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Confirmation of anomalous hydrogen generation by plasma electrolysis Tadahiko Mizuno, Tadashi Akimoto and Tadayoshi Ohmori Hokkaido University, Kita-ku Kita-13 Nishi-8, Sapporo 060-8628, Japan E-mail: [email protected] Abstract: Direct decomposition of water is very difficult in normal conditions. Hydrogen gas is usually obtained by the electrolysis. Pyrolysis decomposition of water occurs at high temperatures, starting at ~3000ºC. As we have already reported, anomalous hydrogen is sometimes generated during plasma electrolysis. Excess hydrogen usually appears once certain difficult conditions during high temperature glow discharge electrolysis are met. Here, we show that anomalous amounts of hydrogen and oxygen gas are generated during plasma electrolysis excess gas generation, presumably from pyrolysis. This is indirect proof that exceptionally high temperatures have been achieved. (Direct measurement of the reaction temperature has proved difficult.) Continuous generation of hydrogen above levels predicted by Faraday’s law is observed when temperature, current density, input voltage and electrode surface meet certain conditions. Although only a few observations of excess hydrogen gas production have been made, production is sometimes 80 times higher than normal Faradic electrolysis gas production. Key word: plasma electrolysis, hydrogen generation, current efficiency 1. Introduction We previously reported anomalous hydrogen generation during plasma electrolysis (1,2). Some researchers have attempted to replicate the phenomenon, but it is difficult to generate large excess hydrogen. Usually, the plasma state can be achieved fairly easily when voltage is increased to at least 140V at a high electrolyte temperature. Several researcher have tried to replicate tend to raise input voltage very high, to several hundred volts. But they have observed no excess hydrogen even at such high voltage, because they have not achieved the other conditions we specify. During plasma electrolysis, so much vapor and the hydrogen gas are released from the cell that it becomes difficult to determine the heat balance. Measuring the enthalpy of the effluent gas is particularly difficult and complicated, and it has not been done heretofore. It is even more challenging to measure enthalpy removed from the system in excess gas, but it is important to measure the power balance, to be sure one have replicated excess hydrogen, because without it one cannot expect excess hydrogen. The amount of hydrogen and the oxygen generated by electrolysis is based on Faraday's law. The volumes of these gases are 0.116 cc/C for hydrogen and 0.0581 cc/C for oxygen at standard conditions (3,4). The yield might exceed Faraday’s law at very high temperatures, exceeding 3000℃, when direct pyrolysis can occur. However, the estimated temperature of ordinary glow discharge plasma at 100V is lower than this. Glow discharge occurs when electrolysis is performed at high input voltage (100V or more) in an aqueous solution (5,6,7,8). A plasma forms, and a mixture of free hydrogen, oxygen and steam are formed on the surface



