
Overhaul of the ED-240 Pocket Plate Nickel Cadmium Battery Cell.
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Introduction

Like a lot of people we have become concerned about our ability to access 
resources in the future.  Consequently the wife and I resolved to invest in the 
means to produce our own resources.

I have had a long career working with delicate systems in extreme environments.  
During the construction of our home I used that experience to install an off grid 
photo-voltaic system.

My first battery system was a 600ah deep cycle lead acid bank.  At the time of 
purchase the batteries promised 3000 cycles at a 20% depth of discharge, or 
roughly 7 years of life span.

In less than eighteen months of production I started measuring a marked drop off 
in performance of the batteries.

This is how my education started.  Here are the facts about lead acid batteries.

1.)  Once you commission a lead acid cell you cannot service it beyond regular 
watering and equalization charging.  Electrolyte cannot be added to a cell once it
has been activated. If your battery boils out, spills, or runs dry it will have a 
diminished lifespan.

2.)  For every 15°F over 77°F you can cut the life span of the battery in half.  
If you operate a cell rated for 3000 cycles at an electrolyte temperature greater 
than 92°F your battery is estimated to fail within 1500 cycles.

3.)  A cycle is defined as a change from a charging state to a discharging state. 
If you operate an intermittent heavy load it is possible for there to be several 
"cycles" in the course of one 24 hour period. 

4.)  Any state of charge less than 100% causes sulfation which may be partially 
mitigated by equalization. Also known as intentional over charging.

5.) Overcharging causes the plates to shed material and in some cases deform. This
will lower the capacity, or kill the cell.

6.) Repeated discharges greater than 30% decrease the lifespan of the battery. 
Discharges beyond 50% can be life threatening.  Only the first 20% of energy 
stored in a lead acid bank is safely usable.

7.)  Charging batteries in parallel results in unequal charging, either 
overcharging or undercharging the parallel legs. 

8.)  Cells in series are only as strong as the weakest cell.  During charge, the 
stronger cells sulfate.  The weaker cells overcharge.

9.)  If a cell in a multi battery string goes bad you cannot just plug in a 
replacement battery. If you do, inequalities will cause some cells to over charge 
and some to sulfate.

These traits taken together mean that if a single cell in your system weakens or 
fails, You are facing a cascading loss of bank capacity and early replacement of 
the entire bank.



These facts prompted me to educate myself.  The bulk of this effort consisted of 
study in the history and physics of energy storage.  

A portion of my studies included fact checking and consensus gathering on the most
popular energy storage sites.

The choice of battery systems available to the individual is extremely narrow.  
The arena is limited to Lead, Lithium, and Nickel based systems.

Compared to Lead systems, Lithium systems have a smaller footprint, and better 
temperature tolerances.  

However, they require an additional separate layer of electronics, a battery 
management system, to function in a multi cell arrangement.  They are more 
expensive.  They suffer from more limitations of serviceability.

Nickel based systems have a long history as a leading storage medium throughout
the 20th century.

Nickel banks have a lower energy density.  They can be discharged to 100% DOD.  
There is no chemical equivalent of sulfation.  

In addition the cells are surprisingly tolerant of overcharging.  They are fully 
documented in gratifyingly long life spans. 

The chief complaint is the toxicity of Cadmium.  Which when taken in comparison is
on par with the other discussed chemistries. 

Last and most importantly Nickel based cells can be serviced.  They are routinely 
overhauled and reconditioned.

Based on my findings, we searched for a nickel battery system that was within our 
means.  

Newly manufactured cells are prohibitively expensive.  Manufacturers are callous 
to non governmental, non industry customers.  Used cells are extremely difficult 
to source.

After months of searching we did purchase a used Nickel Cadmium bank that was 
retired from rail service.

The following is a step by step set of instructions on how to overhaul a flooded 
Nickel Cadmium cell.



Givens

This is not for the beginner.  This procedure is hazardous.  You are solely 
responsible for your actions. 

Quality tools make life easier. Per cell record keeping is essential.  At every 
step record measurements and observations. 

