Electrolysis using nano-pulse power supply 
Background:

“A novel method of hydrogen generation by water electrolysis using

an ultra-short-pulse power supply” (Japan 2005)

It was discovered (invented) by a team of Japanese scientists and published in the 'Journal of Applied Electrochemistry' in 2006:

“ANALYSIS OF INDUCTIVE CURRENT PULSE DYNAMICS IN WATER

ELECTROLYSES CELL”
(4th World Hydrogen Technologies Convention, 2011, Glasgow, U.K.  Paper ID: 0103)
“Economical hydrogen production by electrolysis using nano pulsed DC” (India, 2012)
and was published in the 'International Journal of Energy and Environment (IJEE), Volume 3, Issue 1, 2012, pp.129-136'.
In the Indian tests, the nano-pulse method used only 3.2% of power required for DC electrolysis.

In other words, the overall power Duty Cycle was 3.2%!  (3.2% ON time, 96.8% OFF time)
That is a 31 times power reduction which is well worth investigating!!

Note, however, that when compared to optimum DC electrolysis, the power saving is less.
The 31 times refers ONLY to the tests done and reported in that Indian article as it was/is NOT a proper comparison to DC electrolysis with OPTIMUM electrolyte concentration and other factors!

Here is why:
In those tests by the Indian guys, two identical cells were used.
That means the electrolyte concentration in them were also the same.

To put it differently;  
Both had 4 grams of NaOH in a litre of water, thus the same pH and electrical conductivity.

But pure DC electrolysis requires a LOT more catalyst and thus have a LOT higher conductivity (less resistance).

[Usually, 20 - 25% catalyst (by weight) is added to the water.
That means 200 - 250 grams of catalyst (NaOH or KOH) to 1 litre of water.]

Compare that to the 4 grams used in BOTH test cells!
In other words, about 50 times MORE catalyst is needed for pure DC electrolysis to get any significant gas output!

Taken all the above into consideration, I have re-calculated the efficiency of the nano-pulse method,
comparing it to "Faraday" and the result is approximately  8 times "Faraday"!


The 'proof' for the above is simple:
For 1 litre/minute of HydrOxy to be generated in that experimental cell for the DC electrolysis, 
517 W of power must be supplied. 
Compare that to 129 W for 100% efficient, 'Faraday' DC electrolysis!
Since this is NOT “resonance” electrolysis, there is NO frequency dependency, NOR is there any drift from the optimum operating point!
The nano-pulse power supply design I am presenting here is based on ideas from the above documents and it is a driver for the IES circuit briefly described in the original Japanese document (2005) as well as in the 2012 experimental report from the Indian university.  (see above)

The basic idea is SIMPLE.

Ultra-short (200 nano second), frequency INDEPENDANT pulses are generated from a standard 12V DC power supply which are applied to the electrolyser.
To generate such pulses, the original circuit used a SITh (Static Induction Thyristor).

However, the SI Thyristor is still controlled by a MOSFET.

The IES (Inductive Energy Storage) unit is ESSENTIAL for its operation!

How it works
Referring to my circuit design:

When power is applied to the circuit, control MOSFET Q1 is turned ON.
“Opening switch” Q2 (SITh) is also turned ON, simply because it is a 'normally-ON' device!

Current is now flowing through Q1, Q2 and the transformer's primary, 'storing' a certain amount of energy in its magnetic field, depending on how long the current has been flowing.

The current level is adjusted by the ON-time of control MOSFET Q1.
In other words, when the current has reached the desired level, Q1 is turned OFF.

Now, “opening switch” Q2 must turn OFF very fast, in order to generate a sharp, short pulse!

The AMPLITUDE is a lot higher than the DC power supply voltage.

A very important thing to note here is that if we are to follow the 'spirit' of the original set-up of this discovery/invention, is to understand WHY two (2) 'switches' are being used!
Repeat: Q1 is used to “charge” the inductor and Q2 (opening switch) is generating the 200ns pulses.

At the moment Q1 turns OFF, Q2 (the opening switch) is still ON and current is flowing through the inductor.

