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1 Introduction \VP shall present here a n!vi<'w of the mrn-,1. important results obtaimxl in experinwuts with Ki and H perforuwd in the Jast decade. Furthennore. ·we repmt. t-he last. and more int-<•rest.ing evidence ou nudear reactions occuning in this i,,•ystem. In section 2 we exhibit the experimental setup and some exampks of the cell ,w ntiliz-t-xl. In the following sections we illustrate four main topics: hydrogen loading, rnwrgy production, ionizing radiation and <·lement transmutations. 
2 Experimental setup A schematic view of the experimental setup is shown in Fig. 1. O:mtinuous data at·quisition (voltagt:• and current suppli('<l to the ecJl heater, pre.'i8ure, temperatures) is perfo11ned by means of a PC equipped with a 12 hit National Inst-nnneut. interface card utilizing a Labview software. The vacuum sy!>t<•m consi.,;ts in a rotary pump and a turbomolecolar pump. In our experiments we utilized two different t,J1>es of cell. In the former (Fig. 2) thP sample has a rod geometry, while in the latt.<:>r (Fig. :J) the samples ha:v<"' a slab geometry. In Fig. 2 and in Fig. 3 arc also shown types and po.-;itiorIB of thi� temperatme sensors. Th<- samplt:8 were Ni (99.5%, purity) or Ni alloys. In the follo\viug. for the sa.k(• of simplicity, we presPnt es..<;entially tlw n,sults relative to the Ni samplei>. For more details concerning the experimental setup aud the ('<ills see rcfen�nct'ti [l] [2j [3]. 
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Figure 1: Experimental set-up. 
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Figurf' 2: Schemati<- sect.ion of the cell for rod-like sampfos. 

Dec-trical 
Conneehoas 



Figure 3: Schf'matic sect-ion of th<� cell for slab-like samples: Ti shmvs the po;itiou of the thermocouples. 
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Figure 4: A typical hydrogen loa<ling of a �mple. The e.xpeJ"iinental data can be tit.ted \Vifh an exponential law. The characteri:,i;ic time for this dll.ta set is r = Tl minutes. 
3 Hydrogen loading The hyclrogn1 loading in the nick('] is done inside a doS("<} wt>&•�el (the cell) kept at constant temperature (usually in thf' range 450-750 K) and at suhatm(k<\pheric pres.'iure (typically between .1 and l bar). Loading is measured by the pressure decreasing �ith time. In some cases onf' or more annealing cydes were performed previously. \Ve are not ablf.' to estimate the importarn·e of �·nch preliminary operations. The phenomenon appears to lw strongly emnplex but shows man�· interesting fnitures. A t:n,ical h_v<lrogen loading i_-, shown in Fig. 4. After a fast decreabing, the pressure goes a,-:;ymptotically to an eqnilihrimn value. Such a value depends on the sample history, as proved by the hysteresis cyde repo1i.ed in Fig. 5. Furthermore, the loading rat<• changes wid1 the equilibrium t,empt)rature a..."i shova1 in Fig. 6. One of the ku·ger and fru."i,{ff loading we ohtahl<'d. is shmvn in Fig. 7 [4]. bi this case, the measured rntio between H and Ni is (5.9± .8)10-:i, on assuming a hulk loading. Such au amom1t is about 70 timt.>s larger than Uie literature valm-$ !5} [6;. Similai· 
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Figun� 5: A pressure vs temperature plot. The cyde. shov.iug a H2 ahsortiou, was covered 
dock:wisc. Dot8 refer to equilibrium states. 
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Figure 6: Pressure vs t.imc (diamond'>) and Ki temperature vs time (line). The two curves 
e\idencc the dcpendcucc of t.hc hydrogen loading rat.e on the t.eJ11pe.rat.ure. 
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Figure 7: A prei,.'5ure vs timP plot at the same temperature showing a sPries of ahsorptious follo\\ing hydrogen rd:illiug. 
discnipancies have been already remarked by other authors [7] who evidenct><i the dependem·e of the experimmtal results on the hiswry of the samph-s. In fo<·t, in somi:' e.iq>erimeuts we al'><) obtained poor loading. Furthermore in rnre cases the loading was not ohtained. 
4 Energy production Our experimental eelL,;; c;m be described. from a thermodynamical point of \iew, as black boxes to wbieh a beater supplies an electric power up to 150 vV. As is ·well known, at the thermal equilibrium, the t<'mperahm>s of the external wall depend only on the power dissipated into tlw eell. from the thermal hath temperature and from th" exchange coefficient hetweeu tile wall and tht' thermal bath. This model is well verified if tht� internal hydrogen pressure is greater than 100 mbar1 as in our usual working conditions. The exchange coeffideut can he considered as a constant in a small temperatmT range, as shown by the experimental data.. In this way it is possible from the calibration curve (uT versus power), to deduce the total power amount dis..;;;ipatf'{l into the c-c11 by measuring the temperature difference between the cell extnnal wall and the t henna! bath. Thus. an eventual pow,�r excess can he meab·ured by the < liffereuce bct\veeu the total power and the supplied poW('f [lj !2}. 
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p [WJ Figure 8: External wall temperature (relative to the roo.m temperature) vs power. The lower curve is the calibration, while the upper points refer to a power production. 