of the cathode electrode. The generation of hydrogen at levels exceeding Faraday’s law is observed when the conditions such as temperature, current density, input voltage and electrode surface are suitable (9,10,11,12). The precise conditions are still not known, and controlling these conditions is difficult, so only a few observations of excess hydrogen have been made (13,14,15). 2. Experiment 2.1 Electrolysis cell Figure 1 shows the schematic outline of the cell and measurement system (1,2). The cell, made of Pyrex glass, is 10 cm diameter and 17 cm in height, and 1000 cc in capacity. The cap is Teflon rubber, 7 cm diameter. The cap has several holes, three for platinum RTDs (Resistance Temperature Detectors) to measure electrolyte temperature, two for a coolant water tube inlet and outlet (described below), one to vent the oxygen from the anode, and a dome to capture hydrogen gas from the cathode (described below). 2.2 Capture and measurement of hydrogen gas The electrodes are isolated in separate partitions within the cell, to prevent oxygen from mixing with hydrogen. A dome or funnel-like quartz glass dome surrounds the cathode, extending below it. It is 5 cm in diameter, 12 cm in length. The effluent gas from the cathode — a mixture of hydrogen from electrolysis, hydrogen and oxygen from pyrolysis, and water vapor from the intense heat — is captured inside the funnel as it rises up to the surface of the electrolyte. Oxygen from electrolysis is generated at the anode, outside the funnel. The anode is a platinum mesh wrapped around the funnel. Bubbles of oxygen rise from the anode to the surface and leave the cell through a separate vent hole.
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Fig. 1: Detail of experimental set up.
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After the gas rises to the top of the funnel, it passes through a Teflon sleeve into a condenser. The water vapor condenses and falls back into the cell, and the hydrogen and oxygen continues through an 8-mm diameter Tigon tube and a gas flow meter (Kofloc Corp., model 3100, controller model CR-700). This is a thermal flow meter; the flow detection element is a heated tube. The minimum detectable flow rate is 0.001 cc/s, and the resolution is within 1%. The gas flow measurement system is interfaced to a data logger, which is attached to the computer. After passing through the flow meter, part of the gas stream is diverted into a quadra pole mass spectrometer. A small, constant volume of the gas, typically 0.001 cc/s, passes through a needle valve and is analyzed by a mass spectrometer. 2.3 Power efficiency measurement Two methods of power efficiency are performed simultaneously: flow and isoperibolic. Flow calorimetry is performed by circulating cooling water through a complicated circuit. The cooling water is tap water that begins by passing through a coiled copper tube immersed in a constant temperature bath. The cooling water then passes through a turbine flow meter (HEP-BATCHItrol II), and past the inlet temperature sensor RTD. From there, water goes through the outer chamber of the condenser above the cell. (Effluent gas from the cathode passes through the inner chamber. The water condenses and falls back into the cell, and the hydrogen gas continues on.) The cooling water tube then enters the cell to remove heat from the electrolyte solution. It is wound in a coil around the anode mesh and the funnel. The tube exits the cell, passes through the outlet temperature sensor RTD, and from there, it goes to the drain. Heat from both the condenser and the electrolyte is measured by comparing the inlet and outlet temperatures. Isoperibolic calorimetry is performed by monitoring the temperature of the electrolyte solution with three RTDs, which are widely separated and placed at different levels in the solution. The solution is mixed with a magnetic stirrer. The amount of the heat generation is estimated by combining the flow and isoperibolic data compared with the input electric power. The heat balance is still being investigated, and it will be described in a future paper. 2.4 Electrode and solution The electrode was tungsten wire, 1.5 mm in diameter and 15 cm in length, the upper 13 cm of the wire covered with shrinkable Teflon, and the bottom 2 cm acted as the electrode. The light water solution was made from high purity K2CO3 reagent at 0.2M concentration. 2.5 Power supply The power supply was a Takasago model EH1500H. Input power was calibrated for each five seconds and measured with a Yokogawa PZ4000 meter. The sampling time was 40μs, during which 100 kb of data is collected. 2.6 Data collection All data, including the flow rate of the cooling water, the temperature of the coolant at the inlet and outlet, the temperature at three locations in the cell and one location in the



thermostatic chamber, the input voltage, current, and the amount of the hydrogen gas generation were recorded by a data logger (Agilent Corp., 34970A), and a computer for each 5s. 3. Results A calibration is shown in Figure 3. The temperature, input voltage and current were shown in Figure 3A; the input voltage was 100 and 80V, the current was increased from 2.5 to 3.5A and the temperature stayed 80℃. Figure 3B shows the change in the amount of the hydrogen gas measured directly from hydrogen gas flow meter and the expected hydrogen flow from the electric current, based on Faraday’s law. Over the entire 1000-seconds run, the value obtained from flow meter and the Q-mass system, i.e. the current efficiency, was same with expected amount calculated according to Faraday’s law for the measured current. 1
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Fig. 3B: Two rates of hydrogen generation measured by flow meter and estimation from current during normal electrolysis in Figure 3A.
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Fig. 3A: Changes of input voltage, current and cell temperature for the calibration measurement.
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Fig. 3C: Current and power efficiencies under Figure 3A conditions.



