamber | * After preheating, the pulse flow of
s L20mPE Vacuum | hydrogen gas generated by the solenoid
pump | Measure temperature increase ] valve is loaded into the chamber.
°
Experimental conditions
Sample Copper powder / blank (control experiment)
L Sample mass 1.0 g / blank (control experiment)
Kind of gas Hydrogen
Gas pressure 0.5 MPa
Heater temperature | 300 °C

K 4.1.3: BRGS0 BoRn 2 B st DR [A39, S4.2].

Result (measured by the thermocouple)

1_P|MPa]

Result (measured by the noncontact thermometer)

1000 L_TI°C] — 1_P{MPa] 1_T[°C)

900 1.8

800 1.6

O 7 o 145 O30 14 o
% 581 | oau &
; [0 QR Se— 1.2 2 31 1.23
= 500 | 2 =300 ] . 1 2
s About 280 K 3 |5 3
£ 400 08 %5 2200 M. About 15 K 08 3
}2 300 ~mmmemmsased [i,()L' : 280 ()A(|:‘—

00 0.4 70 0.4

2 >

10 20 30

Time s Time s

Kl4.1.4: H 1gH88¥k, BN 0.5MPa E UK 7T, R 2GR 280°C (o), i # L3 K
F] 15°C (£ [A39, S4.2]).

[ 2L S PR K (Yuta Toba) #1075 Ak /S A IR K B ] LAB i #k [A96, S.10.3). FIH
ANRL R, SR KA 260 mm,  HEAT 3 g PNZI10r 99 KM RIS SR 5286 . S LR IR ] #
TEIR B, B EIT I 8 12 180's, FLRAIITT ol B mT B 2] 20 ms. [T e R, S
GyreHE 100°C DL BT, REBHGER K . 32 RO PG T S 10112 7= A SRR S, S AT i e )
BEIERRK, FRBAWEE R, R, Sl s s AL, R T IR A A K. Rl
BEINT WM R, 3 I Y IR A i UL A O SR I I R A . IRT IR AR IR A T AR R
FE RV ol B R R 71 P S v R ST LR i AU, AT SR, B34 B 2K

14



P IR AN SRR (LR 4.1.5) SEBRR B, TEVIUG P30 B 258°CI %4 T, % 0.5 MPa
FIESEN PNZ10r H, [FIRHEmiHE R (RIRTE] 4.1.3 g AT ) M 325 mm B F] 1325
mm (L FE 4.1.5 41 Fig. 2). 5 8EW, 7€ 325 mm F 825 mm, FEE WKL, PNZ10r )
IETHEBEZ 30, 4R e R 825 mm I, MR KK IR TN 62.9°C (& 4.1.5 1 Fig.
3)o SR, HHTREEEAN S RERIFERL, WIS 825 mm 544 S BUR TG,

2 L — & Tempareture ri
'-b.;--s.,-m'a )
pressure gradient  pressure gradient of H 5
by solenoid valve ~ mean free path level gas-jet nozzle length : 325mm g7
‘l l g 50 :
\7 _\7 : l ) k :
H ').?._ O ¥
Fig.l. Pressure gradient of gas-jet nozzle length : 1325mm Fie3. T gas-jet nozzle .m:z"- mm 0
hydrogen gas pulse jet Fig.2. Gas-jet nozzle lengths of 12-5. e‘_“PCfa“‘lfC 1"5‘3 ﬂl: e
progressing in gas-jet nozzle reactor system gas-jetnozzic lengl

4.1.5: FAEH /N PNZ-E/S SL50 P AS [ it K B 6k IR T A 52

5[ JET A MR, Swartz 4622 NANOR® ZrO,NiPdD #:F, 7 K 4.1.6 Fias—1l+,
TEREALFRET KA 5000-7000 O 2h) BFFTAAE] 10 wW, FrHik£] 0.1 W, COP~ 30,000, Swartz
AR A R, 32 B R I Ry, BN TEiEE ] [A32). A 5 — RS #2258 H 2 <
CF/LANR ZK M RE R 40 1 R e v B dmid =1 teks [AS6).

E181-221206A - 2.2 Megohm control followed by Nanor 10-1greend
1.7 kV -Input and Output Power and Energy Dec. 6, 2022 Dr. M Swartz

1 y | ‘ 3000
2000 4000 6000 8000 10000 12000
Time [counts - each 3.6 seconds]
01 2500
Power [watts] ) ®) Energy [Joules]
| CONTROL~ CONTROL NANOR
(R X . PowerIn ! " Component
0.01 w - Pin ; g‘ U 2000
; AR
Bt oy i, Energy
et ol - Ein R
0.001 - Hpe-= R T L 1500
b \ + Eout -
e hermal
Backround
0.0001 I 1000
ECONTROOL ! Thermal !
nergy Out NANOR™ 5 8 ik
0.00001 y Backround 500
" Power In
.&‘m;‘f 4 g
0.000001 - 4 .;:1: ;-;“3::_! ok sy (c) 2022 Confidential and proprietary 0

K 4.1.6: Swartz [ ] ZrO.NiPdD 281F 1 4E B [A32]).

4.2. Cu/Ni 1 PA/Ni i & 4;

H AR ZRIE KAy i B BRA &) (https://www.cleanplanet.co.jp) & /EDH 4L A A LA (Jirohta
Kasagi) [A27,S.1.2), $f# = (Takehiko Itoh) [A33,S.2.2) %A #f FEdL (Yasuhiro Iwamura) [A42,
S.5.11 73 HlHRiE T A SRR FE 1 Ni-Cu 22 2 B Hh 57 4

T HESE Ni-Cu Z2JZ A R B8R, TR 7R E R (EEL R 4.2, ZE#
ffH =M F 6 1E T, —FyE TMHK-CLE1350 (P 3-5.5 um) HFHZ4h, —Fp2 FTIR Jitk

15



{X Hamamatsu C15511 (P 1.5-2.5 um) H T 4048, — /& Hamamatsu C10027 (%1 0.3-0.9 um)
TR . BARTFRA R SRR S e TRE Ni 418 B2 )2 Ni-Cu R R, BRI Hay(D2)S
R, A ERE S, RS IIIE] 1000 K A4 FfETE Ha(Do) SRR FE A = AR
TREFIIAE AT e, MEEIIE. B TREGREERTT O 10 Pa), KLk HFE M
KB AR il S SR R o DRI, Rt B GERIE & T IR B2 e i AR . A

FIZAAE TR ESER I TE 422-6, FELERWT: (1) SAKREBEHRELEZEXT; (2) Ni-Cu

Z 2R Cu B2 AR K, Ni/Cu=5/1 B EL Ni/Cu=1/3 HIEREIA, (H 45 5B 7 B E R A5 ;
(3) HEAJLTAFE, 80h WABHIK: (4) KT, ARG HEBK.,

Excess heat generation in thin NiCu/Ni foil during H,/D, gas desorption

metal foil sample on heater in vacuum Background measurement:
thermally isolated at high temperature Photon radiation at various Vg,

before introducing H,/D, gas.
800K < Tc < 1100K, P < 10-5Pa

/ To Power Supply \
Excess Heat measurement cycle (1-day cycle)

To Power Supply

Absorption of H,/D,
Pressurize ~ kPa

Heater
Spacer. \
Sample

Cover

Tc~500K, Time ~15 h

|

Photons

Photons

at ~17:00

Sample Sample
Foil & Foil B :
Desorption of Hy/Dy: Evacuate the chamber

Radiation measurement Heat up SV ol TR T
heat

Sample: foil of NiCu on Ni 5
\n a vacuum chamber J ~05<T<~8h, P<10Pa

ARACKZEH Ni-Cu 2 2 1587 A 7 10 M Am S B AL R P [A27, S.1.2]

Kl 4.2.1:
Cu(140nm)} / Ni

6{N|(6nm)Cu(17nm)} / Ni

"'!l'll" VT

@ H, desorption || f— N @ H; desorption
r / 2 X in vacuum

X in vacuum [ y \
/ N
N

02 04 06

Esh(ew) Ephley)

Kl 4.22: ELEE 6{Ni(6 nm)Cu(17.8nm)}/Ni FEJiE (/) Al Cu(140 nm)/Ni FEJiE (F7) WAEES LA (44
B 2D B S ES T (Bx) 2R, 7] Ni-Cu £ A B S, 1 Cu R R A RAGE

%;\l\‘ o
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Does Qex depend on Ni/Cu ratio and on H2/D27?

Measured with new detection system

T T T T T T T r r
s || @ Ni/Cu(5/1) on Ni; H2 ] o | [ ®@Ni/Cu(1/3) on Ni. H2 1 L [enicuassonnip2
O Ni subst.; H2 H2 gas Cu (140nm) on Ni, H2 H2 gas Cu (140nm) on Ni. D2 D2 gas
X Ni/Cu, Ni; vacuum X Ni/Cu, Cu, vacuum X Ni/Cu, Cu, vacuum
°r i } Ni/cu 'I 1 s}
= i .
? 4F % é . a N‘/C i i n «F 2
= i/Cu .
i Ni/Cu g !
2 - - —~ 2 P - 2 bk e
¢ Nialone 3 H 4 H
z $-—p--gmm=—— -1 Cu alone } - 3 + Cu alone f £ ; L
oo s bbbt 6 NG, SO ' K S e --- - et it Y oy et & Fo——d——— -
b e ety
3 ! > 1 ' ) L L 2 s . . . N
20 25 30 3% o 2 2 28 28 30 20 ”® 24 20 28 30
Pin (W) Pin (%) Pin (W)

Kl 4.2.3: Ni/Cu Lk 5L R, 40 Ni RN (A); Cu HEEASARAH HG D
(F, ), BIRTLIEHEER Cu-Ni & 44k; Ni-Cu Z 2R A] =42 B2, NisCu Hb NiCus # AT & .

SE evin-d2v 1 | evin=av 1 . f ® Vin=42V
H, 18t ® Vin=40v ‘ D, ® Vin-40V "E H,2nd ® Vin=40v ]
sk 2/28-3/16 OVin=38V' 4. 4 3/22-4/6 V=38V 1 b 4711-4/20 ® vin-33v
; af 1 <F; 1 ' 5 i = _.'; — —7;;-'7~7—' ‘?—‘ ’ _-'

B : 1 ) 3
- o ¢ p L i
e .o — | el
zi‘ Tt fE
'Y ¥ iy ¢ F

'
1 F - 1 F 3 = 3

Time (how) Time (hewr) Time (howr)

Kl 4.2.4: NiiCus 2 J2 JRA5 3 1R B (8] R4, AP AL We BB —IRHES (),
TR (D, BEEREHESR (), R AR I [R) Z2 8 1 0 .
H, desorption, V,...= 42 V (4/14 -4/17)

D, desorption, V=42 V (4/7 - 4/10)

Z -- 10 sec interval ; -+ 10 sec interval
- ++- 300 sec averaging 3] 2 F -+ 300 sec averaging =
Initial absorbed D,: 5.81E-4 mol ] E Initial absorbed H,: 6.08E-4 mol
“F Produced Energy: 1.1+0.12 MJ " Produced Energy: 1.2+0.12 MJ
5 E/D > 9.87 keV /D : E/H > 10.3 keV /H
¢ 0 V.O 21 J‘Z rl'O 3:? 5.0 ?IO 80 : ] 10 20 .}:x 4t 3.2 80 70 20

K 4.2.5: EARIIAT N, 2B BT RE T AL, A BRI S FE i A tE, T ILfE
80 h WJLTAasE, SR EA Rk, HEURC R X,

17



H, desorption, V,,,.= 38 V (3/3 - 3/6)

¢ ‘ Initial absorbed H,: 6.048E-06 mol ‘
[ Produced energy 520+ 120 kJ ]
. b E/H > 460 keV /H pu

- -

300-sec averaged data

10 20 30 40 50 a0 70 80

H, desorption, V.= 42 V (3/10 - 3/13)

e Initial absorbed Hy; 1.087E-05 mol 3
[ Produced energy 550+ 120 kJ i
E/H > 260 keV /H

— 300-sec averaged data

(=

o 10 20 30 40 50 €0 70

tima (h)

Time (h)

K 4.2.6: FERTIRME/DTLART 1710 1500 TR G5 R RGBT ), B RAL U T A
BZ, WWARZR TR,

B = (Takehito Itoh) fRIE | 40K 2 2 I S0 F2 o H AR R IR AR SRR IE L A3, S.2.2 ).
SIS B RE 2 Cw/Ni/CaO YK Z E M, KA RIS TIRESIE (LT E 4.2.7). BHiAah
K2 E ] 72 70 25 2 N AR b SR R M B s w i (LI 4.2.8(a))» EABIKEIFE & (250 Pa,
~250°C, 12-15h) J&, NOFAFE S IFPRFFN TR e, FR R AR, Ns R 7EdfEd,
MR R, BHRESRRTI . B 4.2.80b)5% R T —BIHER . %5256 I3 8 e
K, A B R LLAME S BEINAEHR L KT RPN B 4.2.8(c)2 5 Z IRBIERTBOR B .
A TR 2R BT, BEE MG EET &, e B RSN, XU A R4 T #IER, 1M
HRREERME, ERRATURD, A TS Je TR, BEfEA R V& TE)Z B 20 A0 6 6 ik
TRERTIEZ) 8 s, R ETHIAIZ) 150s, VR 4.2.9. #IEE DR BKAE 0.1-0.6 W, V£ ILIE 4.2.10,

— Sample: CuNiCaO multilayer

|

il |

'y

Ni substrate : 100um

= Ni

CaO

42.7:

H AR ALK 248 F 1 Cu/Ni/CaO £ 2%



(a) Heater temp. ,(
Power Supchy e
[o——
Heat Generaton
Mid IR Mld IR
Radiz umn Radmnon
Surface B Surface A
®)

Heater Temp.
Mid IR Intensity of Surface A
Mid IR Intensity of Surface B

DN

n

Heater temp.(°C)

w

" ” " " n

Time(h)

] n

K 4.2.8: Farcnf A Etez, A— 0 A i b BUE AT &

() 930
929

928

927

Heater temp.(°C)

926

925

Mid IR Intensity (arb. unit)

924

,,,,,,,,, 14380
Heater Temp.
Mid IR Intensity of Surface A
Mid IR Intensity of Surface B
387
TRy, R » 5
‘f ,_”-_._J"'.: '5
: 5 PRI LU TR, LT SR B
fw: gy f
P o s
u_a.s,&uin}'}" 1385 g
§ 4 "~
b ¢ ¢ =
b s
JI—— | 384
......... J S PO TP S S =" | 383
16.66 16.68 16.7 16.72 16.74
Time(h)

AR P LA G R P,

11752 s B P )L PS8 AT T 18 v 2 0 5 P SR T

928

At-Te

(%)
<
a
g ?
5 $
] ’ 4 A
-] . !
S 26 - B
- s o
b SRl 384
—_
P- ~——®——  Heater Temp.
- —&—  Mid IR Intensity of Surface A
P— * Mid IR Intensity of Surface B
925 4 . . 383
1665 16.66 1667 1668 16.69 16.7 16.71 16.72
Time(h)

Tc

Surface A | Surface B
2 Y
5 S
‘g -"/’\“"I'"\"\i o
2 e
5
E
= Heater
=
b

At;=8sec ; Precursor
At,=38sec
Atg=133sec
At-Tc=153sec

Bl 4.2.9: AR TP EORF AR (8], 35 1R 2 s ANt Gkt T B 2 8's, i ETHI a1 Z) 150 5.

2 B;:“ o Bum; T B;"; i Reference experiment (No H absorption)
1 Bursts Comparison
Burst2 Bt ' Burst mid IR Intensity
ol = Intensity (A side + B side)
‘ EXH.' Foreground experiment (with H absorption)
g 06 M \SLJ
>=< | EXH (W) ex-Energy(J)
= Burst1 0.11W 43.7]
04 f Burst2 0.28W 235.5)
Burst3 0.24W 170.4J
02 | SREnagy Burst4 0.26W 171.3]
Burst5 0.42W 439.4)
° s ‘ Burst6 0.31W 823.8J
A5 2 7 = T,m‘r:“ o & & < Burst7 0.58W 1287.9J

K 4.2.10: AR TR R34
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FARESL (Y. Iwamura) 7 T IANEERE 202 A0 A DO 28 B AR AN S8 0 #48 v] S8 22 J2 M A FA ik
M, KGR ZMFBAE Z ZEd 4L TR [A42, S.5.1). fEFREMBKMEUR IR E, AT
TERE T RSBk R TAE, PN TIRA 27.8 W, 852 26.8 W (/> 1 W) 4ERF 3 min,
3h/EHARN293W GBI 1.5W) 4EFF 2 min, XFEA{RUEFITIR —BHZ 27.8 W, R 4.2.11 7]
DL IE $ I Th 3R AR AT RE UK H F ik

50
780 IR-A
a5
760 ¢ |
IR-B 40
740
K ‘ ‘ 5%
= 30

g Z
s 3
& H

; g
< ol
& =
= 720 -

== Input Power (W)
700
980 ° 50

— 970 | Thermocouple | { 45
9 | { {
L | { i
< y - 5
5 90 40 Z
& \\ k_. =z
=S z
z g
2 950 re— | | 35 ~
£ | i z
3 | '

940 | 29.3W, 2min Input Power (W) 29.3W, 2min

l 30
27 8\ ! ! 278w ! 278w

930 26.8W. 3min 26.8W, 3min 25
240 245 250 55

Elapsed Time(hour)

B 4.2.101: FE i [a) Zh 2 g A gs b m] LABOR H R ikt

X AEAB I Ni/Cu 22 2R, 2RO RIS R 724 7% (1) SEM EDX A& BLHH &1
TR, SRWTE 4212 fin. BIHRXHRAFE S PVA S ERA 0.78%, M/~ AMEEMP O &
&1L 33.7%; (2) A TOF SIMS 734/ 2 JZERE i (LR B 4.2.13), AR ILRIAN 2R A,
T 562 Ni/Cu Z 2 Ni fl Cu A AL LG M B HUk A &8, HIRERNMGATEN]R
MG T JLHE, RE AT ATIA 200 nm; (3) SEM EDX il TOF SIMS = 0 AiAHE (LR K
42.14), WHHIMHE LR U0 (4 TR 700°C R AWk, BAESSPIRE, il
RIWATEANEIL 5% LTE 42.15), BEEGEALHIRADN: (5 H RGA /b NA& (LT
Kl 4.2.16), 5% 6{Cu(3.8 nm)/Ni(20 nm)} KiEEHAHE M (B34 1 6{Cu(3.5 nm)/Ni(20 nm)} /N
PFE (EFRIEL) AR o i =4 32 5 EE 28 PILE B R AE, FiES 32 v 2R, 1M
Ji EE A 28 TN Z COL AT Ny, AR i3 BH BB #4540 AR TEAR OGS
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SEM and EDX Analysis for Control and a Heat
Generated sample

) Excess Heat Generated(~7W) :
| Control | 12.75

031

Point #1 ) 3 ol 1.00
Ky C o 84.56

Cu 0.30

0.17 0.59
0.11 0.2°3
98.46 96.38

083 075 b
| | NiLa Point' #2 kfol[ll #3

f

NiKa ¢

ramTe | Bl ke

K 4.2.12: Ni/Cu Z)Z IR FE NP2 G TE SEM A0 21 it 480 BT & .