Nickel and Cadmium are highly toxic substances.  Caustic Potash is very corrosive.
Use good gloves, a chemical apron with sleeves, face shield, and breathing mask. 

Electrolyte type for the ED-240 is E-13, 1.21 specific gravity, (sg), before 
filling.
 
2.68 liters of liquid electrolyte are required per ED-240 cell. 2.85 liters of low
carbon distilled water per 1 kilogram of dry electrolyte which makes 3.2 liters of
liquid electrolyte. 

Use only re-agent or technical grade Potassium Hydroxide, (KOH) and Lithium 
Hydroxide Mono-hydrate, (LiOH). Use only low carbon distilled water, (LCDW). 

One liter of electrolyte uses approximately 12 grams of LiOH, 32.16 grams per 
cell. One liter of electrolyte uses approximately 313 grams of KOH. 840 grams per 
cell.

Use only heat resistant plastic, glass, or stainless steel containers and 
implements. 

Always prevent exposure to air as much as possible for LiOH, KOH, mixed 
electrolyte, and the cell interior. 

All measurements should be made in reference to the battery terminals. 

Discharge the battery at a current equal to 10% of the 5-hour capacity (C/10 or 24
amps for the ED-240).  Do not allow the cell to go negative. 

A commissioning charge is 200% of the cell capacity at the C/10 rate.

A normal charge is 150% of the cell capacity at the C/10 rate.

The cell is fully charged when the voltage has stabilized over consecutive hourly 
readings under charge. The original specification is above 1.65vdc. The end charge
voltage may exceed 1.75vdc. 

The acceptable spread between cells in a serial string is .1vdc 

The closest cell oil equivalent to Chevron Utility Oil 22 is Chevron-Texaco 
Capella WF32 refrigerant oil.  A carbon-less, Napathenic oil with low viscosity. 
Capella WF64 is an identical oil with higher viscosity for tropical climates.

Just because the label says its distilled water does not mean that it is. Always 
perform PH tests for carbon, and EC tests for total dissolved solids.

Never store or operate Alkaline and Acid batteries in the same space.  Fumes will 
interact and damage one or both chemistries.  Maintain a separate set of tools for
each chemistry.

Carbon corruption of the electrolyte is the #1 reason for loss of performance.



Preparing Low Carbon Distilled Water. 

Distilled water, (DW), is an excellent solvent and absorbs carbon from the 
atmosphere. 

That in turn makes the DW acidic and is a source of carbonization to the 
electrolyte.  This can be measured with a standard pool PH test kit. 

In order to avoid this you must vigorously boil the DW to drive off the absorption
of carbon, then store it in an atmosphere free container. 

1.) Run raw water through a water filter to remove gross contamination.  An 
excellent device for this the British Berkfeld filter. 

2.) Run the filtered water through the distiller.  We used an AquaPure MD4. 
Distill into a heat resistant container and store sealed.



3.) PH test a sample of the DW.  Note the PH for that batch. 

4.) Boil the DW in a stainless 
steel container at a vigorous boil
for 15 minutes then pour into a 
storage vessel while still 
steaming.

Your low carbon distilled water, 
(LCDW), will quickly re-absorb 
carbon from the atmosphere.

Fill the vessel UP TO THE TOP.  
Hermetically seal the jar.  As the
LCDW cools it may vacuum seal. 

5.) PH test a batch sample before
using it.

Fresh DW out of the MD4 measured
in the PH range of 6.8 and under,
depending on the cleanliness of
the distiller.

The same batch of DW tested at a
PH of 7.8+ after 15 minutes at a
roiling boil.

6.) Never use a partially filled
bottle of LCDW. Re-boil partial
containers in the next boil
batch. 

7.) Keep your water processing equipment clean. 

Our filter required cleaning after 10 or so gallons of well water. 

The distiller requires draining after each run of processed water, as impurities 
are left in the tank by the distillation process. 

Once every 5 gallons of water we cleaned the unit by distilling a gallon of a weak
vinegar mix.  Multiple rinses and PH testing are necessary after cleaning. 

You do not want to neutralize your electrolyte with acidic distilled water.



Preparing Electrolyte per liter instructions. 