The changes in current efficiency are calculated above for a two-value ratio (ε) of the hydrogen gas amount of flow meter and the input current, and in addition, the ratios of heat output to input electric power (power efficiency) are shown in Figure 3C. The power efficiency shows a small fluctuation of 93% ~ 103%, and the ε is 0.98~1.1 in this electrolysis condition. In the generated oxygen and vapor had not been detected and calculated in the measurement for the heat, other word, some of the heat may escape from the system. On the other hand, here, the larger value of ε as 1.1 comparing the theoretical one can be considered that some oxygen gas goes into the hydrogen collecting tube. One of the reasons of the leakage is caused from the structure of the open part of the bottom side; some of hydrogen gas escaped from the cathode room, on the other hand, oxygen gas does into the cathode room where the capturing pipe surrounding the cathode electrode and refuse into anode room of the cell caused from strong stirring by the magnetic element. It is understood that the recovery changes by the generation rate of gas and stirring because if the stirring was ceased then the value of recovery stayed at 100%. A typical result exceeding Faraday’s law is shown in Figure 4. In this case, the plasma electrolysis occurred at 2A/cm2 of input current at 120V and 80℃ in electrolyte temperature, as shown in Figure 4A. The rate ε is shown in Figure 4B. Here, ε exceeded unity when the plasma electrolysis started; the gas generation much increased with the input voltage.
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Fig. 4A: Input changes for electrolysis.
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Fig. 4B: Change in hydrogen generation.
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Fig. 4C: Change of current efficiency (ε).
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Fig. 4D: Change in power efficiency.



The power efficiency graphs (Figure 4B) show almost 100%. However, in the experiment, heat recovery for oxygen evolution was not measured. So, we can only conclude that partial power efficiency was close to 100%. In same graph, the current efficiency of hydrogen gas generation are shown; the efficiency reached 8 (that is, 800% of the expected Faradic value), and it continued during plasma electrolysis at 230 V. Faraday’s law predicts that 2440 cc should have been produced during the entire test run, but 5100 cc was measured (2662 cc excess). When we consider only hydrogen produced during periods when plasma formed, Faraday’s law predicts 905 cc, and the measured amount was 3240 cc (2335 cc excess; 2.6 times the predicted value). The relationship between current efficiency of hydrogen gas generation (ε) to voltage is shown in figure 5. Here, we can see that efficiency is strongly dependent on input voltage. Other parameters such as input current, duration time of the hydrogen generation and cell temperature do not show any strong correlation to ε.
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Fig. 5: Voltage dependency for efficiency.