TOF-SIMS : Larger Excess Heat Generated sample (1)
: Depth Profiles

-
a @
E =
2 E

(=]
ot o
g =
& &
= ~
2 2
5 g
1 3
A O

0.0001 *~ T M=
0 S0 100 150 e s

Depth (nm)

» Significant Increase i / sontent after experiment -> Consistent with SEM-EDX results
» Cu and Ni ar 1sed ar loye hi erature

E4zm FEﬁE%NmszEHMME%ﬁFﬁﬁ
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TOF-SIMS : Larger Excess Heat Generated sample (2)
Surface Distribution of each lon Species

‘_ Before Ex])ir_irﬂant_j ‘ After Experiment ‘

Oxygen ion (O) distribution after the experiment was Non-uniform as observed by SEM-EDX.

K 4.2.14: TOF SIMS 5 SEM EDX e &4 A A

Forced Oxidation & Hydrogen Loading sample

‘ Expected to have a high oxygen concentration AlDmi(re)
C 097 4.50
Hydrogen : 0 039 135
e .~ o
Loading ; Si 033 0.65

Ni 9403  89.71
- B i Cu 4.29 3.78

cne | M) | i

I G 0.90 4,18
Oxidized at 700 °C for 2 Reduction and o % i
i absaIpHon B Even forced oxidation | [ 038 0.77
This is because surface absorption temperature o Sl 1 : -
temperature during an (300 °C) with samples have oxygen Ni 93.70 89.30

3.97

experiment is about 700 hydrogen at 30 kPa for | | concentrations below 4.51

| 2 T — about 10 hours. | | 5% after the normal grain boundary

hydrogen absorption

DI

K 4.2.15: FERSEAER TR R A I RS A& ERIZE R .
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Mass32/Mass28 Excess Heat Dependence (2)

I

» Mass 32 (0,)/Mass28 is larger than the value of the
atmospheric component from almost all heat generated
samples => O, could be released during experiments.

» Mass32/Mass28 tends to be higher for larger excess heat.

» Consistent with the existence of region of high
concentration oxygen (ROHC) observed by SEM-EDX

Kl 4.2.16: AN RIS RAHF dm SURE LG PR PR s 8 32 15 0 s A 28 TRJ A LLfE
FEMFRENAE JCF23 EARAESE, STRARR B2l

HALKZENA TAERZIES, HEl Ni/Cu-H R M%7 Y EE R 0, X/ Miley Z4ERTTE
Ni-H Hff RS R IR EE ALY G2 0 5 — N BB, SHEE A E RS E .
REE T AR EIR LR A S5 TR St 52 AR AT L, T SO K.

HAH F R (Shinya Narita) 48R ZRZYEA Ni 1 Pd g RS S50 H ) #A000
& [A34, S3.1). HAEMGEMILTE 4.2.17, FBRELUE Pd RETEMZ] 200 nm 9™, 1EE BZ
WO GE RN EE R AR B 2L . SefE 5 atm [ Ha U INEE] H/Pd = 0.7-0.8, 4EFE SN LB IS A,
HFECEF] 104 Pa, (EFEM BIEA 0.5 W IHDIZ BIRAEEUNRR, SESATMIAE g (K BB B %
DU EL2T AN T TR D A 71240 24 he ARURSESS 5 DLRTAR b 14 a0 18 B IREOR S5O TE T R
WOk, EAFTEAE . XA VAR 9 F S ERULIN B B Kb, 2 S T A
IR KRR E R, BTN RIEE] 0.2-0.3 W, —FI45 5 IR B 4.2.18. WA E 7 V55 18 SIS,
R Ae 5 N A S S A YR .

AFM image TEM image
ENi({100inm) / Formed fine-structured
"‘““““‘“—““““““‘“‘“Pd interface by ion beam
(10mm x 10mm x 0.1 mm) etching

AFM: Projected shape with a width of ~2 pm and a height of ~200 nm
TEM: Semispherical size of 50-200 nm

K 42.17: HF RIS, 7E 0.1 mm JE Pd #HE EH Ar BT R Z10 5% 200 nm 755 55 KRS 45
) CILE AR AFM A1 TEM D, SR )5 IR 20 100 nm J5 7 Ni &,
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Temperature/Pressure behaviors in desorption

Temprature (°C) / Power (x10mW)

Temprature (°C) / Power (x10mW

Temprature / Power & Presst Pd(Ni)-2022-04
i -1

N

100 10 * The sample temperature increased just after the
90 « Temp. (IR) Temp. (TC) . , a

b Pressure | . power  + Pressure constant electric power was supplied. (Joule heating)

3102 s % o

;0 g * An intermittent temperature increase that occurred
50, 108 concurrently with the pressure behavior was
ol N~ _Temw. (R § observed approximately 0.5 h, and the phenomena
fgg .. (TC 3 continued for 0.5 h.

[ 'I‘hnl’esz“ TR TR g = A heat evolution was induced when hydrogen was

desorbed.
uuFirSt4 h of desorption experiment _— Thereafter, the temperature did not change
90 Bressure) | NomP-{IR), **Temp:(TC) significantly.
- P « P
:g il roseure | 102 = Hydrogen was supposed to be fully desorbed from the
©

60 wer supplied to the sample E = Sample'
50 108
40 2 The difference in indicated temperature between the TC and
gg . IR thermometer is considered to be due to the difference in
10? J C E their time response and the imperfect calibration of the
Oy g 107 emissivity of the IR thermometer.

N

Kl 4.2.18: 5T K% PANi i Z0dRE i BE ko, BT 24 h (45 R, T EDEHT 4 h (745

22 [# Y Francis Tanzella #38 T4 RHEEIR A =] (BEC) M LAESEE [A30, S.2.1). FrH#E 2
P B AR FTE R Cw/ALOy/NI =R 45 M (UL R 4.2.19), TE~3 atm SR H il Ingh#b e ik
XV A REAE R RO SR B #GE (total calorimetry) FUHGIIE T (LR E 4.2.20),
FoR R IE R R AN E TRAGTN, BENESANERTHERE, XA ES KAERE
BEIE LIRSS, IR T KRS 5 I 2 R P R A, BT F BBk 200V, EFHES T2 3ns, kR E
H2 0.1-5 MHz. MNARELE 200-600°C. i1 1H 6 MR RNEE, £/ 7 300 NANE Ni 4
JZ, AT T 2000 RSEE . ATULINE] B EOR TN ThER R DA, WK 4.2.21 FiR.

Copper Alumina
Ceramic .
|Substrate Nickel
Kl 4.2.19: BEC A # T FH Cu/ALO3/Ni #4F .
Electrical Line
»
DC > Pulse R .
Power Supply l Generator eactor
&, Calorimeter 3 ’@
v 4
Temperature Sensor’ Water 'Lme J

5
Termination |
» Circuit “@

K 4.2.20: BEC A FTHIEMERGOREE, AIREZENERIIE, KR 1AERA, 6 it
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V4-517 Inputand OutputPowers
300 1.30
280 1.20
260 110
240 + 1.00
&
220 0908
2 3
} a
g 200 0.80%
¢ 3
& ® O
180 0.70 5
o
o
160 0.60
140 0.50
120 0.40
100 0.30
0 4 8 12 16 20 24 28 32
5/18/2312:20 Elapsed Time/hour
—Total Power In ~——Total Power Out CoP

K] 4.2.21: BEC A REMGE R, BIPER#E2mbmALL (B COP), HEMKM N 90215V, ik
WEE E A 279 kHz.

4.3. EE!EW (Cu55Ni44Mn1) ﬁ

BRFIIF. Celanigk 4l B4 22 -Ho(D2) R GUE AT 7T, Hsni s B 45 A sy 4 30 R 4.3
M43 2078, fE—Hl9eihdr, B2 H42 802 mm, K158cm, H0.45g, 42750, i LAFIRES
800°C, HIANINEAEIL170W, EITEE Gl AN R BEHR . AUGHREEEDTF: (1D
ICCF23 ik i LR B #y,  ICCF24H ELRBUR Y, IXIREEMTTH (230V, 50Hz) Eid )
R PR S A3 B P S B IR AR TR B R, kSl 15 2 B A b B DE Bk S
15 FH B R PES0%, B INAC R B MR F180-85%, A NiE#H23 W (LS W/g) 5 (2)
— FB R 24 BRI E WK Cu-Ni-Fety (WSS PEMRL) Ca-Sr-Ba (RIH RS KL DAL — Se il
PIPURE AN R T A EE . SRR A B R AR, EREERN, MNBARE. g
WAAKBN FHIALTO W, H#SS Wy (3) FEEAURTIR K (B SR S AU IRRF24-96 h) A FI T3
. (4 EESHT, THE (ns500°CLL L) HFRI TR, EEJONET R MRS T
T S PE REE [A40, S.4.3) . Celanifi3e B 44, MM EHES B RBOSEES], TIR AN EH A
HE Sk, hREHEEBORZIAIL, ARSI, XEHRE T 2R RGN ERE.

25



COIL DIMENSIONS: I= 15 cm, 26 TURNS
WIRE: ©= 200 um, |= 158 om, R= 20.70 0. ELECTRICAL INSULATING SHEATH

L= 2,526 pH at 10 kHz with Fe FIBER GLASS / QUARTZ 7ALUMINA
INTERNAL COAXIAL COUNTER - ELECTRODE ( SS CHASSIS
FIBER GLASS { QUARTZ - ALUMINA SHEATH @ 3.5 mm "
FILLED TO SATURATICN VOLUME BOROSILICATE GLASS
WITH NANOMETER POWDERS O 34 - 40 mm
BY LWF MATERIALS

Al REFLECTINGFOIL80pm |
Al PLATE (0,3u40x40)cm () |, ONE SIDE BLACKNED
ONE SIDE BLACKNED | \
DISTANCE FROM REACTOR
GLASS 15 cm \

Al REFLECTING FOIL 80 ym
THERMAL INSULATING CARPET
Al REFLECTING FOIL 30 pm ,$S COVERED, @=1,6 mm
| K TYPE THERMOCOUPLE

"Fe TUBE ©« 7 mm
INTERNAL COAXIAL
COUNTER - ELECTRODE

LECTRICAL INSULATING SHEATH
FIBER QUARTZ - ALUMINA

Al REFLECTING FOIL 80 pm
IONE SIDE BLACKNED

Al REFLECTING*FOL 80 ym

THERMAL INSULATING CARPET

(AEROPAN Ca)

Al PLATE (0,3x40x40) cm (**)
55 COVERED, 0= 1,5 mm JhaooI0E BLACKNED

K TYPE THERMOCOUPLE

K4.3.1: Celaniff RN EFE AR E K, FROLIEE ML, a8 2BEF 3.2 mm Bl RERR T FA B A

Kl4.3.2: CelaniffISL0ke B, B G EATEDIEIRIE R A .

I K E K & ) Dimiter Alexandrov4k 2R B 22 T KRG IWEFL [A33, S2.4) . SLIOHEHE
WF 433N, RS EERE L, FDRISRIN SR SRS R AT R T R E 2
300°CHT Z A SRR ML, T FHEEI400°C LA A=A B B (L TNE4.3.4. 5) o 7£670°C
MHECOPH A3 24 (W FE4.3.6) o MHAEZHPHe " Bk (W TFEA4.3.7) o 1EF SRR
BE, TARIRZ650-1200°CH, COP =3.9-16, RPN RIAIIA24H o ASLKIEA Frafl, SR
DB AR ECAECHRE R 2 T F )2 i T ER R AT (RGAD , JlUE A FRRARAC, ARl 250k
3PEMAAE N Hel 5 B — B IEHE, TR B84SR A WA He th /5 BH0IE, WS AR
FalE A, X R -TURR G AL R N A R
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Flow of D;
(99.995% purity)

Plasma
source
B

>
Voltage supply for the

RGA plasma q»u‘nr anode Pyrometer/Optical
i / Spectrometer
Main
chamber — — Constantan
\ \l/ specimen
RGA 4
probe >
: " /
oms " —— o
chamber § supply
Valve- Sample
jl Pressure holder
regulator heater
1o turbo pump of
the RGA chamber —I
Thermo-
couple
10 turbo pump
of the main chamber

4.3.3: Alexandrov T FH IS5 R 45,

Nitrogen Gas

Kl 43.4: fBERFBEH-AARG, AERERE-TUIRS. ADGERENERE, RSILGIE R 2
300°C CEEH 22 405°C) I 78 N B EL B A S #R B IR CRUR SR 45 5 o B 24 [ Nt 91 4615 & o 400°C
(e 22/ 524°C) B, ZANBSUGIE R K, MARNARAREeTHRE] 420°C (B4 2228 548°C)
SRIGA BRI . UL BRIV R G A T S AR

Views of the specimen before and during anc
immediate after interaction with injected deuteriu

Before interaction

K435 EEEFBNUAETIEG: AEZZEANURH, BAERMERT T .
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Experimental outcomes at 666 — 681°C initial
temperatures of the constantan wire

Tln,w Tm,s Troa Tmax,w AT
oc | oc | oc oc oc densit
y
Wig
590 382 -

641 130.46
626 580 368 122.4

598 575 375 121.62

625 570 368 - 117.87

43.6: HiN 70 W ZE A5 I IR JE B2 COP %55,

Energy release per deuterim pulse

39000
. 34000
o~
&‘)
¥ 29000
P
-
& 24000
<
Q
& 19000

14000

1 2 3 4 S 6 7
Nuber of deuterium pulses
—@=Tin=530C w@ueTin=534C w=@weTiN=522C wiTin=540C
Ratio *He/("He, D,) per deuterium pulse

2.5 —
9 3 \?—%\“M )
; 3 w‘\
=Y o
£ 1s
=
U
=
° 1 W‘
s
[+

o
n

1 2 3 Rl 5 6 7

Number of deuterium pulses

e TiN=530C w@uuTin=534C «=@uTin=522C «=@==Tin=540C

4.3.7: F RGA 73H1H 3He/(*He+Dy) LA 5B L & o
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4.4 .Ni #54-H, R4

1% Vegatec 227 ) J.-P. Biberian 55 NfRIE 1 & T 7K A 9K RL 1 L A26, S.1.1]. Biberian
JERTE B 3858 — K5 LA, M4 ICCF24 IR AL 440 Vegatee AT, 1X & — Kl iE & Pk
FHERATE, NAZEMIBARIG 0, AT EE B0 B W S 7. 78 ICCF24 L O4RIE T Ni-
Cu GeKR NI AR, X R R VRSN

GOKMBHR WA (I 4.4 FRAEHIEAF= 1, KA BT A2 R0 4 8 AU
k¥ (Layered Double Hydroxide, LDH), A RIAKIEAN o teACFET FH I S AE L i B AR N A<
G5 SEbr oG & R AK B AR RL, AN J5 85 Ruer R

Hydrotalcites

Structure : Layered Double
Hydroxides

Basal spacing ¢

Sheets: Divalent and trivalent
metallic hydroxides

region

Interlayers: carbonate anions
and interstitial water

Bruicte-like Interlayer
sheet

IMYOH)]" * Hydrotalcite : MggAl,CO3(OH),5-4(H,0)

M! : Mg, Ni, Cu, Zn, Co, Fe, Mn,... M : Al Fe, Y, ...
Kl 4.4.1: KiEmigik [A65, P12,

JONbSE BAR 20 mm, K 90 mm HATE, LR IE 4.4.2C B, A7 AR AR HELBH 22 (Kanthal
wire) GNP IFE K RIR (LR 4.4.3 (), AME 3 DAENF LU RS (LR
4.4.4 (FE))e ZBETHAN# R MhiA ] 1000°C.

Quartz Cell 90x20 mm, heated from outside

K] 4.4.2: Biberian 25 A AT IR S A0, IR RIS ZAMNNEGE, RS 2
Wn#r [A26,S.1.1).
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l
K 4.4.3: Biberian S5 AR BGIAMESRIEKIEE () SR E RN IIIAEINE Ch) [A26,

S.1.1)

IR R B HE— N EAZ 63 mm, 150 mm BRSNS fE (L R 4.4.3 ) N, TIEE
CF67 525, HTEBARE LR E N g (LK 44.4) B, ZEMHEWZEHFRE, HNAMEZ
] ER R 50 % K BUHA A T 28, ERGHREERKBF (LT E 4.4.5) ANVHE 2SI EIFREK
N E G, THES SRR o5 LARE . =Hseib s R LK 4.4.6-9, 22 0MEH T 11-12g 19
Ni/Fe. Ni/Cu Al Ni/Bi /KA FE i, S il AT 900°C, X =2 B L #7718 160 60 F1 280
Wikg, — s, HEAGETHEGH N, FHESRE (RED PRI TRIE RS .

Cap
~_ Plastic balls
__CF83 flanges
50 | ]
- thermocouples -~ —y i _7__2
in series - j_"‘ =
~_ Reaction
Reflectors = «="1T" chamber
;—- ‘ ~ Vacuum

Kl 4.4.4: Biberian 5 A\ T 2& Il 58 &Gt K N 45 RIR = B CF) iR E () [A26,S.1.1].
(WEH X R RIRYE (Calvet) B, ZI0IEAUER, F/RYEEIGHERE I3 28 D178 B
i
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2.0
18
16
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0
-0.2
-0.4
-0.6
-0.8
-1.0
-1.2
-1.4
-1.6
-1.8
-2.0

XSH (Watts)

(11 ~—. .

W

K 4.4.5: #ESBRNER/KBH=ERGE [A26, S.1.1).