Fig. 8 shows both a typical calibration cmve and another con-(>Sponding to an energy production. The comparison between the two curves allmvs us to t'stimate, iu this cas<>, a power excess of about. 18 \V. The general method of bringing a cdl from its normal state, described hy the calibration cun1�, to an excited state (\\-ith energy production) cousi-,ts in a perturbation of its thermodynamical parameters. Fig. 9 shows the time evolution of the temperatures of a cdl during a transition to t.he excited state induct'<i by a thermal jump. The two cells whid1 have produced energy for the longf'St time were active respectively for 278 and 3 19 days giving off !){)() MJ and 600 MJ. By considering the amount of Ni and H involved� snch quantity of energy cannot lw explained by chemkal processes. \Ve want t-o note here some important foatun'S of our system: a) tlw pos..-;ibility of changing the state of the eell from normal to excitf�i and 1rice '/Jersa. after t:lw first transition. This means that the process can he controlled. b) t.be cxi-;tence of sev<'ra] excited stationary statt>s and tlwir st.ability for long time pt•riods e) the existence of a thn:.shold temperature (about 4&0 K for the Ni-H 5)·stem) under which we were not able to uht.ain or to mantain the excittd stah' In our opi:uion. these features suggest a uon-Jiuear nature of tht' phc•nom<'uou which could he due to au auharmonic dfect that- dominates abovp the Dehj1·: temperature. 
5 Ionizing radiation The important. foature that. our system C'a11 he active for long time allowed m, a syst,�matk seard1 for ionizing radiation comiug from the ('.ell. Iu fact long fone monitoring allows one tn pm in ev:idenee, b ecause of a good statistics, afao imiall inteusity efft•cts an<l t.o inerea�w th<' probability t,o observe sporadic ,�mis.•dons which do not change the 
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Figure 9: .,\ sampl<' excitation performed with a temperature jump {Tc1(<>), Tc2(• ) ,  'fr:l(D) are tlw temperatures in the prnitions shown in Fig. 2). An inve1:sion benveen Tc2 and Tea can be obst>rvt�l. Such an effect is due to the extra powPr produced hy the nickel rod. 
macroscopic sta.tiou.ary state. vVe report here the experiment.al evidence of neutrons and gamma rays emission. 
5.1 Neutron measurements \Ve obtained a relatively strong neutron enlission only in a :;hort time period of about one month. Successively, iu the same experiment [8] [9]. we observed a smaller dfoct which lasted about three months. In th,i first. 1wriod, dmracterized h�' a spoutaneous increase of the cdl power, the n<'utron fhuc wa..-; high enough to allow the activation of a gold sheet. Th< .. gold she<•t was placed inside a paraffin box (for neutron thennaliza.tion) very dose to dw cell [9J . After some da_\'"8 thE' sh('('t was pla("('(l on a high purity germanium (HPGe) detector. Fig 10 sho\\-'S the characteristic 411 .8 ,-mys peak conliug from the Au198 decay process. By comparison with the effect, produced hy an Am-Be i-;(mrcc of known 8t-rength, we evaluated au emission yield of about 6000 neutrons/s. In the successive period an emis.<iion yield of ~ 2-5 ueutrous/s only was measured 19] . 
5.2 Ganrma-rays measurements In the last cxperimeBt.."l t.he setup was modifit�l by adding I dett�ctors. In particular wt .. used a Xal 4·' x4" detector and a HPGe dett�:tor monitoring t.l1e same cell. In three �,1cTt�ive experiments perfornwd with the cell shown in fig. :l, we ohsern><I for soID<' days an emission of -; -rays. Fig 1 1  which refers f.<• the tin,t ( of the three) experiment shows the existence of three peak.c.:; above tlw backf.,.•Totmd. Fig. 12  was obtained dming the S<><:ond experiment. From the analysis of the Nlil siwctra Wl' cstahfo,hed the following euergic-s for the thr�� peaks: E1 = 650 ± 40 keV, E2 = 1500 ± 50 keV. E;� = 2600 ± 60 keV. Furthermore the HPGe dewctor allows one t.o obtain a better 