100



150



Vol tage



200



250



10



4. Conclusions It is difficult to determine the exact relationship between the current efficiency, ε and other factors. However, the data strongly suggests that one of the key factors is the input voltage, as shown in Figure 5 of the εand V relationship. Here, it can be understand that the ε has a tendency of increase with input voltage. One point of ε value in the figure shows up to twice of the theoretical value of unity; the point was obtained by the result of plasma electrolysis. On the other hand, theε is remaining at unity for all of the other normal electrolysis. It can be predicted that that if the input voltage were increased to several hundred volts, then the ε would far exceed unity. References: (1) “Production of Heat during Plasma Electrolysis in Liquid", Tadahiko Mizuno, Tadayoshi Ohmori, Tadashi Akimoto, Akito Takahashi, Jpn J. Appl. Phys., Vol.39, No.10 (2000) 6055-6061. (2) “Neutron Evolution from a Palladium Electrode by Alternate Absorption Treatment of Deuterium and Hydrogen", Tadahiko Mizuno, Tadashi Akimoto, Tadayoshi Ohmori, Akito Takahashi, Hiroshi Yamada and Hiroo Numata, Jpn J. Appl. Phys, Part 2, No.9A/B, Vol.40 (2001) L989-L991. (3) “Creation of new energy by photocatalyst: Technology of clean hydrogen fuel production from solar light and water”, Arakawa, H., Reza Kenkyu Vol.25 (6), (1997) 425-430. (4) “Photo electrochemical hydrogen production”, Richard Rocheleau, Anupam Misra, Eric Miller, Proc., 1998 US-DOE, Hydrogen Program Review, NREL/CP-570-25315. (5) E. M. Drobyshevskii, Y. A. Dunaev and S. I. Rozov, Sov. Phys. Tech. Phys., Vol.18 (1973) 772 (6) V. M. Sokolov, Sov. Phys. Tech. Phys., Vol.29 (1984) 1112 (7) E. P. Koval'chuk, O. M. Yanchuk and O. V. Reshetnyak, Phys. Lett. A, Vol.189 (1994) 15 (8) E. M. Drobyshevskii, B. G. Zhukov, B. I. Reznikov and S. I. Rozov, Sov. Phys. Tech. Phys., Vol.22 (1977) 148 (9) A. Hickling and M. D. Ingram, Trans. Faraday Soc., Vol.60 (1964) 783 (10) A. Hickling, “Electrochemical processes in glow discharge at the gas-solution Interface”, Modern Aspects of Electrochemistry No.6, ed. by J. O’M. Bockris and B. E. Conway, Plenum Press New York (1971) 329-373 (11) S. K. Sengupta and O. P. Singh, J. Electroanal. Chem., Vol.301 (1991) 189 (12) S. K. Sengupta and O. P. Singh and A. K. Srivastava, J. Electrochem. Soc., Vol.145 (1998) 2209 (13) Jasnogorodski I. S., Elektrolytishes Harten, (1951) (14) Polakowski N. H., Met. Plogr., 67(1955) 98 (15) Shigeo Ohwaku and Kazuo Kuroyanagi, “Electrolytic Hardening-Immersion method report 1” Jpn. J. Met. Soc., 20 (1955) 63-70



Photographs



The cell used in this study.



Cell opened, showing electrodes.



























des documents recommandant













THE FOURTH STATE of MATTER (PLASMA) POWER GENERATION 

Nu Energy Horizons â€¢ PO Box 22 â€¢ Rumney, N.H. 03266. (603) 786- .... you will, into useful electrical power. ... â€œCosmic. Energyâ€� is the term that Le Bon used to define matter and energy as being one ... Within a few milliseconds the accumu-.










 








Generation of focused, nonspherically decaying pulses of ... - Exvacuo 

vacuo. The coherence and beaming of the radiation in question stem from ... magnetospheric charges and currents in these objects are of ... source in an empty and unbounded space are described by ..... not yet reached the limit, such a line intersect










 








Ferrites and Ferromagnetics Free Energy Generation - Exvacuo 

and it becomes obvious that this equation is the quotient of magnetic ... Its absolute value is if Vo is the ... parameters in (7) and can have larger value. Geometric.










 








Design of a low-temperature plasma reactor for plasma wall 

Detection of positive and negative ions, as well as neutrals ... H-atom fluxes ... such as lithium, boron, magnesium or calcium) targets located at the top and the ...










 








Energetics of Ferromagnetism by Leon Dragone - Exvacuo 

customary to describe the PM as if it were a solenoid ... Now suppose that we put this PM inside a coil as ... where is the inductance of the coil, is the current.










 








Confirmation Annulation 

Vous avez la possibilitÃ© de bÃ©nÃ©ficier d'une prise en charge par le Fif Pl (www.fifpl.fr). Comment s'inscrire ? Il vous suffit de complÃ©ter le bulletin d'inscription en ...










 








Generation of Miles Heath 

Item 1 - 19 - Ingram Seymour-Conway [1743-1822]. Maybe it was this first name of the marquess,. Francis, that made Dudley Stent imagine that the first name of ...










 








Hydrogen Bondingâ€”New Insights 

is about few parts per million and the anisotropy of the proton magnetic shielding can be ..... In crystal engineering, attempts have been made to design ..... Due to its firm theoretical footing in quantum mechanics, AIM can ...... 440â€“456, 2001.