Experiment CR-108

Hydrotalcite with Ni:Fe with ratio 7/1 (10.6g)

CR-108 XSH (T)

100 150 200 ~250° 300~ ‘3'57) 400 450 500 550 600 650 700 750 800 850
Temperature (°C)

CR-108 Powder vacuumup (blank)

CR-108A Powder + H2 up

CR-108B Powder + Vacuum down

CR-108C Powder + H2 up

CR-108D Powder + Vacuum down

XSH of about 16 Watts for
100g

K] 4.4.6: 10.6 g 1) Ni:Fe = 7:1 F/KIEAFE SRR S P ABEIRE 1280 . 20 Sk 2 F0 25 8 1 520,
WL R AR AR, R G AT FE R R, B R FIRFEA, B2 22 i i
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Experiment CR-109

Hydrotalcite with Ni:Cu with ratio 7/1 (12g) plus ThO, (3g)

1.0

i CR-109 XSH (T)
0.8

0.7

0.6

0.5 AR}
" LS

0.4
0.3

- 0.2 3
£ 01 ¥
2 0.0 e - i S
I 510 50 100 150 200 250 700 750 3e0"* kso
o 0.2 Temperature (°C L Vi
03 CR-109 Powder vacuumup (blank)
— v CR-109A Powder + H2 up
0.4 CR-109B Powder + Vacuum down
-0.5 ———— CR-109C Powder + H2up
.06 = === CR-109D Powder + Vacuum down
oy JEEEE CR-109E Powder + D2 up
T e - CR-109F Powder + Vacuum down
0.8 _ _ _ _ CR-109G Powder + H2 up
ol N e e i A XSH of about 6 Watts for 100g
-1.0

-

K 4.4.7: 12 g (0 Ni:Cu = 7:1 KK FE M EAGERE AR, LR ATE ALK, HL2EREA
ERE A, HAMAR DR 78 R B S R R A

CR-118

Hydrotalcite with Ni:Bi with ratio 7/1 (11g)

3.0

CR-118 XSH (T)

2.5

2.0

15

1.0

0.5

0.0

XSH (Watts)

=)
w
3
3
°
®
2
o
s
4
3
"
-
a

CR-118A Powder + H2 up
CR-118B Powder +Vacuum down

-1.0 CR-118C Powder + H2up
= = = = CR-118D Powder +Vacuum down
1.5 = wm = = . CR-118E Powder + H2up

_____ CR-118F Powder + Vacuum down
== == = = CR-118G Powder +H2 up
-2.0 CR-118H Powder vacuum down
CR-118I Powder + air up

&5 ey or e XSH of about 28 Watts for 100g
CR-118L Powder vacuum down
-3.0 CR-118M Powder vacuum down

Kl 4.4.8: 11 g Ni:Bi=7:1 /KA EAGERE R LRI ALK, HAkik2ns
A A I FE A R
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100nm xl‘O0,000 CINaM 7/19/2023

Sum

Kl 4.4.10: CR-118 SEZIGAT FFESHEOR G H SEM o Fr H s g ficks (42, AT MAZIER Sum), KIE
FRNI, BF ALMC CHERD. FAMN ST ERLZ Bio

- CR-119 XSH (T)
2.0
15
1.0
= 05
£ .
2 oo S— <t
z 0 100 o0 Iz 0 ——~"G00 80, _“A1100
*::08 — Temperataret€) QX
-10
-5
CR-119  ZrO2 vide down (blank)
2.0 CR-119A 202 H2 up (blank)
CR-1198B ZrO2 vide down (blank)
s GR-119C 2102 H2 up (blank)

== == (R-1190 ZrO2 H2 down (blank)

K 4.4.11: EAFHAREEI CR-119, RAFH ZrOo, FIEA, ZHIHNAEF0.5 W N TLHEH

HRERSLGEH FE 442 CF) Froafesi G E, armoN 130 g ByoR, {8 H s &N
BRI R IN#AE] 1000°C. HET HA/DEIEL R, HREATEL 900°C FiEF 2 W,
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B
s

Biberian 55 E 4501 (1) Ni-Fe. Ni-Cu 1 Ni-Bi 499K /K g AR MEES AP &4
(2) HKEMHEIAE Ni-Bi MK, HIREE N 280 Wikg; (3) WA FHE M IMERI T #UR
(4) FhE S P SR A F TR Ok

1%l Sart von Rohr AF] GXAF TS TERT) ] Jacques Ruer 5 J.-P. Biberian %5 6 ™

AL B, BH9C T il T AR &Sk A AR HHZETA65, P12]). A TAEW#4E Biberian
ZERIANTE, ADMINOKIEAHIERL TR IR (T 4.4.12), RIGERERSIE AR AbA 1
BT RTINS S, AR (S i, TR A, RSN TR B IR 4 Fr
[t 100 V FLE I &k R P (I B2 B WLIE 4.4.13, MR ILE] 4.4.14),

Preparation of hydrotalcites (ex: Nis,Cu , ,5A1,(0H),,CO, - 4H,0)

= * Wet route synthesis
e &C“(“) e Al  Clean & Quantitative
nitrate solution . . - . .
\[ * Fine tuning of metal composition (almost infinite)
ad

Self organized
lamellar precipitates

Magnetic stirring

K 4.4.12: KA HIELFRE .

Measurement setup

Copper electrode
6x16mm

s\ 11
- - [

Copper nacelle { Powder Ni-Cr wire Cold end
Voltage supply electrical

/\

|
/ \ \\ HEATER
Stainless steel tube Thermocouple
dia 25mm type K

* The nacelle is loaded with virgin green powder. Dehydration
and reduction are performed in situ

* Powder in contact with copper only: Cu nacelle & Cu electrode

* Continuous flow of hydrogen

* No electrical insulators in the hot zone

K 4.4.13: DIEKHE A FADEHE il S0 JFU R b B B AR A T 7

Thermocouple sheath
Stainless steel
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Electrical circuit

NacelleJ Ltou‘rdi/ \7Electrode |
NE=Z

| V data logger |
DCvoltage /__ R load |
(:j source ( : i

The DC source is isolated from ground
The return current is monitored
Voltage : 100V DC (except when resistance is low)

B 4.4.14: R A RHE el 00 SR R b i B AR T T 0 LB A

7

-

SRR R R RS AL R & 4.2.15 s, SR HIEZRIE 4.2.16 Fis.

Typical temperature history

Temperature history

g

~
=
=4

)

ol \

5

g

g g
[—

Temperature above ambient (°C)

O DN ONON T r OV NDN OO T rODNDCNORTI -~ OVANNONONT - ODNDO DO

Time (minutes)

* One cycle lasts about 24h
» Heating and cooling under hydrogen

K 4.2.15: SO EZE R L.

'1TEFANI
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Typical result — resistivity as a function of the
temperature

Resistivity vs Temperature

1,0E405 — e S SsEmIe ¢ o8 04 0 @

. D e
gu— 4 ® - ces o om = ° “ e
L o ®ws

= B oy 3 " s . o
E 10504 _._‘.A....i___..-’..-u
Q .
E [
£ ;
%mhm !-
H

= $
- H
:E‘UJE*'W s .:' ® Heating * Cooling
= fo .
2 “ 5
» u
@ 1,0E+01
I i+

1,0E+00

0 100 200 300 400 500 600 700 800

Temperature (°C)

* Values above 10* MQ.cm are prone to large errors and are not meaningful

* The resistivity starts to drop above a given temperature that depends on the
type of powder

K 4.2.16: fETHE (FRt) MR GEED TR R HE L.

SAARERTRE O, WHE RN RE, FERTE 4417, E5EFEAR T Ni-Cw/ALOs 49K
WA, LT 4.4.18. 7] UL Biberian §1 A AT R SZSAF H AN BT 19 Cu-Ni/ZrO, ¥3 K .

Views of the powder — nacelle - electrode

[ 4.4.17: JRELAFH S UB AR R AL
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Heating in a flux of hydrogen 300°C-700°C:
Reduction of the oxides

NiOs 55Cu0 75A1,0; Nis ,sCug 75A1,05 (70% Ni/Cu on Al,0,)

Brown powder > Black Powder
non magnetic Ni*Cu2*

Magnetic (Ni°Cu®)

Nanosized NiCu particles supported on an
amorphous matrix of alumina

cf: He et al, 2012; doi.org/10.1002/anie.201201737

Hydrotalcite is a simple method

0 . for the production of NiCu s
:NiO, Cu0 “Ni
00 nanoalloys iggg % : Ni/Cu metal nanocrystal

200
100

1000

500

0

100 0 20 40 60 80 100

K 4.4.18: MKIEATFUEAE 1 NiCw/ALOs 44 KA1 %l

FEELWT: (D MARBHERRE, FBIHE 100K 7] [EEK—ME%, (2) MgO HEKE AR
BAE R, (3 HHRREMBRME TR, ERMERSAR.

5. HEE- A A B

5.1. LEC

LHEEE NG ICCF24 I 8 Uit LEC W FERIZIE AR N 7, DL D3 AE O A b ) 6
s 052 S 5 A TN FE RSN, AR BLHT E. Storms HLAlIE T AH KA R - Storms H] Szpak
PR i) 7595 A S0 Pd, SRJG TN Do iR, H Pt A VRS S B 7, B0 R IET 5.1.1 o
ZAREEERAAOIEN, SRR BTSN R AT 0.1 MQAEEFHIE . T 5.1.2 P
AN EE T A S R, TR RBLENTRTh R, S RE SRR Big B R
A TR R AAE I AR N 74 7] DA A i, TR U TC TR A IR L P AR AR P e A . s, A2
JRNEF A R B T MRS TR TR B AT A L, (LIRSS 350°C A EA R A HITE L. 1E 350°C
LIR, AT ER A% RN R 25 53

i 5.1.1. Storms ] LEC f& F.
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1x 10-8 g et p—t—t—t —t—t 012
1| -— EXCESS POWER, w| I T
]| —%—CURRENT, A | /l 10
8 x 10-9 Temperature-hetd _,—i’""' & 1
for-410-min-at P 10.08
4+ each value. {/ 1
LT 2 / To.06 T
< 6x10 7 / a
[ 4 a’ / I »
é e £ {0.04 &
v -+
4 1 o
35 9 //’ / [
O 4x10 ,‘; /uv 0.02 50
I .7/ / / 1 »
..-?4 Vi 5 T 0
2x10° |- ® ) -4 1
U //( T 0.02
e e/ 4
0 -ii/ et T 0.04

0.0 100.0 200.0 300.0 400.0 500.0
TEMPERATURE, °C (12/2822)PdCI2+D2

Bl 5.1.2. Dy S INASLITAR Pd B, B D)ZEAN LEC HLIA AR BE 784 . LT R SR ARAE R 4R A
REFAE 0V, HEkFoR RN . Jeill RT3 a M . R RS IR, (HRRA
FERE AR AL

FEP AR AN A (LTI 5.1.3), £E-100 & 0 V GRS, TR B RS2 B i R
KR, RS 7 H IR 2 B R ek D i T B (USRS R, BT LR A I SO . Y HUR AR
FRICAIER, HMEASETSRRT B FREREN, B PBIREURS R, B L E b 38 0 ek
Ao GAERKRPRKZHETFREIT 100eV, KR TEAMERm BT EZRE, FrlERIE
TREA—EEETAGNRER. X PRPFBTATRERBESNTE RN . RYEEIIRA 2
RN 3.9 x 10188, TRk TFHON 6.2 x 101/F>, dnSixsb 7l RS E, SREHMS
MR, REBETEZAZ,

0.16 1.2 107
T BN A 1107
042 Bemsmaaa N N ]
o 0.1 I 3 a
=
g T \ gy =z
& 0.08 3 610° =
4 = | =
S i o “—l
0.04 .\ =
| RS, | WENCTUP R W —————— | \_ 210°
0.02 |3 E i . SRS SN |
J| —e— EXCESS POWER.W | | -&— CURRENT, A [T 0
0 ey = e el -
-100 -50

0 50 100
APPLIED VOLT (12117/22)PdCI2-A, P, ¥
(potential relatve to electron emitter)

K 5.1.3.298°C T A S A5 4 FELMM 2 1) R s A8 (IS P 1 L IRDATER 4y, PR AR RARDR T A S A 2
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0.015 ! ! ! =

__I
20V

30\!"\

40 V\\

60 V

RADIATION

-
70V —
T—

B0 V-

0.005 I i i
0 50 100 150 200 250
TIME, min (12M722)ap V-Rad

K 5.1.4: 55— ANEBOBLE, R0 E R B 4H 2] Pd B ERAT N, MEER] 100 VR
RAHMESTE 200 min WiZHTEIE 3] 30 V A4, ALFHH] B mfe st 7 R,

[ Inovl A F ) Frank Gordon i Harper Whitehouse %5 7 LEC WF7 B AHEE [A107,
S13.2): — & FHVRAA . St El [ 2 A o AR AU FRUR T, BG5BT R AR T R AR
24l Pd-H FUROREG BT, BoRE KRR, AR PR B TR E . SR WT
Kl 5.1.5 fian, fESEBRBTA 100 Q, RELY 20°C BIE(ET)#N 0.478 mW (> 100 pW/em?), b
ICCF 24 #RIER)ThZIGIM T 2-3 ANEH . AR REZ AT, REmIIEGHIEFEE: (D
SIS R HIERC s (2) BEINAARIE 71; (3) $Em TARIEE, LEC BT 0°C s T
100°C (i FESE I P EAT 7l (4D Ve ME R AR, WL oE By 14 re A R I A i ) 1
m?, Pk HIE g 4 MEg. tbAh, MATEAR AR (1) LEC 29 #kah3E, £HR
P AR R (ICCF24 _FAhAT TR KR Di Stefano tH15 H 2R MIZE); (2) £S5 FE AL E
SR FURE ISR E T 2%, TR B R E SR AR R A B TRAE LEC Dh&ft s (3) b
BT HAM LEC %l T LR R MRt . 458, BN A 6, FEIRATA.
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ZFM23ii16 LEC test results
Current (A) and Power (W) vs Load (kQ)
Active area approximately 4 cm?

1.00E-02
1.00E-03
1.00E-04
1.00E-05
1.00E-06
1.00E-07

1.00E-08
0.01 0.1 1 10 100 1000 10000

—8—Load CurA —@—Pwrw
5.1.5: Inovl 2 A& LEC MKZE R .

PELRKIR IR E KA E S | LEC Sgngi R [A64, P11), flifTHIA) LEC SEYAN R 4 T 18]
5.1.6 s, FIRIZEALT Di Stefano 17595, WAMEREKE, [HE 0.5-1 mm, WESMEBFEEL. B,
HFERVY R A RL . A RE A UAEE . EELRWT: (1D ST AFERKIE— R
WL RIS, AR RGP B A AN B R KIS 025 V(LRI 5.1.7)5 (2) RiFfIER
e s (3) 78 RV -0 LR BR- SR 0 T U 21 i I AR VRO e s (4D SERR By HLK
(5) i T s R B AE S -

Voltmeter KEITHLEY 2700 .

Air, hydrogen and
deuteriuiminlet

Resistance 1M Q.

Reaction vessel .

Inner and Outer titanium tubes

K 5.1.6: 5KMIFTHIA LEC s CF) FfHEEE ().
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BEEK. =8, BE . LECmV

Electroplated iron, air, temperature, LEC mV

250
200
150
100

50

0

ELLERETEREEER

2330

g8

2/23
3110
320

ARERSERES

4410

R 8§ S8R K2R =]
P EEEER IS HERER B

7140
pr

SRERREEE

8440

921]

QR‘Z
gaa

330

-50

e V_LECMV e T_gas C

K517 SRE RSP RIS GELD MR (BE4) B MAeML, SK2) 2.5,

5.2. M RZLE

®] F FIf) George Egely [A99, S.11.2] A1 Sebastian Domoszlai [A100, S.11.31 733l /47 7 4L
R TR &7, A — I

AT AL SRS (catalytic fusion, https //www.catalyticfusion.com/) FI JLAF Y23 AF (dust
fusion). 1913 4, KILHLTH) J.J. Thomson HifE L HRIA R T He A1 Ne [Nature 90 (2259)
6451, 1 J.N. Collie thT 1914 FE4RIEET - R G U I 2 4 1% He A1 Ne [Proc. R. Soc. Lond. A 91,
30). CEREWI LA A 15 NSRRI RO RIREAS . Egely A T HARLR, HiFA
eI ks F AR AR T 2 BRI IR R A2, RN AT DL Bk SR AR, AT DU A
REKZES . 1EEANER T Kenneth Radford Shoulder fT /] EVO (Exotic Vacuum Objects, &5+
B BHAD BT FEE R % B AR TR H] (condensed plasmoids) 45 51 % 5 FLfif (175, 15 B i 28
HEF 71, SFBURTEHRTARRY T, b rdt— 0 RAER R

Egely FTH B ZE B W N 5.2.1 foR, 02— AN KA HE, EZ ST 0.3-0.6 bar [
Sk, HARGEEH, USEMRMAHMAAE, BRI CEREND nfiETy, B 521 () BH
BRAFE AR B8 o SO 2 S SRR AR . 55 TH. Moray F S, Pb. Cu Al Al &4, %éﬁiﬂ*ﬁﬁﬁﬁ
b, Bk, AE, FINRGESAEGIERS . BONFA RS, Bgely R ALEHMR. 7E& iK%
LN N 7w Sy S 3 D R i s IS B S e s A D
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Kl5.2.1: () Egely FrAIRA A E; (h) R, CF) HEKE.
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AL SR AR (1) LS 1 Bl =N AR BN R LG =17 AA . — NIRRT A AL 2 B
TRk i, HRIERE ST AR R, e 2R (PSSR0 . R F R R T,
2 ikt H, R s A ) o R S R AR TR, TSR T IR FEUR I BT 46 e - ORI AR (L]
522 (CF))o WAE R KA 2%, BRI T 1 ps, WEMEHEIE 12 kV. BFOAZEERE], Ak T
—FpaI AT R, R R 5.2.2 iR, HEH Rin M1 Ricad (Rin >> Rioass LK 5.2.1) 4%
ST — AN 0] DU I R ) 7e i s, Je G RRAE A RO 264 IR DR 5 E R R,
SERR TAER AT I8 Rioad W FE RAFTEOH S HE AATh 2, RN HE IS S R AR B = 44, B LARIE COP
~ 1 B4 T AT AE [A100, S.11.3]1.