That is why Q1 never 'see' the HIGH amplitude BEMF pulses which are generated AFTER Q1 has turned OFF!

This is the reason WHY Q1's voltage rating could be virtually as low as the power supply voltage!
Using some other device instead of a SIThy could present an unexpected 'problem'.

Other devices, a MOSFET in particular, may turn OFF too fast, NOT generating anywhere near 200ns wide pulses!

A SIThy, being physically large due to its high current and voltage ratings, has a LARGE bulk of semiconductor material.  

Logically, the sheer size and bulk of it needs much more time to deplete it of 'charge'.

A MOSFET, on the other hand, has MUCH less bulk and thus holds a lot less 'charge', which can be removed a lot quicker, resulting in a much shorter pulse.  (which may be too short!)
About the TVS diodes you see in the circuit, please note the following: 

Those TVS diodes are NOT cutting off the 'spikes' (pulses).
They are only cutting off the EXCESS above the maximum voltage ratings of MOSFETs.

Of course this is a compromise.  The IDEAL is NOT to cut off ANY but in real life,
all devices have a voltage limit.
If you exceed that, you can kiss your MOSFETs (and other components) 'good-by'! 
Everybody knows that.

The SIThy has a naturally HIGH breakdown voltage limit of 4kV - 6kV, depending on the type.
That is ONE of the reasons why they are ideal for this application.
But they don't work with a 12V power supply!

As for protecting the MOSFET driver (TC4420, which can only handle up to 20V, maximum!) you have only two choices.
A separate power supply for the driver, OR, protection devices (like the TVS diodes)


D2 also helps by blocking 'spikes' from entering the supply line.

The energy in the generated pulses from the primary winding are transferred to the secondary and are then applied to the electrolysis cell through D1. 

Experiments have revealed that “bombarding” the electrolyte even with very large number of 'ultra-short' pulses DIRECTLY, does not work, simply because they DO NOT contain enough energy!

After the ultra-short pulse is terminated, there is a 'tail' where current still flows (slowly) in the cell.
Note that this happens when power is no longer supplied by the power supply.
The magnitude of this 'tail' depends on several things.

[Electrolyte concentration (pH), IES inductance, pulse width/amplitude, etc.]

While my circuit diagram indicates an IRF640, (200V, 18A) Q1 could be virtually ANY power MOSFET with at least 60V and a few Amps current rating. 

Q2 is a SI Thyristor.  (or a substitute)

For a high power set-up, they may need a heath sink. 

The transformer's secondary drives the electrolyser cell, through D1 (MUR1560).

IC3 (TC4420) is a 6A MOSFET driver ensuring correct Gate pulse level and fast rise/fall times.

Pulses are generated by IC2C, a “half-monostable” (4584, Hex CMOS Schmitt trigger) which is an “edge trigger” circuit.

C3 (1n), R3 (1k), P2 (5k) and R4 (47k) set/adjusts the pulse time constant to about 0.24 – 3.5µs.

The “half-monostable” (IC2C) is triggered by the falling edges of the square wave supplied by the VCO in IC1 (4046 PLL).  

Since IC2C is inverting, it supplies positive going pulses to MOSFET driver IC3. 

The VCO in the 4046 can deliver fairly decent looking square waves to over 1MHz.

In this design, it is limited to 240 kHz and the minimum is set to approx. 2.1 kHz.

(These limits can be easily changed by altering the values of R1 and R2.) 

The 'Inhibit' (pin 5) is used to turn the VCO  ON/OFF and thus a power control for the electrolyser!

2 of the 5 remaining 'gates' (IC2A &B) in IC2 (4584) are used for ON/OFF control with either positive or negative polarity signals. 

Oscillator frequency (the number of pulses and thus the power level) is set by P1 (100k).

As indicated above, the oscillator frequency range is restricted to 2.1 kHz – 240kHz.

After the power requirements for the electrolysis cell has been established and the transformer's details worked out, set-up should be simple.

The desired maximum current flowing through the inductor (transformer primary) is monitored with an oscilloscope across R9 (0R1).

Maximum current is then set by adjusting the MOSFET drive pulse width with P2.  
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