 








Anomalous weakness of feldspar compared to quartz in deformed 

EGU General Assembly 2008 ... Anomalous weakness of feldspar compared to quartz in ... veal extreme weakness of feldspars compared to strong quartz.










 








fundamentals of plasma physics dbid hzd15 












 








confirmation de don - FMSQ 

MODE DE PAIEMENT. PAIEMENT PAR CARTE DE CRÃ‰DIT. Visa. MasterCard. NumÃ©ro de la carte de crÃ©dit : Nom du titulaire : Date d'expiration : Signature : ...










 








Plasma Stability 

comparison. Evaluation of Drug Plasma Stability Using an Ultra-High Throughput. Laser Diode Thermal Desorption (LDTD) Methodology. Ming-Chih D. Ho1, ...










 








Plasma - Para2000 

angles, only the wing fore part (some 60% of the chord) is producing lift, ..... really can confidently release the brakes and enjoy your flight. 17. USER MANUAL ...... 560 2705. 555 2680. 555 2270. 560 2310. 1510 635. 6. 575 2740. 570 2720.










 








Wagenaar (1972) Generation of random sequences by ... - CiteSeerX 

randomness is to have subjects generate random series. Unfortunately ... 2. The series are long enough to prevent complete memorization. 3. .... Bakan (1960).










 








Wagenaar (1972) Generation of random sequences by ... - CiteSeerX 

among experimental results, are presented in. Table 1. The number of alternative choices ranged from 2 to 26. It is likely that this difference in range is at .... calculate a power spectrum on the basis of the autocorrelation (Poppel, 1967). For the










 








National Aviation Reporting Center on Anomalous ... - PsiLand 

advancement of aviation safety issues as they apply to Unidentified. Aerial Phenomena (UAP). NARCAP is collecting data regarding aviation community reports.










 








Noise Generation Analysis of a Cylindrical Cavity by LES ... - CiteSeerX 

mechanisms, the intrinsic instability may be invoked has a candidate. ... Studied configuration, sensors position and illustration of the instantaneous flow field in ...










 








Noise Generation Analysis of a Cylindrical Cavity by LES ... - CiteSeerX 

... the pressure side of a wing during approach conditions (Mach numbers ranging from 0.1 to 0.3). ... may introduce self-sustained oscillations. By extension, the ...










 








CONFIRMATION DE COMMANDITE 

Paiement Par carte de crédit. Veuillez compléter cette section et la faire parvenir par la poste à l'adresse indiquée ci-haut ou par télécopieur au : 514 397-0654.










 








confirmation de don AWS 

Un Ã©vÃ©nement au profit de la. Fondation du Programme d'aide aux mÃ©decins du QuÃ©bec. CONFIRMATION DE DON. 13e Ã©dition â€¢ Lundi 23 juillet 2018 â€¢ Club de golf Pinegrove. DON Ã€ LA FONDATION DU PROGRAMME D'AIDE AUX MÃ‰DECINS DU QUÃ‰BEC. MONTANT 










 








Plasma Protein Profiling for Diagnosis of 

the convenient packaging of a low resolution, automated time-of-flight (TOF) mass spectrometer with ready-made. ''chips'' modified with different functional ...










 








SIMPLE MODELING AND CONTROL OF PLASMA CURRENT 

GIPSA-Lab, Automatic Control department ENSIEG, BP46 ... used for the diffusion coefficients and the sources terms of the PDEs ... p = knT, perfect gases law,.










 








GRAVITATIONAL MASS OF MAGNETOSTATIC ... - Exvacuo 

Jun 26, 1995 - of energy, even in far locations not in instant communication with the ... discussion by considering inertial mass, and then to generalize the ...










 








Investigation of Weber's Electrodynamics - Exvacuo 

A battery-powered relaxation oscillator consisting of a 5000 pF capacitor that charged slowly through a 2 megohm resistor and discharged suddenly through a ...










 














×
Report Confirmation of anomalous hydrogen generation by plasma ... - Exvacuo





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