Setup

Oscillating
between
Uy and U,

DISCHARGING

U,: breakdown (discharge) voltage
U,: lowest voltage

1us 250.00MSa/s 4Kpt

= [
T L I e e W 2 B AR N R A SRELEEN BLELELEL.  LELELN ELELIR AL RN (RN BRI AL BLEL LA BRI LR B

|

| |

|

[

Kl 5.2.2: KAGT AR E . EEIR A AR N BRI, T AR E AT T R SERR
JECHE IR T ) R R P I TR RUBEAE ns 2K
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P T AR K AR O S TR AE P Uk (LN L 5.2.3), g (48D &0 T (4D
R A BTV BRI, KA Ho(Do) I AR EF, COP = 2.5-3, AT .
LT /K TSRO SR SEBLZ N, B KA 9 B T BLA o

Our device: intermittent, spark-based reactor

=
Fuel: HYDROGEN

- i Rielax DISCHARGE VACUUM  GENERATOR
dry dfy TUBE PUMP -:I
hydrogen | deuterium e ) = ] 2
1 1
wet wet Ups S 4- 1.1
hydrogen | deuterium 1-2kvDC F Upe
Rioaa 2-4VDC
wet air
[

K 5.2.3: KL

SIMFR S FBL 2B BRI A TR (LRI 5.2.4 Fros AR, "Rl I’ 5.2.5 B
N2 BRI R A P A -

UNWANTED SIDE EFFECT: TRANSMUTATION

Carbon deposit appeared on the surface of the cathode
if the discharge current exceeded a threshold value

Kl 5.2.4: HRHE BER7E L Z0 BTBRUTIRY), IR 6 2 BRI A

44



TRANSMUTATION OF HYDROGEN INTO BORON AND CARBON

The Raman spectroscopy test results of Cambridge University on a
cathode: boron carbide.

Traces of carbon were shown at ICCF-24.

The most likely fusion steps are as follows (note the abundance of
neutrons!):

pte—-n p+n-d} dij+n-t} di+p-oHes

ti+p-oHe: He3 + He3 - Be? Be3 +di - B3
B3 +n—- B3, B3, + n— B3,
Bond G B, +p—>¢€S etc

10 T @2 12 11 TPC12 .

K 5.2.5: BAEME T IFIRA K B AT C IRZILRE

Egely ¥ MFERIE N TAEZ 4, 2013 4EFFURTE Infinite Energy 24 & [k R+ Uk CEAN LR
BAR, HAEEA LRI, A sEIe g . 7E 2016 £E ICCF20 _F, fliA4HKI5E UaSOs Kk 5
WKL FIRA, TERLDE T NGRS BRI, BRUR ISR TAE. IIER KM TAEtE T LENR,
EARAkESTE . VR R Bl D R AT MW/mm?, 42 ns Flus, IERE 1£0.5kW, LR
10 kW/kg, AdTH S N 25 F FEL % 3% A7 2 100 USD/KW o

6. %A, %)

6.1. & FAZARIE

FLAE 1990 4, HAHIRA A 5 B kv B 2004 AR A AR SR T 7 AR B R AR AR I, IR SeA2 E R I
LS, HZERIXBGE R Z B, EARRSW L, A=A E T T AR,

58 2T 243 Alexey Ivanchuk 118 Tk {£ %€ LENR &l [AS2, S.7.3). i LENR %
L AR AR AR S P, TERE IR % 30 om ImALIE P EBRFE . HURLRI FL At [ R SR T e AR AR . A
F 2 DVD ME RIS, 7655 —ANszgeht, DVD JTE 30 NMEIHRE kAL ZE (I TFE6.1.1) Sem
Tht, REF—J. 45545 DVD KR 7 MUNEE SRR (R 6.1.2), TR DVD ETe4
. AR, WhMENKAETRE, KRG DVD KIME )5, W DVD M HEE,
F MBI N KA AT DU A 28U B e 2 (LRI 6.1.3). fE#fliit DVD 12528 & LENR
FEAE ARSI HES S BRI T P2 A2 1K, J1 K/ 0.01 N &2 (BRI g 190D,
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K 6.1.1: Ivanchuk FTHFRIH KL% (/) F1DVD (£5).

N1 BRI — N5, £ DVD B3R (WA 6.1.4). XL MH K DVD 7E
200 NMEIHKACIE FIRE T —NEM, KI T KRER AT LTE 6.1.5), H—RKEEREKE
BRBEAE DVD Lg%k, 28 M RERREE — B IRR 73 SO IR 51 . B8 =R B, ik L=k,
RIBAAEL . RIETARZ) 5 YR T 30%.
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Kl 6.1.5: TEAS T KAEFEFTIT ) DVD St b I = Fh & PAm S 42528

TEZE AR, BT DVD SRR R SN 0 i EER E RN 7. KA
BLETT it 07 ERN. E5 FRASIRBHEAHSE G (LR 6.1.6). KEINLEHE 3 NN,
SR G IBER AR RATIE . AEX RS, B RSN EITFHFE LR DVD BB 1R,
At DVD L& (WL FE 6.1.7). & —FhR A 0K A Fon k72 [/ 5 38, £ DVD LB T
YK IR R IR 28

DVDs were placed above a running car engine, above a car
electric generator, above a battery, inside a car, under a car:
near the resonator and right after the exhaust pipe. The engine
was idling for three hours.
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Kl 6.1.6: RERBINAIHESE 4 DVD L7,

7E ICCF25 435 ) google CMNS 3% |, Alan Smith 61X & B IE & 5812  (true kitchen table
science), HARFIARIRA F5e, HEDZIEGIFITWH . Jed Rothwell i CD #:22{LLF CR-39. E.
Storms A\ NIXLEFFRFIE L5 /& Shoulders $2 H ] EVO.

REARAZIESIR SR —ARAE, 2000 SE AR B L1, Urutskoev 55 NptikiE 1 Ti fy RIS
FEH AR A a2 [985ChRL: LI Urutskoev, V.I. Liksonov 2000, Ann. Fond. Louis de Broglie, 27,
7011, FAEE E i Satbayev K24 Vladislav Zhigalov 5% ##) Alexander Parkhomov j& 45 2E Bl 4%
IR EA B2 KPR R B Ni-H Bias. BE. AT Boss
WAL LM (LB 6.1.7). Frate R HIEM BRI — 22 AMER), (HEASG MR 25
¥ FHE RIS R I CRBEIANZ) 1 em?)s BRMNE/NT 20 em;  TERARZE IR (]85 FEAR K,
FEE AT, KELETE [A105, S.12.4]

& Examples of tracks

B : & (2 7
Shishkin, 2012 Shakhparonov, 2006
...and many others: see refs in [Zhigalov 2021] 4

K 6.1.7: LENR 256 A= i) 5 Fp 21 74228 [LA105, S.12.41.

AT 300 W (320 V) ML RN R 6.1.8) AEAEEF (IFE 6.1.9), HEHK
WAL, 87 HOGRBHEAR R E, R REEMREE (7 cm) 13 56874 7 3L 380 mm K
BRI, HUGRAT EJ7H 1 S A T 4t 50 mm KRS (BEES 12 em), At 5 5K 677 A 1R
b (IR E 6.1.100.
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EiTanHSE 770 ey
—— 2EaRNSK

qe 1,
KT8 m — HR

A— e
mas <{|| |+—— ax
e AT RE)

K 6.1.8: R IRBLE . BRI AT I N E AN BEGR S5 pg KA, Emi T, THERZ 5K R
ARG, WHJER S ERRE AL L, TR IER, B R, Bt RIT LT
Tl AT ERTF

. Source: incandescent lamp

9 Total Tength of tracks (mm) for disks

80 4

| s Typical exposition:
150 + { 1

100

S - =

Dkl Dik2 Disk3 Dzke Disk§ Dizké o7

Only Disk 3 gains large number of tracks
. Disk2 Disk 1
’ 14 em ‘ i
< L
]

A.Parkhomov’s reactor: 12 cm
« 300W Iamp°is placed in quartz tube | - -
* Voltage 320V |
* Cooled by circulating water Disk 3 ! Mol
(7 em from W spiral) | e Disk §

Air cooler

2fem

Water tank Disk 4

+ Disks 6, 7 - control samples in exhaust hood

Kl 6.1.9: Zhigalov 5 Parkhomov S4B R & () KA Cf ) &5 58 (2 FOIA105, S.12.4]1,
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Statistics is gained:
46 disks in 9 exposition

1000
900
800

Average total track length (mm)

700
600
500

400
300
200

100
]

<20cm >20cm

Near zone Far zone

K] 6.1.10: Zhigalov 5 Parkhomov 3t 46 4~ DVD (1] 9 IREEFSLEGH, 4K 2 50E B BAE /T 20
em BEESN . KT 20 om JG ARIEK D T AN E .

Examples of tracks

Total length 15315 mm tracks in this disk
6.1.11: Zhigalov 5 Parkhomov 32367 —F DVD Ef4EZE, —MEAEZK 10 mm £2%.

& Periodical track and its details

SEM

Optical microscope

Each periodical track have unique pattern.
But within each track periods are identical.

B 6.1.12: ARHDEE IR AT SEM. BRI A IR AR, fE— SRR A, AR R
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AFM images

1,0

0,53

—

These pictures are given ."5; i
from different periods !

K] 6.1.13: Zhigalov 55 Parkhomov 5256+ DVD 4275 (1) AFM, 1] WIRFEZ) 1 k.

é 1500
] \ continuation of the track
g track start
500
.
o 500 1000 1500 2000 o
um
1500
1000 track ending
g
500
g P e
o 500 1000 1500 2000
um

Where is the start and where is the end?
Is the period the same on all the track length (5 mm)?

K] 6.1.14: Zhigalov 55 Parkhomov 5256 HARE I 52 a1, KA 5 mm.

AN
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a-b-c-d:
movement from
bottom to top
along the track

Period is
changing:
199 -> 189 um

Period is decreasing
from start to end

The rolling particle
is deforming
(destroying)

K 6.1.15: Zhigalov 5 Parkhomov k4 DVD EARZE AT AGK, JEisE, MM 199 um £ 189
umo fER—HIH, FHIAH 50-65 um. SIS, FMATE 20-200 um 2 84814k, BN 7-70 pm.

Smooth tracks (>90% on DVDs)

SEM

K 6.1.16: Zhigalov 5 Parkhomov SE58H1 DVD _E>90% 42328 2 6 1) -
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Smooth tracks (AFM)

Smooth furrows, often going in parallel:

0,25

¥ (]

Kl 6.1.17: Zhigalov 5 Parkhomov SZ56H DVD AR 2 AVAR, IREFIEELE 0.2-0.3 um Z [A],
TR BARN 6.5-8 um, BEAMRLT LRI 0.5 mN, 1 8 WK EAZR RSN 7 HE R A 20 pN. 1k
TR A R RS L 2.5 Wl Bediulidl, X R FHE 1500 Ko

VRS A B IV AR 2 L+ oK BARROR TAER IR E R, TG ARIE 2 J LAMOK BAR
KPR, INAREIRIRIRRE & (£ 300°C) PL ETERUN . AT TAEC KK, #5: VA.
Zhigalov. Strange radiation and LENR: what's the relation? RENSIT, 2021, 13(3):329-348. DOI:
10.17725/rensit.2021.13.329; Zhigalov V.A et al. Investigation of strange radiation tracks near incandescent
lamps and electrolytic cell. RENSIT 2023 15(1) 95-105¢ DOI: 10.17725/rensit.2023.095.
http://en.rensit.ru/vypuski/article/482/15(1)95-105¢.pdf-

HLE DT IS 2 4 &0 H (MFMP) [ Robert William Greenyer iX VX 25 F 40 JE I JE A (Fractal
Toroidal Moment, FTM) HLig Kf# B LENR 3256 [A109,S.13.4). AR W R 6.1.18 Fiw,
[ & FE T R 6.1.18 (2D FionMIRERE , MTERER & RE BT (LA 6.1.18 (£5)), HIEHE
SEAFOT T AR R RN DU AR 2507 5 1. BRI TEEE & MO IFE R S 5. Greenyer AN FTM & —
TSR R ARG, RN EIRIEEE 45K, FTM AU S F0A 5438, W2 BRIE A B A EVO IR,
HAKAA & H] (Takaaki Matsumoto, W Tl 6.1.19) 5T 1993 4ERIM F 4275 & FTM FrEi.
FTM & 35 [H %5 5 A4 7 2% 58 Winston H. Bostick T 1950 £EARHE H 0% 2 T (Plasmoids) &
MR, S5 TAR B —Fh IR TR RETAR 251 o
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Magnetic moment Toroidal moment

K 6.1.19: faAmt] () S TAHEEFEREM, X2 Greenyer (£ ) HIMA—FHEH, WAT
FE R B AR A W] LI B AR o AAASTR Y 1 NS, (EELI K (R R AN 37 AR T

6.2. %

TR A A AR — B R OCTE, AR E L ACRIRG B S I (A G S #R A R A
KT R 22 F Bl 7 — ANE B SR, BHGR R E X LA E, Mk s
(R AR AL 9 T 52 A R SEBR AR, Aty R B iR R X R 3He/*He MU
i 1 x LR 55 bk P A% TS R PR & 2R LENR A28 [A29, S.141.

WA o U B 1K %% Gennady Tarassenko 55 A\ 4422 H 3 i /4 SRR IR 70 [AS9, A67). #F
PEHIRM ICCF20 HIGRR WA E, H—EABERAIS SR REEMI AR RIRHEKR
PR AR R B RERE R, RN AR SR (kY B0 RS RN, 8 I & ko
AT T b o
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7. BER N

7.1 AU RS KA E I AR

KW ETTHVIE RS (USZ) THRRERNZE, LA AR Z .

A2 H 15 H, USZ EAE A | eLBRUS i & B S ME 2 (http:/www.cleanhme.eu/?p=609).
M. Kaczmarski /M40 1% &40, HFHETFREEEIR (ECR) B FIRHRMEHEA L 1mA KRR E
PEZ) 10eV MR TR —PRAR RS Be T RE AT 1 keV IBRVIG R o S A0k o 1
N 26kV. SRR A E] 1000°CHITE R N T . shAk, MREEEE RS AR VEE R TS K
WNRESY. UHV K45 mBR ECR IEZ ML 5, JFHREED RN A B TREE, v
Al EE ML R R AR T . AN AT AR BE D-D N, WA AR E 4 S LR A, ATRER BT
A A 2 ik [A68],

USZ (1] Mathieu Valat 55 NFE . — DN EHIT R AGER (thermal energies) [N R4,
WAEEEALE 1 keV, WA 1A, NS Nal+TI. S-PIPS. HPGE Fll BC408 Z: #8128, iL%E
FHIEA AN # S, 5 XRD PAS. SANS 7R RIRIE W4, I RGA 7 WS4k 74) [A66

(U BEEA R, EHMANMRMERIXE T, Krivit R ZEEA SN, Pl4],

P = BB AZ DB FE T ) W, Parol 55 N R e 17 H VAT I [RIE I & A B & 70 AT 1) 79, m Sl
£ 70-220 MeV i F R BEEAS LT 0.2%, DARIESS BvEmtE [A61, P8I

USZ ] R. Dubey {18 T EHAGEE T [EZS DD FARSLI0 A 7 W (1) 26 AL 0BT [ A45, S.5.4]).
R K. Czerski HLL, (KAERT DD — *He JR NIEAFTE DD A AR Rk T A mE s o, X b dLdR
5 A B P RE AR I T8 2 05 L T~ 1E T8 (e-et) P A 1T HE RS A 22.84 MeV T H T2k (A
7.1.D). SEEHRIH 6-20keV 1) D W& ZiDo 8, S8 H 5-125 um JE ALESE A, T 1-3 mm
JE T 2248 %8 (SSB) Ml EFETE (W R 7.1.2), FBFIH Geantd #2711 5aENE, W& L (I
TE7.13). FE7.1.4 s ANETRAERET e/p b, ML 2w, Bui2sei, Buhr
1. 2. 3 mm ZHINEEEREE, M 20+ 40 F1 10 eV #5 DD BELIRTE B ORI A HADNIRE, 247
eV PIiZ2 meV). A Nal #0 BIF 151 EM 6 FREIE S Geantd WEAHFT (W FE 7.1.5)

D-D Fusion & Threshold Resonance
(] Triton 2 28.64
b 0 28.39
& /.L = r 28.37
S S &/—>’:’ L T— ®+@ r 24.25
Bl ) <o R | ) S ———— 23.85
¢ — O~ —’6 e > 21.84
\ T Q=23.85 Me\ @ +o0 O 21.01
g m Gamma e 0 M 20.21
2%
(v I E. (MeV)

Schematic energy levels of “He.

* Presence of a 0+ threshold resonance at 23.85 MeV * The position of the 0" threshold

resonance is marked with red
dashed lines

* Decay through Internal Pair Production
* K. Czerski, et al., EPL 113, 22001 (2016)

B 7.1.1: DD %48 o' EdLiR =, B “He (9 0°& CHKIRIMTZT ) IEHF(E 23.85MeV )%, 5
RN REEARR, RAELIR [A45, S.54]).

! Geant4 (GEometry ANd Tracking, JL{TFIERES) 2 H CERN (BRI TFH 0 FFRMZERFRE N HRMAR, HT
RRADURL T LE W) I ) g i A2
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Target Holder

(ZrD2 Target

Deuteron Beam

SSB Detector

Thick ZrD 2 target that was tilted at 45° to the beam, resulting in the beam spotsize of 7x12 mm.
D2 beam: 6-20 keV, different thickness of detectors (1-3 mm)and Al absorber(5-125 um)

K 7.1.2: USZ sziG3E 8 K [A45, S.5.4]).

(b) Geant4 MC

1 mm det.
2 mm det.
3 mm det.
— I;=20eV, ¢,= 170°
- =-T,=40eV, ¢=170°
== T;=10eV, ¢= 70°
----- I';=20eV, ¢,= 110°

*eom

10 -

Electron-Proton Ratio

0,1

0,01

0 2 4 6 8 10 12 14 16 18 20 22
Deuteron Energy (keV)
Kl 7.1.4: ARTORAEERMT e/p LUlE [A45, S.54].
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le+07

‘“’K—[ B I [ ) T e T S
le+06 4 20 —= Expt@10kay 16406 — Expt@10 keV
T o, — Big — Expt_Subs
les0S / — Expt._Subs. 16405 — Geantd_Total
2 10000 5 10000
5 z
£ 1000 b~
£ 2 1000
2 -}
7 100 -
% 7 o
< 10 7t leb ;-
Bkg. after expt. .- D
1
1
0.1 0.1
o1 e ey T o pon 0y § g e 'l i : 2 . : 7
~ = ~ oL : ) : . L . A .
¢ = 3 b % A?Mm 2 W e 8 2 0 2 4 6 8 10 12 14 16 18 20
i Encrgy (MceV)

B 7.1.5: F Nal #RMBE - FalERE TR (F) &5 Geantd L& RIS (£) [A45, S.54]).