3500 

3000 

qi 
2500 

2000 0 ' � 

-�J 1500 0 

1000 (a) 

�{b) 

500 J ��(c) 
� 

{d) 
0 

350 400 450 E [KeV] 500 
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Fig1u-e 1 1 :  First expt�rimeut: hac.kgronml and nw,\.<mred spectra. The background SJK"Ctnun 
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measurement of the energy of the first peak: E1 = 661 ± l keV. The most importa.ut features of the ; rndiat.ion in these experiments are the following: a) the ratio between the pPak iutensit,y change�, al-io in the s.:tmti <•xperimt>nt dm-ing the time. This behaviour indicates that the '}'-rays observed arise from different processes. h) The peaks were observed only for a narrow period (relative to the experimeut length) of the ord(•r of a month [3]. c) The int<�nsities of the peaks change abruptly in a time mueh less than 12000 s (our data acqnisition live time). 
6 Element transmutations At the end of each experiment Wt' sy:-,t.<'matically analyzed the sample smfaces hy using the scanning electron microscopt> (SE).1) equipped \\'ith energy dispersive X-ray (EDX) �ystem. These analy&:S a.re compared with t.host> peiformed on nickel samples from tlw :-;;une hatch and deaned in the same wa.v (refermwe samples). The two EDX spectra shown iu fig. 13 refor to different surfare regions of the same Hample. The first region (fig. 13a) remained unchanged <luring th<' treatment. proces..;; in tht• cell, while the secoud one (fig. 1�1h) is charnct<•rized by strong morphologica.l modifications. The presence in the second spectnun of several elements different from the nickel !121 is a furthe1· proof that nndea.r proe�es occmTed in the sample. Similar 
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results wen' been obtairwd. in electrolytic experiments, by other authors [13] (14]. The fiist two exp<!rimrnt,'> in which I emi�iou was detected ha.d different behaviour regarding the energy product.ion. In fact in the first t'xperimt'llt there was a macroscopic power production (P~20 \¥) .  w hkh did not occur in the seconJ one. Fig. 14 shmvs the EDX sp('<.·tra obtahwd from a reforenc-e sample and from the samples treated in t.hese two expeiimeuts. 'l11e two samples rcma.in('(l into the same cell in the same t.hennodinamk condit.ions and werf' prepared in the sam<· manner. :Moreover, the second one was kept into the cell for a Ioug(•r time (almost twice the first oue) .  Thus we can conclude that the presence of Cr and Mn could he strictly related to th<· power production and not a consPqueuce of contaminations. 
7 Conclusions Our experiments proof wit.bout any doubt t.Itat a) the hj·drogen loading into the nickel is much gre.ater than the literature va]ueK under our working conditions. b) the Ni-H system can produce an amount of energy not explinahle with chemical processes. c) the powN production can he ::,·witched on or off in a controlled way, d) nudear readions occur in die system. Finally we want to underline that we do not have any interpretation on the nudear diains occuning in our samples. \York i'> in progr<•ss to increase the experimentaJ data in order to identify the main of such dmins. 
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