USZ 1] Gokul Das Haridas VE4I/ 41 T IR#EESAF T DD M ] Monte Carlo Geant4 4L A53,
S.7.4). ZHAFEAFEEEE SSB M ERHIEFE M RPN, W RAEREF. BEY, T3
MRS, NS REEE N 1 mm 2 mm.

SRS, o~
S A% o |
~ US| INSTITUTE OF PHYSICS l-BRUS e I'_
. . R HME
SSB Detector f§ Calibration
300 um 1000 pm
LI S S S S 3 T T TR | 204
le+06 e n0f0Il €XPU 1 le+06
— Geantd
e withfoil expt 310000
100 B
= (97.08%) (2.9%)
:5: E 7634 KeV 3443 KeV
g 0.01F——1 e ' 204pp zw%
= 0 0.2 0.4 0.6 0.8
pr=}
2 — T3 1e+06 T T T T T T “Co
-
g 52778 031MeV 5 ase
3 410000 = ..
g I 148MeV § 11732 MeV y
q 100
=1 1 1.3325 MaV
P (NI B O P B B B 3 ottt 111 —_
0 0.2 04 0.6 0.8 1 0 02 04 06 08 1 12 14 0 02 04 06 08 1 12 14 NI
Energy (MeV)
(~ 3.65 um Al degraders were used in the calibration experiments)
¥ count rates are not normalised 6 n kim0 "

Kl 7.1.6: Geant4 & AN [F]JEEE SSB #RINZH M & 204T1 F1 ©°Co KBS R. [AS3, S.7.4].

WAV E I F R 2R Agata Kowalska 55 A PAS CIEHL-FE K ) WA RIUTLAHRIEN Zr &
JEBE PR A T AR S AL, SIS ARTE TR AR 2 P, IE HE K A 2 B S
FFio HX 3°. 5 10°=Fh XRD #5if /1, RIVEGRBIER MM ERIZE5), %85 R PAS W&
FI AR B AT FTIE S . ALY B BEIR 2H(d,p)*H RN KR E T [A81]). 7E ICCF24 I, Agata
Kowalska Bt/ 4Aid PAS, 1XIKH T BAREER, 4B it Bi% 2 USZ %24

USZ 1] K. Czerski X IR IEE R T 751 N [A46, S.6.1), BEIREFE T XFhFilk

LR, (2 d + p RS BIHILE dd BN 4-6 N, 100 p + p KA EE dd BN 16
NER, HANETCEMRESRE ST R G ARG S I0 45 R .
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+HH Eskisehir K21 A. 1. Kilic % ANWFFE 7KEE T DD R 43 3¢ HR s WA T R A R R
[A47, S.6.2). Kilic Z2HIRTK, W/ Czerski W FLE. JERiNT AlL Zr A1 Ta & @ ITUZRL R

P B, 43 ST A 20 A Y B B AR 1t 5 SR FR ALl . SR, T Sr A Li B, MR
LT 20 keV I, WIF] b i@ 5E PRS2 ) B & e LB 7.1.7 #17.1.8)0 XA
FH RS AT VR T DD OB 3R, R B R R I — . RS, N
T —FhET T 3R o i) B AL, %A 8 F TR YE 1Y) “He LAk &7 B & SR 2 (Al T
BN RIS 45 B 5K 2 B R S256 5005 A1 223858 R SEFEBSARHE W& . JR1, NfERE Sr Al
Li RG0S HEE, FEAAE AN O BREILIR, ZILIREA BRI A% 45 M A8 1R B FE
SE R R INZ O LR I DT rk AT S ST A S T, I 2 PRI B K B R . IR BRI H T 4L
PROTHR I B EL M, DA SR RHE B AR DD J T A% IR S H 43 S BE AT AR 20 AT 1 e B Ol i R

0.8p

0.7
0.6}

0.5F

0.85F

0.80 1~

s s R
e 04 =
< Eoss E
03F =

0.2F =

0.1F =

of :

1.05F B

1.00 | .

o 095F =
o Z 3
" 000F =
i

0.75 EBaaalaal N TP YT PIIT PRI POUTN PIAPEY I
005 10 25 30 35 40 45 50 55 60

i AT
15 20
lab

E, inkeV
Kl 7.1.7: LEZ DD RMF(dn)M (2 S(dp) M CGELD LEAFAEARL 8 & ) 7t
B2 DD S (d,n) S S AT 5 (d,p) S Bk AE A FEEAT R T EEAE [A47, S.6.2]1.

—arge resonance widths it cont. 2 . . . . . —’uytmom‘«m“a‘um
. s 044 *+ mn
08 * ™ ] e H
St resonance wome £t cont . . St rescnInce W 22 0N, -
% 054 g 3% i ! -
£ e H
o o 2
5 £ -
3 044 g g o (3
< [+
o - 2
r 4 s
024 5 04
00 . . -
10 2 30 40 50 60 0 2 0 4‘0 50 80 0 2 30 40
E, s (keV) E, 0 eV) E ., (eV)
TABLE I. Resonance Parameters for (d,p) and (d,n) channels
I'p I'n o, Pn E,
Usual Material Tantalium 3 meV+0.3 1.3 meV+0.3 1247 + 20 1137 + 16 ==== Me'
Unusual Material Strontium 43 meV £18 18 meV+12 124" + 18 1137 £ 20 =
New UHV Exp. Zirkonium 40 meV +8 = 116 + 40 — == McV

K 7.1.8:
SIS I (a) M =T (b) RIEL(E; A B (dn) N S5 (d,p) M HE; FA KR
(d,p) S ST 53 288 T A S AR A E A0 A TR 38 0 (a) AIER =T (b) MIELfE. FEZEdn)M (dp)x
NAEH I SE [A47, S6.2].

Sr A1 Ta PIFHEEATEL T DD PIA SIS, F 70 B (don) B R G5y A T I 52 F L4
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Kilic 7l & H & JRHESL 45 /42 = LENR [1)77% [A82, P30). 1996 4 J. Pendry #& A % T
J i SR AH O LA S JRAE R EE AT B B o AR 2R T T R S AR TR R A — R, fE
FHIE XKL (W TE7.1.9) FT#5 LENR (WL FE 7.1.10).

b

(a) i) =
W
- Ja
v [
E _.
e JEEE | |“‘
JEE -i}

'R
b

Kl 7.1.9: Kilic WM& BIELELEH [A47, S.6.2]).

1E-44
0

Fig. 5: Schematic illustration of the fabrication of a PdD and ZnD structure.
E(keV)

7.1.10: Kilic it-53 22 B RE T IA 7.4 keV [A47, S.6.2]).

N. Targosz-Sleczka 15 1 USZ FHri% S Je WL B KRBT 7L BT (Josef Stefan Institute, JSI)
PINHEAERAREE IR 45 1 [A91, S.9.21, SEEFF AU RN H B #EIZ )% (direct kinematics) /%
)12 5/ %% (inverse kinematics ) BfF 70 A BE S B (LR B 7.1.11), FiI# 2 1R B SR EE SR, 41 2H(d,p)*H;
Ja A BRI R AR N, W1 2H(OF, p)OF . 45 5RAE Zr $EH, USZ KB 2H(d,p)*H K BBF il B
4100-500 eV, Tl JSI /NI 2H(F, p)®°F [ S BERRE S 7keVo. H B A HL BB B FUA% S S
IR, ZHEISE EMAL Rl (polarization screening) 1A 2 Bk (cohesion screening) & FE 54537
f&IE (static local field correction), 25 S IX PN (M BEMRE 7> A2 RAER] 111 F1 734eV. X R EARH
FE AR RIS LN ISR, BUUR PERRE M TR . SIU8 b1 bR e 2 52 B BRIE R 5
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Experimental methods @ JSI

T3]
* ®-30

normal kinematics

f 'oo.'-o"
] o-»:,:

Iinverse kinematics

studied reaction: d(lq.F,p)mF NRA for depth-profiling: d(*He,p)*He

K 7.1.11: B850 (direct kinematics) Al /% [f]iz 5% (inverse kinematics) HC#E sz NI X 51 [ A91,
S.9.2).

Hi& SCJE I ISI ) A. Cvetinovi¢ $RIE 1 Pd HHTHEF ik [A94, S.10.1). 4FhlE =2 Filkat 5
NS T Z BRI R AARE 7z B4t IELH, M2tk Z2i8me (WFE 7.1.1D),

R 7.1.1: AR EHRAFE RN BRGE [A94, S.10.1].

Target Stoichio-metry U,(keV)

?Li HB 191:.'
U 0.24 0.68 2.19
TiH 1.03 + 0.04 39+ 04 67118 62+6
Pd 0.21 4+ 0.03 33607 8019 63 +6
W (4.2 + 0.2)1072 59 +£ 0.9 74 + 15

Graphite (5.9 £ 03)1072 103 £ 04 32+4 115+ 8

N T BRFE T BRI, REIE TR AR Pd AR, — ORI OB R, TR IR R R
H(D)IAE] 70%[] H(D)/Pd; 53 —Fi& B 5LIE B, 53] 47%0 H(D)/Pd, FRREIEFIZ R N5
Fr (NRA) I H(D)/Pd. D [R5 0.629-4.297 MeV [(f) 3He i id Il & 2H(*He,p)*He M ff]
RT3, &MEEHRN D o T E 7.1.12 FiR. BARS A 2H (1F, p)*°F N BE i RE 23
93 A 18keV, BPEEALH LLFAL RS 6 £ (LT 7.1.13 FIZk 7.1.2) XX il 4@ S 411 NMR
MR, B SRR R M B, TR X (LRI 7.1.14), BB E # 0 H AU EAL
il Pd J\HIARLL b, A T OB AL b (LI 7.1.15), 1K B 12 A2 A B i 6 s 1 B IR
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100

< 90 2
g ] ~——— Thick Ti
g 801 Powder TiD
= 70 ——Thin Ti
% 60- Soft Pd
s Hard Pd
2 501
2 404
= L
2 301 [
.é 2‘)-\ L
= 104 |
- 0; T r— r T T
0 1 2 3 4 5 6 7
Depth [um]

Kl 7.1.12: ISI FRZ M0 BT (NRAD SREFAE A B E) D 7045 [A94, S.10.1).

Enhancement factor:

The PF+D reaction

3.0
2.8
261
2.4
2951
2.0 @
1.8
1.6
1.4
Wi -
1.0 * +

0.8 ] A. Cvetinovi¢ et all., Phys. Lett. B, 838 (2023), 137684

Uyg = 2.19 keV

® [Jard Pd U~18.243.3 keV
A Soft PdU,3.2£1.9 keV

Enhancement factor

02 03 04 05 06 07 08 09
E,, [MeV]

Kl 7.1.13: SR FREEAS R 2H (1F, p)*°F [N AR BERGRE, X Pd SR BRCRE N 3 keV, TMIfE Pd 5T
R AE N 18 keV [A94, S.10.1]).

R 7.1.2: LA 4 FPOAEY 12 35 R N I R RE LA [A94, S.10.1].

Li+d 0.24 4.7+1.3
"Li+p 0.24 22902
9F+p 2.19 18.7£1.5
19F+d 2:19 1825355

61



Target analysis:

Nuclear Magnetic Resonance and Knight shift

0 The Knight shift originates from the interaction of conducting electrons in metals with

nuclear spins and is proportional to the density of electronic states at the Fermi level at
the nucleus site

g

Foil —np Kpg, [ppm] Ky, [ppm] Ka, [ppm]

Soft Pd 0.70 26.7 / . =18
Hard Pd 0.47 20.2 15.6 ~z-14

Parallel orientation

Hard Pd
Soft Pd

:

Intensity [arb. u.]

Perpendicular onentation

Hard Pd
Soft Pd

K (ppm)

401

204

0 T T ~T T T T T x (H/Pd)
-40 -30 -20 -10 4] 10 20

o (o The theoretical Knight shift of H in PdHx

over the entire range of x [M. Deng et al.

Solid State Communications, 150:1262, 2016.].

Bl 7.1.14: PRSI NMR, 2Bt BAGRAEAE R, LA RBIEER. A ERZI 5LE
bR, SRl S EEN—E, N ARE [A%, S.10.1]

A. Cvetinovi€ et all., Phys. Lett. B, 838 (2023), 137684

Latest Results:

Crystal symmetry

H located at regular octahedral H trapped at grain boundaries,
interstitial sites dislocations and voids

| small screening| | large screening |

E=p

fcc (Pd)

B 7.1.15: ZE B H L\, A BRI S H e A A, Ak A A5 4k [A94,
S.10.11.
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7.2. HAb/NALR) AR

IR ERR LA T GBI T &3 250 TR [A90, S9.1). fE&EIfL
Yyrb AT (IRRE DD SRAZ B B E B iR HERA I E 1 08, Py AR AT TIE 4 R 32 ZHE4T p+7Li. d+°Li
A d+'Be HIREL VAT FE, o Li M Be F 0y 4L AT G S0ATRHIIR L . 45 ROZ Bl e B M58
o R R e TR T, S Li P B A RE B IR AR T T R, SoKIE 600 eV, 7E Be Y
N 545 £ 98 eV, ITHRBEINGE T dd REFMBERF A ROAMNRL, WEERRNFRHEEFE T
RILLILR

£ [E ) S. Forbes (Hagelstein /M) /48T MIT ARSI 3EE [A93, S.9.4). A DC-25 & Ji
SEAE Ti #EFPyEN D JERL TiD.: 2RJGH Ar Rk (W FIE 7.2.1 f17.2.2), £ 1.59 mm JE Ti $E51
b, Ar R SSB W E 30-36 MeV A LR A 755 (L TFE 7.2.3),

DC-25 ion source (Oxford Applied Research)

Specification

Model DC25 DC25s DC150

Standard in-vacuum length 100mm 100mm 230mm

‘ [Beam diameter 25mm 25mm 150mm

/ : |3 [Mounting flange * NW63CF NW63CF NW200CF

lon beam energy 1000V-1keV 100V-200eV 100eV-1keV
Beam current 40mA (max)™ 5mA (max) 300mA (max)
|Operating gas flow 3-10 scem 3-10 scem 15-20 scem
Power supplies ::::;:’::nlt) :rs‘;:ll\lgl:’::nh) Included
Grid material Inconel, Mo*** Inconel, Mo*** Inconel, Mo*™*

* For externally mounted source. Intemally mounted sources are also available
** Gas dependent
*** Parallel, concave, convex grid-sel oplions

K] 7.2.1: MIT f¥] Forbes & A\ AT T8 [A93, S.9.41],

Vacuum chamber set up

%Jh

lon source

detector
array

46 cm
K] 7.2.2: MIT f¥] Forbes &5 NI RAESLIGEH: & [A93, S.941.
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Low-level energetic ion emission

4 T T 4
energy (MeV) 35

— 3 30 L 413
2 -~
E 25 %
e L
D 2f D loading 7 =
5 -
(2}
5 \ | 8

1 1

. hei— e )
—
| —— : : —nd,
[} 1 2 3 4 s
t (hours) \

AL aEmETHREHE 950 eV D and 950 eV Ar

Neutrons correlated with charged particles

energy (MeV)
35 ®
%
30 o\
0 25
c
5 |
o
o H J
42 43 44 45 46 47 438 49 5.0
t (hours)

K 7.2.3: L& MIT ) Forbes 25 AH 950 eV & FHREIMA 1.59mm & Ti ', 285 950eV Ar i 1
B 30-36 MeV RSB0 h IR, T EE I BT R TIPS AR % 4R [A93, S.9.4].

BRI A JEL R A 3 o3y ey HORE - ol DU, BT DUATTRDE 1 5 pm SRR Ti #E, A 2 mm
JEf¥) SSB KM 17 Ti #8 I DA S 25 247 kLT, 45 5R7E Ar BWURETIIE] 3—6 MeV 14T AR T (AL
TE724). 7 —HLKH, Ar R F=EL 47 MeV (a7 R T, {HE Ar Z 1551 40 h 97
AT 1-11 MeV B R (W NE 7.2.5) . AEF G TR L R 12 KA AN A DD TR
B 4He 5 Re il Ti R4 72 A4 p Blofi B 9, OL R B 7.2.6 1% 5256 (1 0] 2 SSB AR E £ 5 MeV,
X 30 MeV LLEARARE, BT AR RERS /18 A R
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MeV counts correlated with Ar beam

2000

E (MeV) 7 s
£l
®
1500
®
4
E L ]
c @
g 1000 3
S more than 24 hours
s00} D Ar | beam off
] 500 1000 1500 2000 20000 40000 60000 80000
t (seconds) X t (seconds)

33 minutes

K] 7.2.4: MIT [ Forbes 5 AH 5 pum Ti JEAE Ar RLFUK TiDy BN ] 3—-6 MeV 2 [A] ()7 FLRL T
[A93, S.94].

Energetic ion emission with “thin” Ti foil

N

16000 - - —

E (MeV) o
14000 |
40

12000 |
__ 10000 |
)
£
@ 8000 |
S

6000 |

E (MeV)
4000 | 12
L ]
2000 | Ar b f+ ® . et e -
D r eam o ® ° ® .. o0 s .. ® °
C £
- e e e B e e M|
0 500 1000 1500 2000 5.0x104 10° 1.5x10% 2.0x10* 2.5x10°
t (seconds) t (seconds)

K] 7.2.5: MIT ff] Forbes 25 A\ ) Ar KL & TiD, 5256, Ar &34 1L G 40 h P90 3 i 75 Bk
[A93, S.94].
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Ca + «a (34-36 MeV
A = ( ) e

®
EEHE
L e-,
Sc + p (11.4-13.2 MeV) e i 8
D = 10
. - Sc + d(3.8-6.6 MeV) 2
st
Sc + t(0.9-2.0 MeV) g g
- 6
Ca + ‘He (1.2-5.1 MeV) ° ; =
B
—— Ca+ a (12.1-14.5 MeV
“He Ti : ) A §
, . , .
1 2 3 4
A

K 7.2.6: MIT ] Forbes 55 N & AR I Ae iy FARL T2 £ & 12 [A93, S.9.41.

ZHE M) L. Forsley (NASA GRC 5 EREEIRA A EE) W18 TR A AL R B A2 R 45 5 11k
SRR B [A43, S.5.2), )0 BARE RO — 8 e & 0 25 T2 A o 1@ A0 BE 25 2 A fE AT
P& (Bragg Peak) it AR A2 (30 Bl N X IE A2 851 R AR kg FE R AU A i Js 3, LRIl 7.2.7).
BT R L RE E %1% (linear energy transfer, LET) =42 7458 FAR BRI, MRERTE
R BURA KR, RAEEAR R AR, By DUBR M E AR B KAE, Bl nT (2 A% ) v
JUE . EFE U PAD M AR 7K 2.9 MeV HLT-1E TiD H I8 #0742 7 2R Feeil (LR
K 7.2.8), BLIHPEARLINIEE. GRC XLHE— B mAE TR S E ey 2 0 e =4
DD FARH T AHZIRG I R bR R R AR R ER TCIEREIN, > 4MeV SR T REIE I ARt B A
o

D(d,p)T 3 MeV Proton in PdD

ION RANGES
i Ry ¢ 2Mium Heamn LR 0]
™~ ivggh =5KA Yurtoss = N0
E
o 7000
~
)
= o
)
=
o see0
~
e
—_—
o
£ e
> | Little KE loss g
P
- 24*— e
S|
) ERCRL o
A - Target Depth - 30 um

I

Bragg Peak
K] 7.2.7: DD A=A KR T4E PAD 8L~ A A hig g [A43, S.5.2].
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Two different triggers and two different lattices, similar reactions!

i D(d,n)*He
<10V electrolysis D:d p)T 2.9 MV electron beam bremsstrahlung
)
Exp Net Minus No Current Net (Time Normalized) Boosted TS610-612 TiD2 net fluence 2.9 MeV (EJ309)
T - . D(d*,n)*He? :fgz~ } 2223 MeV
2.45 MeV fusion n gont 2.45 MeV fusion n
400 - B 1,000

» 4.0 MeV boosted n 900
§2} Il | & 800 3.8-4 MeV
5200 i1 w
3 I “‘l [‘ LJ | J I 8 7001 4.0 MeV boosted n
§ o ‘ iRl TR M Iy l,“ ‘hn o Il lrh 8 600 '
3 F all } g S00— 7.6 MeV
2 | i g 485 Mev
< \ 3 400 | J
~20001i ' < 300 ' i

200} ) |
—400}- i | e “00l I
1000 2000 3000 4000 5000 00 L—H‘Li L—_—P‘H,;g
€

Energy (keVee) Neutron energy, MeV

!Electrolytically-initiated Fusion in PdD, (CIF RUN 5) 2Bremstrahlung-initiated Fusion in TiD,
1.US Patent 8,419,919, “System and Method to Generate Particles” (2013)
2.8.M. Steinetz, et al., “Novel Nuclear ions Observed in radiated Di Metals”, Phys Rev C, 101, (2020) 044610. 15

K] 7.2.8: Pd HE-AE MR FRENE (75 %u 2.9 MeV HL T HIFEES7E TiD T4 Kb FReit, W
ML [A43, S.5.2).

8. WOLIEH

L b A TR e ZE X7 5 TRE S % (CRREL) ) Benjamin Barrowes /47 1 Ot 45 B8 Pd
2RISR LA92, S.9.3). 54EHN Pd £EAHLL, SFEHZELE 0.25mm, K 2.5cm 1) Pd £,
RN e[ 5, 51262 Ni 22, WK 8.1, JE7E Smtorr EAEHIN 3 A IR (2-3W) Jin#4 Pd
223 600°C, FF4E 60 min, KEPEEALZE . RJEFEA 3 bar TUAEES, #ET 20 min FEARIHEIA: (1D
JCHLL, TEBOE 10 ming (2) JIHEE (TA/I0W, 7RSSR Sming (3) JHHIRIFEOEHES
5 min. JAAEAE Pd 2207, —M% 5 min PRIATIEER, s R GRS RS . E—AN AN SE
34K 0.1 bar, #EHARLAL T D/Pd=0.85, —IRIEHAFJLK . D/Pd BEAGH T HE .

" Y P

Palladium Wire Experimental Setup

{ “u i
- /

250um diam Pd wire > l( ] - et /
2.5cm long =Y =5 N
Stainless alligator clips

Nickel feedthrough wires

N
<bt> ICCF25 Ben Barrowes N\ N S

K] 8.1: CRREL iTHH Pd 4, F1 A BB, %18 ICCF24 &, NiZ%s2 640 nm, 5 mW Bk ot .
N EE R Pd BRI [A92, S.9.3]).
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EMRI RPN RERE 14 RN AOGIFA RS, YEHRE R ~E 8.2 i, H
SEM T KB F A1 C, 4351 A7 58%M1 42%. AL BT 2 HE R, (HIRMN BN HTLZME (U
TR CFy, CHIF 2000 7 24%F0 76%). ib4RIE 42 T Be, {HARMREM(EE . WRARME
WA SINER, REHRERRA, ERM 2 7R, WTE 8.3 B,

- PY

Palladium Wire — Fluorine Material

These are the largest particles, another 5 —
10 smaller particles were observed

¥ CRREL and Dartmouth
SEM found the same
thing:
58%:42%
Fluorine:Carbon

= up to 100% Fluorine

Size, curvature, and
amount look like it
came trom around
wire

<w/> ICCF25 Ben Barrowes “;;IIIIEI,
K 8.2: Pd /A IR FEF SIS )G KA REF- AR [A92, S.9.3].

- Y

Palladium Wire — Potential Neutron Bursts

Experiment 2 Wire A - Raw Neutron Count

Experiment 2 Wire A - 15 Point Smoothed Neutron Count

neutrons
N w » o )
neutrons
P
o

[

“1 | 1l llHth

96.1 96.12 96.14 96.16 96.18 96.2 96.22
time (hours

IZ
<45ICCF25

96.1 96.12 96.14 96.16 96.18 96.2 96.22
time (hours

K 8.3: Pd 5 NER G- EMR TREES [A92, S93].

25 [® Florian Metzler (FF L4 A ED /48 MIT (fE# FJC P.L. Hagelstein ) SIJ#F K22 F1 7522 1
P TS /N RS TR, H B2 S EOC I & B S AR R T, B ERE T K 8.4,
AT TAEZ 3] ARPA-E 1% B), /NAFIFERRA 32 . HENR THER B [A38, S4.1]
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Charged particle detector

Wendi-2
[ neutron |
counter
(secondary) / RGA Vacuum pump
N /
>10 m distance / N \
from sample j oM
\ counter ) %' { —{ 1 )1
e / D Pressure
~ gauge
Sample T
Laser mwsea — - Holder DC power
’ I supply (heater)

o ><3—
Q A0
{ J] { | o

/ N\ / 3

i / \ / Wendi-2 \ / N\
s [ Gamma neutron \ / \
- | Gas |
\ spec. counter / |

\ / \ tank

/ \ (primary) / /

. P f \L P/

<10 cm distance
from sample

Kl 8.4: MIT. SIHFAIZREAE TG /N RBOL I &8 S HE RO R 1) s S 36 iR [A3S,
S.4.1).

12575 — RS S E S K2 Jonah Messinger 1E NS —1E# I, 1Z/NANA T R R T 61
TEJRENY TR AR T T RAR-RAR N 578, X8 S AL R RS FRAR, &4 5
P HIEM R AL R A28k, AZ5RE DLSH NAA R MS T8, Bkt s T,
TERAENE [AT1].

VK K221 S, Olafsson #5345 97 A W MO s S B A AA A iR 1) AT I (R RAE [A44, S.5.3].
IS AR R A AE A %2 3 1064 nm, 100 mJ, 5 ns, 10'2-10'¢ W/em? FIEOGEUR RS, W0 5]
0.1-0.5 ¢ BRIP4, BRI T B IE BT 12200 1 1) A5 5088, 7 Bk,

= AH FutureOn A & ) U. Abundo %6 N\ (G. Parchi 41) FJ 3He 1E ELiH-#0E & DD 4 [ B
FEAERR T, BRI SR (WL Ti Ml Ir) FEY) (FeOs Al ALOs FEATED W, #7351t
B o R T SR I B R A R A A 7T (potassium-promoted iron oxide catalyzer) fF
BERPRLES s AR R = 1.5 % ARABADATTAOSEIG 5 R, T DASSAIE (AL 7R THT PR SO FEAR 1=
b & BE . H oL BRMAEIEnT LU= EE 21 H T (IWTFE 8.5), &It a Ak
WURCR . VR JFOR A H 2503 Holmlid (% SRR [A83]).
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== Li6-Fe (2nd try) neutrons [n*] == Li6-Fe (1sttry) neutrons [n*)
250

20kv S0 kv 60kv  20kv

200

150

100

Neutrons [counts]

50

0 20 40 60 80
Time intervals of 100 s

Kl 8.5: Abundo %5 NFEAN RN L T T SLi 542 AL BREE il & 3 (1) AR 1 [A83 ],

VK& K1) S-Z. Gundersen A1 S. Olafsson &I 42 N1 Bh i A AL B AL AT, AL & 72 A
KT X FL RN, TR T UMRI SR, f8 2 & m EEER), PT2EE 3 mm BT LK R
7. B 8.6 Fs 78w B AR HL A5 SR AE R AT R M B (S 5, AT /2 170 cps, TREE 2
1423 cps, RAAMSTE] 500 s [A79]).

B 8.5: Uiy R P i BB P O FEL A 408 2 AE B T D 22K X245 55 [AT9].

O e E R Y 5% TR T (JFIN-HH) ) Anissa Bey /143 1 76 % 2 TRt 4 - 1% 4
FH(ELI-NP)_b 3 A7 4% S A ARAIE FE I 30" B 7 B sh B 85cm S SR 83K [A98, S.11.1). LAE D)
6 (1 PW. 20 PW A1 100 TW =AMk i FE Bt i) i 7 7= AL m e B st iyt (K 19.5
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MeV), 8.6 A1 8.7 734
AR ERERE, Atk TR B, Z3EE R 10 24001 RCEZR RS T 2 8.5 148K
JCII=AN ELI T H 2 —, Hiki 75 X 52835 (ELI-Beamlines) %5 B A Fb e Bk (ELI-ALPS)
BB TR R

E7PPEx Isomer Production Phase Conceptual Setup —

Plasma diagnostic | LWFA electrons diagnostic | | Gamma diagnostic & nuclear activation |

Interferometer L &
DRZ-Low

HPLS Laser Electron spectrometer
1-PW, 25 fs magnet Compton spectrometer

Al-foil
Au/Cu/ln

e b ) 450

. Bremp s
DRZ-High converter

Activation targets

a

Gas jet Electron
beam

Image plate

E7PPEx — Isomer production phase experimental setup
Probe beam

(") Plasma shadowgraphy & Lanex electron beam spot (**) Measured electron spectrum illustration from
ICCF25 Conference - 08/30/2023 from 100-TW HPLS experiment (Feb 2023) D. Gustas et al., Phys. Rev. Acc. and Beams, 21,1 (2017) 8

K] 8.6: ELI-NP JRFL[K [A98, S.11.1]).

ELI-NP Research Infrastructure

= A Nuclear Photonics User Facility

» High-Power Laser System, HPLS:
2x10-PW, 1-PW, 100-TW

+ Variable Energy Gamma Beam
System, VEGA: quasi-monochromatic,
high-brilliance, pencil gamma beams
up to 19.5-MeV

HPLS Laser Bay

e-LINAC & VEGA
Beamline

T T T I T T T T T T T
ISR SN I ESEE NS SRS ISR NS ES TS A

We are here
ICCF25 Conference - 08/30/2028

K] 8.7: ELI-NP ZEE/REKE [A98, S.11.1).
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9. i EAAEH

B RZHE Y (DR BRI TR R M) N GRS 6 AN AL JRSRIERT L
W EN SRR TN (VCS) PRA RS2 4 R [A95, S.10.2). 1 JLAAhA T I 2]
KNG W has, FZRRAEZNIE, BB = ENm 2=, 2 COP> 1.05 I 7EmE 2440 I
MF) 34 £510 C 5 Eﬂm, 10 f51 O H&ET . 1.4-4.4 50 Fe 58T LTFE 9.1 F19.2),

* Reactor 2: Double-pipe heat exchanger (DHX)

» Using double-pipe heat exchanger to reduce manufacturing cost
» Using steam boiler as the heat source for large-scale application
# Using pulsed water flow to create extreme cavitation

Cold water
Water passage

Double-pipe Heat Exchanger DHX

Heat loss Q ,

steam flow
—

_ Qunet+Qrx
COR= We-QL-Qc

Excess heat

COP, =1 (without excess energy) COP, = Mﬂ

> 1 (with excess energy) Wie=Qp —Qc

K9.1: EFHHITERER TSI ERER [A95, S.10.2).

* Test of DHX J. Condensed Matter Nucl. Sci. 36 (2022) 247-265
* Maximum COPx =2.55 at Th < 160°C -2021/8/17 DHX-2Bc counter flow
Goh=TESE (o1 Mo change machine L1 owc1n "0_yt0
- =Kk

2.55 DHX-2

DHX-2Ba(3{ rows)

parali¢l flow
COPx=1.55~2.55 Tested under pipe
20
" /' rupture and leakage 2.2
, - ~=| Parallel flow 4 rows
COPx Occurrence of LENR 5] (3/18-5/06)

15 ﬁ
"-_- i E‘%.LI‘ ! !
1.0 | .3 0 B S
g bl a l =
7 3 |
05 Worst experimental error +20% DHX-1B
' = = tested unde
pipe rupturd
Results of COPx =1 can be treated as the baseline ¢alibration of the test bed. and leakage
0.0

2020/8/6

g
by
EE
Nu

Nuclear transmutatlon
* Cincreases 3 times

% !“C!mg * Oincreases 7-8 times
- « Clincreases 63%
DHX-1B * Fe increases 4 times
K19.2: BRAAITHFAE VCS OB pEE ot R A% [A95, S.10.2].
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SR PRI R AL R P B R[] P 54 LA JRE S P M5, FH 22 PR RS DO AN, (LK 9.3), 4
R R AR A S AR (LB 9.4) . S5 3L 14 ANKAE, 24 H BIER S #1030 BS540l i S A4
P, REEHRLE m/z < 50 YEFE (LA 9.5). RN 3 HR M B m/z 44 (1) A LRR, 3 9.1 1 K44 >
1.5 BMRETET COys MIAHRN COP>1.0, Z/AUiH] C (FAKHH 0D £ 5BHANT N1 —FiiZ
P ik — P IHIE CO, P24, (EMI R FTIE AT &AL Ca(OH), WILZE, 4iF m/z44 (55 RERK
ik, UEHIRASERE CO, (LK 9.2). H—ME" W& Ne-22, K 9.6 ki (bl & K22, K22 > 1.5 &
WRE A T W 22Ne, A T AT I ANFE A CZLEET SO BLERRED 1) K22 (EARIR /).
KA CO2 2 m/z 22, FrlAt A Ca(OH), RISZ R L. % 9.3 1 K22a > 0.2 MME 4 T 2Ne,
YT CO RS, ZERA 0.006, B LA BEE M4 T 2Ne. A—ME=H72 70, 70
R m/z 19 (B Ho'700), B 9.7 FR /MR R198 (Gl tR) AT LL198 (i) #iZRoR 70 7=
A, AILHE A AR A 23 0. Y0 R AMEYEE m/z 33 (19070), K 9.8 FEE
K33 R PR IR & TP 52 70, 170 BISE = AMIEHE & m/z45 (C'°0V0), K 9.9 10 4=
AEBIISFERA 9 AN K45 > 1.5, Mo MR/ N FEZHEN 70 & H-1°0 A5, 1 12C Al
2Ne ;&P 70 B (ILE9.10),

2. Recent development (2021-2023)

* New reactors using strong and simple structure for easy scale-up

(US patents pending)
VCS-NTU: THX heated by boiler

ot wates vaply

VCS(5RT): THX heated by compressor

S1eam

Boiler

U-resonator (JT1)
— E 1802 [VaeV3) 016 1m

- F TI0CE (V3] @3tk Im
B=

CF
L

r s Jet resonator (JT4)
Single-stage resonator (JT3) £
Multi-stage resonator (JT5)

* Anomalous non-condensable gases was found
-]

K9.3: SASREYLIT = M) et A AR A S e [ ) 5 4 e 2 AP AR E% [A95, S.10.2].

73



COP Test facilities

Gas collection
unit - Gas collector

Kl 9.4: BEFRHARSMERFE RS [A95, S.10.2].

3.1 Mass spectrum of 14 gas samples (Tube6-Tube27) taken
from 8 reactors at Th < 190°C, Qh < 10 kW
* No significant m/z signals at m/z 50 higher.

* All gas samples have similar mass spectrum except the signal intensity.
* Serious signal interference from gas contamination is not seen.

264

Tube6 ~ Tube27
18E4 e
T m/z signals larger than m/z 50
10E4 are noises
0
14E4
1264
= E
164
i
5 gE-
L5
ses0
€5 | |
i -
€5 /
J! s
25 ° \
e
0 P
265
4E5

10 20 30 40 50 60 70 80 90 100 10 120

K 9.5: BRI RISARE [A95, S.10.2].
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£ 9.1: EFEYHHE 14 MEFRIELE B m/iz44 (B COy) HIELE: [A95, S.10.2).

3.2 Presence of CO2
* Proof from m/z signal ratio K44

» m/z 44 signal is produced from CO2 since no significant m/z signals at m/z 50 higher.

» 4 gas samples are from reactors without LENR (COPx <1.05): Tube9, 12, 17, 27.

» K44 is defined using internal standard (m/z 40), which provides more accurate results.
» the large signal ratio K44 (71.0 or >7) strongly suggests the significant presence of CO2.

[44(gas) = m/z 44(gas) + m/z 40(gas)
[44(air) = m/z 44(air) = m/z 40(air)
Isotope ratio: K44 = I144(gas)/144(air)

prom— prem— —
Tubed Tubel2 ‘ube 27
Gas sample ID Tube6 Tube7 Tubed = ubel10 ENNEMTube13 Tubeld Tube 16GEEEMNE fube 18 Tube 23 Tube 24 REHIT
jetesn) oroduct es sroduct
VCs VCs ves only VCS VCS-

Gas source (Reactor) (5RT)  (5RT}  (5R7) | boiler | (srry JTA"35[OHX-2B JT4-BV DHX-2B] ;) JT3-CV nDHX-2BVCS-NTUPITS AS
m/z 44(gas) peak signal 4.4BE-07 3.6056-D6 1.89E-06 |1.68E-08 |7.506-08 [2.00E-08 [1.50E-07 7.15E-07 1.97E-07 |1.19E-07 J.80E-07 3.34E-07 1.09E-05 f1.90E-07
m/z 44(air) peak signal 2.77E-07 2.857€-D7 2.70E-07 |1.79E-08 |4.00£-08 |5.10E-08 [6.00E-08 5.50€-08 1.10E-07 |8.01E-08 §.10€-07 1.39E-07 1.39E-07 f1.39E-07

LENR (with COPx > 1.05) Y Y Y n Y n Y Y Y n Y Y Y n

LENR index: Measured COPx 1.53 1.61 161 1.0 1.51 1.02 1.17 110 120 | 1.02 1.05 1.20 1.57 1.03

m/z 40(gas) peak signal 2.60E-06 3.30E-06 2.41E-06 |1.24E-07 |3.49€-07 J1.76E-07 |5.80E-07 4.96E-07 8.73£-07 |6.08E-07 P.85E-07 1.34E-06 1.39E-06 f1.29E-06

m/z 40(air) peak signal 2.64€-06 2.57E:06 2.57€-06 |1.36E-07 |4.41€-07 |4.40E.07 |5.21€-07 4.80E.07 9.54E.07|1.34E-07 J.376-07 1.26E-06 1.26E-06 f1.26E-06
144(gas) = m/z 44(gas} * m/z 40{gas) 017 1.09 0.78 0.14 0.22 0.11 0.25 1.44 0.23 019 0.67 0.25 7.85 0.15
144(air) = m/z 44(air) * m/z 40(air) 0.10 011 0.10 013 0.09 0.12 012 0.11 0.12 0.13 012 011 0.11 011

Internal standard ratio:

4 163 @ 103 | 237 | 008 | 21 . 196 | 146 [ss6 226 0|13

K44 = 144(gas)/144(air) D, (28) 719

K44 > 1.5 % Y v n % n % % Y n Y Y Y n
(presence of CO2)

% 9.2: EFHALENE Y AT &AL Ca(OH), WILE, 455 miz 44 155 BB L, VMRS
J& CO, [A95, S.10.2].
* Proof from m/z 44 signal reduction by CO2 absorption of gas samples

» To identify CO2, the gas sample flows through an absorber, calcium hydroxide
Ca(OH), , to absorb CO2 before entering MS.

» Measuring the m/z 44 signal reduction of the gas sample with and without CO2
absorption, we can identify the presence of CO2, through the ratio Ab44 = m/z
44(Y)+m/z 44(n)

» Ab44 < 1 reveals the reduction of m/z 44 signal by CO2 absorption.

Gas sample  Reactor COPx absgﬁaztion m/z 44 m/z 44(?(:':4':/2 44(n) Redu;::i_ol;\::z;/z -
Pure CO2 Re':;ime No LENR $ g:giggg 0.019 (< 1) Y (92%)
Atmoasi;:here Ref:raesnce No LENR 3 ;ﬂg:gg 1.14 "
MS blank Re';':s"ce No LENR 3 gzgzgzgg 0.98 (= 1.0) n
Tubels  DHX-2B 120 . i:igijg; 037 (< 1) Y (63%)
Tube39  VCS-NTU 154 : g:gggzgg 0.74 (< 1) Y (36%)
Tubedd  VCS-NTU 121 a g:;gé:g: 052 (< 1) Y (48%)
Tubed2  nDHX-288 122 s B 0.20 (< 1) Y (80%)
Tubedd  nDHX-2BB  1.16 . 2:2?;:82 0.46 (< 1) Y (54%)
Tubed6  nDHX-28BB 115 v i:iég:gg 058 (<1) Y (42%)
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* Presence of Ne22 — three evidences

(1) Proof from isotope ratio K22 using internal standard m/z 40

1) m/z 22 signal is generated from Ne22 gas and CO2++ made by CO2 ionization in MS,
while CO2 is the product of LENR.

2) the isotope ratio K22 > 1.5 (far beyond CO2++ interference) in all LENR gases suggests
that m/z 22 signal contains those generated from Ne22.

K22 --COPx -8-G

30 r 16
2.8 I l22(gas) = m/z 22(gas) + m/z 40(gas)
2.6 | 122(air) = m/z 22(air) + m/z 40(air) 14
24 F = =2 i
022 | K22 = 122(gas) + 122(air) L 15
~ 20 |
X8 | COPx 157 110
O 16 | L 8
©a4 1.25
12 F L
10 | &
08 L 4
06 i
04 / P E,J.‘ o F 2
02 -
i o =
0.0 T T T T 0
- = — — — -
S c s c c c
o o o o o o
[} m o (] m o
O = = [y [y N
N (9] ~ =] ~
* * * *
No LENR

K 9.6: EFREIHN 2Ne MIELEHR, BB OH S K22, K22>1.5 BWEA 7 EEK 2Ne, 1M
WA T EFBIEINIAFE i (L FT LS MR ED 7Y K22 E#SIR /N [A95, S.10.2].

% 93: FHFRYHHAMELT Ca(OH), W Z R LA T CO2 T T 2Ne MIE, 774 REBAN
#PEE T 2Ne HARZ Ca(OH), U Z52m [A95, S.10.2].

(3) Proof of Ne22 presence from isotope-ratio K24a using CO2 absorber

* (€02 in gas sample is absorbed first by calcium hydroxide Ca(OH), before entering MS
to eliminate m/z 22 signal interference. .

* Pure CO2 is tested as the reference.

* m/z signal ratios (K24a) are compared to the reference K24a(C02) (=0.96)

* K24a(gas) > K24a(C02) (=0.96), in all LENR gases, indicates the presence of Ne22

* the isotope ratio using internal standard K22a >> 0.06 confirms the presence of Ne22.

Internal standard method (ISM)
based on m/z 40
Gas co2 R24 = K24a = 122 = 144 = K22a =
Reactor |[COPx| . . |m/z22| m/z40 | m/z 44 m w =
sample adsorption / / / m/z 22 + m/2 44| R24(Y)/R24(n) | ratio 22/40 |ratio 44/40| 122(Y)/122(n)
B Reference n 4.44E-06 | 4.20E-07 | 4.62E-04 9.61F-03 0.96 10.6 1100.0 0.0060
gas Y 8.26-08| 1.31€-06 | 8.93F.06 9.25E-03 0.0631 6.817
n 2.336-00| 8.736-07 | 1.99E-07 1.17E-02 1.07 0.0027 0.228 0.55
Tube 16| DHX-28 |1.20 Y |o33ea0|6376e07 | 7a7e08| 125802 0.0015 0.117
n 2.94€-08| 1.63€-05 | 4.42E-06 6.65E-03 1.49 0.0018 0.271 1.86
Tobe:39] WCS-NTL | 1.5¢ Y 4.93F-08| 9.35¢-06 | 4.97F-06 9.92F-03 0.0053 0.532
n 1.55E-07 | 9.78€-06 | 1.68E-05 9.21€-03 1.03 0.0158 1.717 0.21
TUbe 42 nDHX-288 122 Y 3.23E-08| 9.92E-06 | 3.40E-06 9.49E-03 0.0033 0.343
n 7.75€-08| 1.19€-05 | 9.98¢-06 777603 1.14 0.0065 0.839 0.48
HX- :
[fubGias| D28 | 318 Y  |a.10e-08| 130605 | a62e06|  s87e03 0.0032 0.355
Tube 46| nDHx-288 | 1.15 n 4.87€-08| 1.02£-05 [ 5.52€-06 8.826-03 1.10 0.0048 0.541 0.65
ube : Y 3.10E-08 | 9.93€-06 | 3.20E-06 9.69E-03 0.0031 0.322
>0.
K2de »0.96 K22a > 0.2 shows Ne22 presence
shows Ne22 presence

19
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* Tracing of isotope H20-17(heavy water) from isotope rati

om/z19to 18

» Since steam (Tube9) contains HDO, R198(steam)=1.10 is the maximum contribution of HDO to m/z 19

> LL198 >>1 appearing in 9 out of 10 LENR gases strongly suggests significa
from H20-17, other than HDO. [presence of H20-17]

nt contribution to m/z 19

m/z 19|signal sources (heavy water): HDO(deuterium water), H20-17
3
4.8 I 118(gas) = m/z 18(gas) + m/z 40(gas) L198(gas)= 119(gas) / 118(gas) s o
4.4 118(air) = m/z 18(air) + m/z 40(air) L198(air) = 119(air) / 118(air) i
' 119(gas) = m/z 19(gas) + m/z 40(gas) R198= L198(gas) / L198(air) 1726
4.0  119(air) = m/z 19(air) +~ m/z 40(air) LL198=R198 / R198(steam) F 2.4
36 | X | It T 2.2
abnorma ) s L
A (2 91/ H’r_b;z_;fz Ummwtn T .
2. ubel2: U-resonator L 1.8
238 275 16
24 ; CoPx -mios 4
2.0 g \ F 1.2
4 %
16 71 ,/ k4
1.2 . . 7 r 0.8
/ B . - 06
08 . L 0.4
0.4 ﬁ 7 ; / m L 02
00 ] 7 5 7 7 7 % L 0
— = = = — = = = — = =
[ f= c e c c c [ c £ c
o o o o o o o o o o o
[0} [ (0] '] ® o o " ™ el ™
an ~ oo w 8 - =3 — [ ] N N
No LENR o 3 © ® = ‘ii s
B 9.7: #FHA 70 MELEE, HRE R198 () AILL198 (Rt #&R V0 1=, o]

TR P A IR A 235 70 TA95, S.10.2).

* Tracing of isotope 02 [016-017] from K33

» K33>1.1 appearing in all LENR gases strongly suggests presence of 016-017

EZ2K33

m/z 33 lsignal source: 016-017

: 133(gas) = m/z 33(gas) + m/z 40(gas)
_133(air) = m/z 33(air) + m/z 40(air)

3.0
2.8
2.6
24
22
20
18
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

K33 = 133(gas) / 133(air)

n—t
| Only Tube12 (no LENR) showing abnormal K33 ———]

e

161

>

COPx, K33

A

|
_

-
c
o
m

9aqn
£39n]
69qnL
o12qnL
€19gnL X

8
9T agnL

W z139n.

No LENR .

K 9.8: B 0-17 B —ANEFHE m/z33 (16070), EH2

A2 V70 [A95, S.10.2).
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* Tracing of isotope CO2 [C12-016-017] from K45
» K45 >> 1.5 appearing in 9 out 10 LENR gases (except Tube7) suggests the presence of

isotope CO2 (C12-016-017)
l m/z 45 lsignal source: C12-016-017 (isotope CO2)

20 /3 5
145(gas) = m/z 45(gas) + m/z 40(gas)
18 | 145(air) = m/z 45(air) + m/z 40(air)
K45 = 145(gas) / 145(air)
16 I K45>1.5in9 out 10 LENR gases ik
14 | Only Tube7 showing abnormal K45
12 * C12-016-017 always present in LENR 3
0 10
* g ‘ L 2
6 ? g
/\ S
o
4 7 r1
5
2 e . 2
0 i |7/ i i L N 0

Bziegnt ]
€124n
Facutl
9T agny
8T aqnL [S§
vz aqny

Bzaan) [

K 9.9: EFHH A 0 [ =MIEE m/z45 (C10V0), E 10 MBS e A 9 > K45>
1.5, MICHE#AIR/N [A95, S.10.2]).

Q1: Are Ne22 and CO2 produced through nuclear or chemical reactions ?

* Possible production mechanism of Ne22 and CO2:
» Original nuclear reaction of 1H-0O16 is triggered to produce 017 [3,4]:
U +e +7; + 60 » m - [Z0)
» Nuclear reaction of 017-017 produces Ne22 and C12 [3,4]:
70 +730 - W - 2ZNe  m/z 22 for Ne22 (identified)
» Chemical reaction of C12 and 02 produces CO2 :
(&cJend 250 ~m - co, m/z 44 for CO2 (identified)

Q2: Will the rest of 017 and C12 produce other compounds ?
Nuclear transmutation of copper pipe by C and O observed in SEM/EDS [1]

v

> H20-17 (heavy water) : 2 }H and(7;0)~ @ — H20 (017) e
X

Isotope 02: 160 and [0 }» ® - 0, (016-017) oy
p s0and(jo}- m - o, RGEDON
Isotope CO2: (%c), *$0 [0}~ m - co, (c12-016-017)

K9.10: P SRHSEHENZILFE [A95, S.10.2].

Y

m

L5 22 LA E 57K 21 VL Vysotskii 55 AR FHZK S0 A2 S0 R08E,  BRIET 7= 2 80 MHz 55
ToRH e # (weak undamped thermal wave) {#if; 20 cm AL TiDy s A #E (42 7mm, & 10 mm)
P (IR 9.13), 4 JilRREE 40 #1120 4380 H CR39 MIRIKL 4275, 6 N HJE, FBUN A RE
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BRI, TR 9.12 . KA BRm~AEES, BHibd 40 2 E S HEET 20
SR, BTEERR 65 h FIBUR R 2 163 B, JAA A& 46 Bq, XMW AR TP~ A8 H 43 %N 1.6
x 1010F1 4.6 x 10%. Ui r24E T DD # B4 MW [A36, S.3.3]

Cavitation chamber | Remote TiD target |

. —m——-p mmap ———p ———p ———p
» %E -Undamped thermal waves = =
——b ——— m———p = ==

Water flow ll’l'ke of generation of undamped thermal waves |

Track detectors

Kl 9.11: Vysotskii 55 NFTH IR N2 E [A36, S3.3)

K] 9.12: Vysotskii &AM B U B B2 EG, ZEHME A2 6 A HATAREE 40 F1 20 73411
TiD s # [A36, S.3.3).

10. %28 V5
10.1. #G &

F%E TTU K Andrew Gillespie & ANJFR 7 R EIITTASL, S.7.2) 56— MR A A K2R,
KR — PP AR SR, I R AR AR AR I I TR B A 4 A AR R M o A R e A B B
TR R L R E R, REBUZEZ 25 mW, TR 1-50 J R LB 1011 AB—H
SEE ST R G m AT, WFE 10.1.2 Fros, Hsesie BA R mAsEs 1 (35 owv)
PIR/RgE I, RIS T BRI IR T4 SR A A R G 234 b 4 1 7 sXdsii, 1%
EAEFER) 0.01°C, REBUE 0.5mW, 10W B EE LT 0.5%, °TH T HEAZEMSAMHE LENR. H/5—
Mo ErERr, REUE<1mW, 10W K EEHITFT 0.1%, 20 W B EE LT 2%, 1E 250°C T
RIG AL
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Hydrogen | ® LabVIEW | 1
Fill Gias Control | —
@ (b)
® — o=
(8) | = I——:]|_11
T .IL'!} 1
{a) Power Supply, Capacitor Bank,
Ammeter, Voltmeter, and Switches = -
(b) DUT Assembly and Hydrogen U
Fill Gas ()
(e) Two-Stage Dewar !
() Alicat 5 SLI'WV Mass Flow Meter
(1) Ballast Tanks
Kl 10.1.1: TTU MREZE K EHH45n 2B [A. Gillespie et al, Rev. Sci. Instr. 91 (2020) 085103 1.
Active Cell Passive Cell
1 ) \ )
Plexiglass

FquSensor""-_ N ! IR N —- \ N

Heatsmk
S Thealsmlu (Qcond TA X, )’ Z)

-rom- T ‘ 2
Q ( ) ) 'Q(OHI'(T)

K] 10.1.2: TTU BF AR5 &= #qdt [S. Lacouture et al, Rev. Sci. Instr. 91 (2020) 0951021,

TTU /& ARPA-E SCHFHINBALZ —, SSTARL S AiAZ =il &, et s SR S e . BN
THRA BASHE TR R A5 U5 LK SEEIRS K Robert V. Duncan 78 2016 4EJ5 I TTU, XRi%42 TTU g
TEHS ARPA-E T H Ak H g — A5 AL

EEARE B2 LB N. L. Bowen $1ETE B AL RS A2 o 2 LK, Xl ik
AR FUR IEH A0, ABEUERBH [ASS, P1).

10.2. #5729 &

[ TTU 1) Andrew Gillespie S48 1 AbATT ) 51 20 FEAE S A8 46 25 1 Bl e LR M 1% (HR FT-ICR
MS) [AS1, S.7.2). EFEHCH 3 I 9 #EFEEF] 0.0001 Da, &% # T. 3He. H; 1 DH (WL R
10.2.1), He ATKGE] pM, T F| fM. AT 3B A 2°Ne F1 “Ar i 52 2 i KRS NRIASL, S.7.2)s
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/A

14+ .
5.9 mDa
124 / L
m /1.6 mDa 25.6 mDa
‘:é; 10+ A —L .
Q
© 08+ 3Hel|| |DH -
[
S 06+ B
(7))
g 04+ ) -
02+ uwiaf\m He D, |
0.0+ -

3.00 3.01 3.02 3.03 3.04 4.00 4.01 4.02 4.03 4.04
Mass (amu)

K 10.2.1: FT-ICR MS 7E54& He &b SN iEIE [AST, S.7.2).

AT 1 A e BRI 0 28 495 T 30 B e AR ) 10 A PR~ 4E, Il NASA GRC ) 3 4™ TiD,
EHRAERAR (LCF) Ffh, SRRIA~ 5 x 102AVRIR T, ZEBUEICCFE Dy T 1 T 7280 WA
Y HF LCF R 1 D(d,p)T [ T 7%%il. £ NASA GRC SZE6 1 F 2.9 MeV H TR IB S & By, &
TEBERHTE 2.5 ~ 2.9 MeV yiF£L, BERE KT 2.226 MeV [R06 7l M md A i A1 (b
SFRIRERN 0.145MeV, K 04 MeV), #h TR TUZIHE —FREER B A TUZE AU G
REEN 64 keV), T A% 1B A4 JTURE 3 & 2E D(d,n)*He NAE K 2.45 MeV H 1, 15 15
RIEBEMRE R = (1 ErDs oK 347 eV), GRC v N LCF. fEiZidfEd, BHARTTFS5EIRES
KA PHe(n,p)T MR T, FrPAA HR FT-ICR MS i i KM F] 3He, X2 5HISFAMLER. HT
FEAEARSCRE GRC 4510 . AT R ARV 451n, ¥ —PiIEst. NASAGRC fE 2020 411
Phys. Rev. C EREL RN EFHMA AT ABAMMELE R, BHRURFARMEB R EFFN,
NASA GRC B2 6 J@ A i R AL A% IS R AR AEAE 17 8 (V. Pines et al, 2020 Phys. Rev. C. 101
(2020) 044609), PEI AU 0T AN b, Hd -7 RETE A7 76 5 B 51070 Jov & BRARRE 1) ) L

Tritium Extraction & Detection

New tritium extraction instrumentation and methods 0
Volumes and masses are measured (masses of sample & H,0 for rinsing) e a
and temp in each zone throughout experiment V3 vs
W)
Perkin-Elmer
Quantulus GCT
6220 scintillator
. o, e—
« Excellent T extraction and radiation metrology have been developed at TTU —
+ Quantitative measurements of D, extraction efficiency from TiD, irradiated samples —
+ Perkin EImer Quantulus Scintillator system measured T produced with 10-'* mole accuracy v v

10.2.2: TTU KI5l & &4 [AS1, S.7.2).

Z[E TTU HJ A. Sobel I NASA 1] L. Forsley i+ 18 1 4R 5 H 41 £k ( Galactic Cosmic Rays, GCR)
SIEREIRIHF T, 95%M) GCR /2> 0.5 GeV/# )i T A alpha Fi¥ (ML 10.2.3). 1Z3CFEMZ
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WA RN, — MR AR S E Q TR AT R R IR R (LK 10.2.4), HIEREIM X H£8.
MESZF B I Q=1 BIFh 1) Q=5 ARFTAl o KL T 1T Q=10 A%, [N A4 T KA
T (WTFE 1025 [A69, P17).

Galactic Cosmic Rays (GCR)*

0% 1027 107  10° 10' 102  10° 10* 10° 10° 107
Energy (MeV)
Kl 10.2.3: R LK [A69, P17).

Radiation Weighting Factor (W; or Q) s
1 2
Radiation Energy Wj (formerly Q) o S
x-rays, gamma rays, beta particles, muons 1 g 2+ Neutron Wyor Q
neutrons (< 1 MeV) 2.5 +18.2¢ (O al
neutrons (1 - 50 MeV) 5.0 + 17.0g OIS g
neutrons (> 50 MeV) 2.5 +3.25¢ 1004 g °t
protons, charged pions 2 °F
alpha particles, nuclear fission products, heavy nuclei 20 S |

- Neutron energy / MeV

In order of biological significance

betas, muons and photons Q=1
\ protons, pions Q=2
Thermal to fast neutrons Q=25- 10 .
faster neutrons, alpha particles Q=20 fEron W rEERD
1. https://en.wikipedia. ki/Relative_biological_effectiveness
8. /W sV @r@ov/docs/ML1233/ML12338A682.pdf 2

K 10.2.4: JFHLIFIESYERT Q [A69, P17,
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Nevutron Detection Methods
1. Counting
1. Efficiency is a few percent at best.
2. BF;and *He Detectors: Need moderation, most sensitive to thermal n
3. Witness materials: activated and measured by gamma or beta
1. Thresholds and resonances
2. Thermal or resonance captures, < keV to > MeV

2. Spectroscopy
1. Multiple Moderated Detectors, (*He Remballs) unfolded spectra
2. Single moderated detectors using multiple MSND Li detectors
3. Liquid and solid scintillators (temporal information 200 nsec) PMT and
1. 10% efficiency < 10 MeV KE, 5% efficiency > 10 MeV KE Scintillator
4. Pulse Shape Discrimination
1. Differentiate between gammas and neutrons
5. Neutron Spectra Unfolding
1. Moderated Remballs or scintillator light output, and specific geometries,
approximate (n,p), (n,C) neutron recoil in keVee (equivalent electron units) convert to MeV KE
2. neutron capture cross-sections
Energy discrimination is necessary to know the Q Factor
7‘7P. Goldhagen, 'l)je of Cosmic-Ray Neutron Data in Nuclear Threat D tec i 7andOlhev Appl s, N Monquf' ity Workshop— Honolul Hmﬂdgbcn 2015).

Kl 10.2.5: SE1sMEF 75 [A69, P17].

11. &g A
FAUTF ICCF24 210, ARIRHERAATIE M2, F L%, ArAAd ES S AR .

11.1. PR NHEd &

Florian Metzler 25 A il [ — 5 TAE [arXiv2208.07245 Y ik 7 - Fhm] DLHE =5 [l 44 op 8458 2 (R L
M, A[&%,

EEBD hr 2 1L 2E R N. L. Bowen 3 T4 G BOR AR AE- /K LR RS IS 277
Ut (AR 5 4 DL BR Sy @ A1 R T SLIR 3R BN R AL, AR Pd 1 NAE KA R L 2 A% S
(d,n)F(d,p) R BL, SR 5 A2 B T HORE 7 P R AR IR RS, T HR -5 LiOD H 1Y) SLi FUBAE R F43pz 35
H) OB MR RL “He, S7KIEH H R E R B 2.22 MeV IS 5128 45582 1 W 20U B
AI5IR 3.39 W IR SN, I8 4He KR 23.05 MeV G S iA A Pd HIAZ O S B X 45 AE
5 SE A, Tz, it T LENR RNHER TS [AS0, S.7.1). SEifid, x4
HLRTE 1989 FFEHRHIKR, (i &WEIAER, £ LENR MNMBREZMASR, AERHL AL
HEE, BESII SA S R BRI S R

EE AWK David J. Nagel 772 %] LENR 285045 5 1A% A% B e B 10 1 AR St
[A35, S32), 0 FE 11.1.1 fion, ENSEE G.H. Miley i) Ni-HO HLf#AT H A< /K B £ 2 1) Pd-D,0
AR T KIBOZI A EAE AT LR 1111 (), TTH A ARIREEA (). Kasagi) 7E A4
SEAG S RN D-D SN B il 6 0 B ¥ T AR A R LI B U A, b4k Widom-Larsen [)62%
PRI L5 R LI 0 A ORI 1111 CR DD« AEE X op NAZAFE S — L,
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Figure 1. Transmutation data from Miley and

_wb E L]
AT -
IR R
MR 'q* i
LIEL ‘z

log (10GHz/cm?®)
= T
*

Atomic Mass Number A
Figure 2. Compilation of D-D fusion screening
potential energy data by Kasagi, compared to the
Optical Potential Model of Widom and Larsen
(solid line) and the transmutation data from

Mizuno, both as a function of atomic mass

number. Miley (points).

K] 11.1.1: Nagel S 451 LENR H 4 M50 T 4180 0 A [A35, S3.2]1.

M ICCF21 14, EEBE R L LB N. L. Bowen {E4% G RL b 2% (& 2% 55 2 1] ff) B REAE
i, AR UERGE R B IR N2, BRI I ERAT R LAT7, P25). DARTHIAZ JA Al 3 22
FRETR T Z MW PEA R 70, 1125 i [A] F A AR A B R AR ELAE P A &A% I B . BT A% R )
B 5 1 FL A R A7 P AT DA S I AR o AR A% O 0 10X — S5, ol o ofe rL G 2 S 3
SR TN REL R . AL IR0 ZAT JnT LU G 2 s ) FIRE SR AR . X SR 3RAZ I
DLAERT DAY B S AT A X AMERLEIE T 100 24K FRRAZAT M I8, 177 46 a) j5 2:
FAAZ IR TCVE A NI I 1 . A FZAR AL, AT LASEEINT LENR ISR A7 2R . P DAL AR K R
Il EACVE AR SE I 45 . Blan: (1D RSB REE SHEM A2 LR, (2) Bl
b2 FE e [F A 2 B AR R TR . (3D AT AR T RIXUR T ARRE - (4) R R AR,
M NIRRT 4. (5) URBRAER, EMNIMEIRRETHA. (60 RNtz
REUnb 2 AR B E A S

11.2. EHEFANEE T

2% [E New Energy Times ] Steve Krivit /44 | Widom-Larsen #1& [A106, S.13.1]. {21 %3 it
ke, WAEHARY G BOR TIRKIE, XXANELTINA. SIS EEEFFN YR (1) &E
TR 77 A2 LENR Js SRt A FR) PR o E <46 J S A P BT P 3 T 7 AR 3R TH A5 BT (SPP) HL T
B, F TR R R AR L) R R DTS B SPP LT, X PMARAARLRLfE SPP HL T i
BT & 0.78 MeV, HOY SPP EHLIT; (2) BRSIEF 7R E: A SPP EIL TR T
RS T, A NMEABERSED T Q) FRBEsESD T FE TR
HEH IR R E R R AR R W EAL R (O B RM7 A AT EAARERRK
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A o AR AHe AR Z JRT, BRE KA B AR, KM MR TIFE AR Z T ERINST
BB R R BRI AF B BOT/E LENR PR E 2, (HHE AT A RS R b 7ok =BG SR,

BB, FBASLES B H e fe il B 8 o1 A A R BB R AR 3R s N Az AR S, T siss B3R
. s, ZHWAISTE 2 — Lewis Larsen 2 2019 21,

spots, increas

mass SP elec

K 11.2.1: Widom-Larsen ¥l i )53, HPERESBEIR T, BRESAE T, BARHET, 5 2H
BT [A106, S.13.1]).

BINEE R K2~ Dimiter Alexandrov ] 5 FE 7 BRIS B BRAR - AR A [A33, S.2.4].

&) F RIS Jozsef Garai [A74, P22; A78, P26) Y N 776 H S 2 Sl g, ER T
HORM R (TR 11.22). £ 5-10 E&EE 7RSS, #E TSR BT REE <&

A6 SUARERTET, MTTFRAR 7 B E 32, SCBl VRO AR . M ICCF23 b i i it i 3 A S 2k P o 14
R

The'the point charge or free electrons and the
captured or bounded electrons behaves differently.

free electron

Deflected electron emits

] o yes
electromagnetic radiation

Spin of the electron

Interaction with magnetic field

Complies with
- yes
the laws of electromagnetism

The different behavior of the free and captured electrons further supports the
proposed phase transformation of the electron concluded from stability _

concerns.

Q

Kl 11.2.2: Garai FEFHRIEEE [A74, P22; A78, P261].

ENFEHF MR (SVYASA) REUEHIFT 0 ) Narayan Behera I\ 1 3 A A RN 7T I8 25
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PERITAZRE TR SR LE [A48, S.6.3). MhERHAHAMES: (1D MXHEE T %IRRT
AR THE; (2) BT ESRA] = b 7 AUSORL 75T, B2 = A i kL7 ] DL S A
HAEH, SEUA BT E M BT SCE, RO 5 505 A # 2 B 1 ik, A WKB
AR TR, 45 R ERBE T TR TR EZN LR,

FZE N Arayik Danghyan Chttps://exhlab.com) 25 [EAHXT 8 264 T B FA AF T EREE T
BRI T A B, WIAFTE-479.79 keV IIIREEZS, [-13.6 eV IR T 3.5 Jifis, SR T &M
/I 500 fir, S NEJR G SR F AT GRPUE, fESHZOR A RE My 4R, 0 R A
B LA73, P21)e ZIEBIMATIRATLE ICCF9 22ikid (1), DA IXELSE Meulenberg Fil Paillet — E 1%
R IRPUIER Y,

11.3. 25 FioRs £ R0 9 20

BN PR T3 /R 434 (11T Kanpur) f) Harishyam Kumar 38 F it B8 AL #E LENR, X2
ICCF23 XU RSB R4k el . A ATTIANAE B H 23 ) o e ik SEEL R0 T 4 569 0] DASE [ AR I
Bl [A37, S3.4). %%&TmMﬁ%MIa,mm%ﬁAﬁﬂww iR AN 2 PASEILRO T T
BEZHT R

MIT ¥ Peter Hagelstein 2k 220 7T HoAR G 2 [A86, S.8.1), HMHinm B EH =3 H 1. B
YT EBWOT. Hift. DofHe A5 A Dy*AHe 78 (LR 11.3.1). XK IR Z AL E T 5 5%
TR TE de\%m%A%VFM%ﬁ%§<mTE1H2 30, HR RN FEE X R
&Mﬁéﬁmﬁ%ﬁﬁ% BRIE %8 SR T, SSREUcReE — SO e T T &, Wiiae
GoRHE, RMBZIET .

Fusion and compact state model

optical phonon energy

plasmon energy
acoustic phonon energy
/ nuclear energy

_ﬁ(uaa +h(aaa +h(oaa +AMC—+LWC—

S S A
(@ ]d-E[®, )[?*T] (o d-E| 0, )[ : 7]

v
L -

D,/*He fusion transitions to
transitions compact D,* state

K] 11.3.1: Hagelstein #ii& Pd H D AR SFEMIG i E [A86, S.8.11.
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Nuclear molecules

* Proposed that nuclear molecules might be important for coherent dynamics last year
* Since then, many codes developed to study fission, fusion and static cluster models

* Conclusion is that reasonably stable nuclear molecules possible...

« ..as clusters that are essentially touching N B Vs 3

SRy P
s ° » = !."'/I/ \/ \‘\
- 2 A )
= | = Y
5 N 7 N .
-10 s
2
10
Diaz-Torres, A. and Wiescher, M., Characterizing the astrophysical S factor for 2C+'2C fusion with wave- » - 0 s o
packet dvnamics. Physical Review C. 97 (2018) 055802. z (fm)

K] 11.3.2: Hagelstein #iif Pd % FHIEZ G KM% 75T [A86, S.8.11.

120

Density of states
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80 |
60 |

40 |

o
D
20
80 1

° d. rﬂ—rjﬁ

0 20 40 60

number of molecules/MeV
energy (MeV)
00

00
0 —

excitation energy (MeV) “He
K] 11.3.3: Hagelstein iR 1 %5 Pd 7> T8 %E [A86, S.8.11.

HHERFLHEXM PR T &EEANYIZER R 72 IR SRR C R [A87,
S.8.2 ). MRHERZMRARAY, JRF AR E BN S TR IE LT IR AZ RN SE, IR AAE R AR LR AZ I S R T
B R SF G 7 AP SRR SR, IR 11.3.4 Fios. #5AT DURRE A A SR vk e 5 1 4% )
KRS HAME RS2 BLS, W FE 11.3.5 Firs.
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EQUATION: Smooth Connection @ Nuclear Surface for Resonance

k Cot[k ap] = —

. 1 1
k [kag- (2N + 1) & (Va+1) —=~= {
[? ( = Z A _J

0.E+00

- VA - 14y —1
(VA +1) —(1.22VA-0.469) x10'm
AT 50 100 A 150 200
S 60 | & 4.6888%10%3 -1.2223*10% 4 Y4
%R?=0.9949

atio

-3.E+14

-4.E+14

Hand Side of Eq

«-5.E+14

3/Ay = 1.13N — 0.46, 2-Step,
Resonance =se

-7.E+14

K 11.3.4: 22X RN RSV [A87, S.8.2].

Righ

100 L a

COMPARISON: Isotope Depletion Peaks
> 3/ANy = 1.14 N — 0.39, Miley. :

®
o

)
o
&

G
>

3
L

'y
1=}

3 2 : :
Ay = 1.13 N — 0.46, S P
z a 8 S apha Al/3
2-Step Resonance. r;“ o AN
B ;" ) i :" ;u;ﬂ
Ao (i/z + 1) -40 .," Le-’n
|

Si-28

-
=}

Target, Reactant, Not Product.

A3-.Law in Nuclear Transmutation of Ni-H

» 2 weeks. New Products were still ;|
L . Al/3 =1.1442 N - 0.3903 Eu-151 |
in H. If an Isotope was Interacting . | R? =0.9999
with Proton. It was the Target, and = ged

Bi f” i-
would be depleted. Any Depletion : .B'gL_B:ng, 5i-28
Peak gives Target A, for Resonance : k

o

2 3 N g4 5
B 11.3.5: ZEMr3EH Li. 28Si. 4Ge 1 15'Eu FERIG 518 —3 [A87, S.8.2).

1 5 2% B4 B 57K %20 VL Vysotskii 58 N4REEHARTAHKE (correlated-coherent states, CCS)
A [A60, P7). FLT ICCF23 HIHFFL, IXIRAHEFL p+7Li — 20 . S51842 500 eV [ 5E 1] 5
5T 1 AT SEILER R ) SN 28, Pl P AR 22 DURR B2 A0 SR A PR OB R S R R

11.4. BEEFFRFIS

EL A A4 57 2% 3% Philippe Hatt fiOEAS TG FliE ST T BT RERARNEZMHE
VE FAERE UL S I T B B BT B 45 A Re e [A49, S.6.4; A75, P23 ). MR T
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FAREIAM Monti [R.A. Monti 1996, Low-Energy Nuclear Reactions: Experimental Evidence for the
Alpha Extended Model of the Atom, J. New Energy, 1 (3): 131-144), %0 oki v, Ji1HiF -5,
AL AR 3 i & B kL1 R AH BLAE FE

EE NN AR D.S. Szumski [A88, S.8.3, P28) JLFEE T ICCF24 RN A, K
5 Sk —2.

fif 22 1) Kaal 250U N\ 20 4k 22 K J8 45 K4k J5 115754 ( Structured Atom Model, SAMDI A103,S.12.2].
HAZ O N R F ARSI R 2 R F A P& 5, R PSR FARNEES R T, ARk
HYNHAEERIFETZED, R, BN 2 hitp:/structuredatom.org..

Aleksandr Nikitin $2H T EEA BRI T [A76), HIEEAAFARAZ.

12. EARRE S

2/ A NAGE A AT S5 T

(1) Pd &K Jr-Do FEEHA 22 -Hy R G0 H B IR IE LE T#E SR ) HLJR [Storms, Celani

(2> Pd B SR SR [EE A, NASAGRC, Metzler, Hagelstein]

(3) EZ5HMNARERZ p+e+p—d+ve [Storms, Kasagil

(4 BAE GO WA GO dREER S HIUEM [Biberian, @t N, HAKRILKY:, mH
T, NASA GRC]

(50 & HRGHC, OFElE [HRILKRE, @A JCF23, 134, Winzeler, CRREL]

(6) Ti-D 24HES M AT [BARC, Vysotskiil, 1H NASA 7£ H 74 HERE & o R 0 3 A o

(7> Pd-H, #1774 3He [S-VYASAY, Fef-si < h 774 3H Ll K]

(8)  2Ne EFEFEREIME Y [HFY, —Rii2 R

(9 EEPEAERELLTIE R 1 ECH 20 bFkRE [USZ, Mileyl

(10> fFEN /77 Pd 825 5 & £ LENR LISI /NH F 4 A 57 il e 3455, LAET Lipson )52 5K /7 Pd-
DRSS R B

13. 458

RS2, ARESWHEERREMT: (1) Pd-D RERBEHMIELL S H AR HER; (2) Ni/Cu/CaO
% J2 TEAE HA I AT BRI R B AR vT DA —FPRT ORISR, EAREN; (3) &R BRI EFp B R
B MR NHIE T3 AR SR AR AR 2 S AT A B B2 ;s (4) LEC Al Egely f# 16 5822 %6 B il
NERERAZBEA T Re B AL A RS, ATk H BT B AN A SRAE R 5 e K L A ) B T 7K 35 5
(5) B KEEMKRITEETEARRB KA LENR H A AR R F420E, X 2egh
A HAE G RZ B, G B AT 204 B SIR 45 IR, IO FR E ST AR SEFIR AT AT
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