1.) During the procedure, limit as much as possible exposure to the atmosphere.

Put on your protective equipment.  Do your mixing on a non reactive surface.  We 
used a 4 mil plastic tarp. 

Use quality measuring equipment and calibrate it before use.



2.) Pour 1 liter of LCDW into your mixing chamber. 

3.) Add 12 grams of LiOH.
Stir until dissolved. 

The LiOH we had was a very
fine granulated powder.  It
became airborne very easily.
Turn off all of your air
moving equipment and let the
mixing area become still
before opening your LiOH
container. 
 
4.) Slowly add 313 grams of
KOH to the LCDW stirring
frequently until dissolved. 

Our KOH came in crystal
flakes.  When pouring KOH
some splashing occurred.  

Be prepared to neutralize and
clean this up. 

5.)  Once the apportioned
amounts are dissolved the
solution will heat.  Seal your
container. 

Our mixing chamber is built to
hold a vacuum.

We found that removing the
atmosphere from the container
immediately after mixing
caused the high vacuum oil in
the pump to absorb moisture.
This gave the pump oil a
"milky" appearance.  

We resolved the issue by installing an in line moisture filter fabricated from PVC
pipe and salt and frequent vacuum oil replacements.

It is advisable to preserve this vacuum for as long as possible.  Open your mixing
chamber only when you are ready to fill cells. 

6.) Using the measures above our mixes came out in the range of 1.220.



Preparing Concentrated Electrolyte 

Having a small amount of concentrated electrolyte on hand is useful when adjusting
electrolyte sg in the cell. 

1.) Pour 1 liter of LCDW into a heat proof seal-able container. 

2.) Slowly add approximately 24 grams of LiOH and 800 grams of KOH to the 
distilled water stirring frequently until dissolved.

3.) Pull a vacuum after mixing.

 

4.) Store vacuum sealed in a cool dark place.  Label as appropriate. 



Opening the Cell. 

The cell case is constructed from a blend of acrylic polymer, polysulfone, and 
polypropylene.  This material is very strong and highly resistant to chemicals.  
It can crack if over stressed. 

The adhesive bond between the cell top and case is brittle.  It is possible, using
a sharp wood chisel or similar implement, to transmit enough kinetic energy to the
adhesive bond to "fracture" it. 



1.)  We found that it is best to start on a corner of the cell and firmly but 
gently "crack" the adhesive seal.  Paul Bunyan or Thor need not apply.

  

2.)  Use a small screwdriver as a wedge to hold open the penetration.  This will 
let you insert the blade of the chisel more accurately, and it will put upward 
stress on the joint.

It cannot be stressed enough that you are not attempting to "cut" open the case. 
The chisel we used only functioned as a precise transmission mechanism for the 
energy we created with a hammer.  

3.)  Carefully walk your fracture around the case lid. 

After 10 or so cells we found that we could easily open a cell in under 5 minutes.



4.)  Once the case lid is free you can lift the cell contents out of the case in 
its entirety.  

We found that dried glue blobs obstructed removal of the cell contents.  It is 
frequently necessary to clear the extraction path prior to cell interior removal. 

5.) Briefly lift the plate stack and inspect it.  Is the plate stack rusty?

We had two caliber of cells in our bank.  Cells that were "red" or iron poisoned, 
and cells that were not.  

6.)  Re-seat the cell lid.  Use clear plastic packing tape to temporarily seal the
case. 

7.)  Prominently label the cell as opened. 



Preparing to Clean the Cell.

At this point you have no idea of the condition of the electrolyte or the plate 
stack.  Charging or discharging the cell may cause further damage to the cell.  
Replacing the electrolyte is strongly recommended before applying any electricity 
to the cell. 

1.)  Dump the existing electrolyte in the cell under test into a toxic storage 
bucket. Fill the cell with fresh electrolyte to 3/4” below the maximum line.

2.)  Perform a commissioning charge.  Make a detailed record of this.  It will 
become your baseline charge reference. 

We took precise by the second measurements of current and voltage input to the 
cell.  These two values allowed us to accurately track the power input.  

3.)  Discharge the cell until the voltage is 1.0 vdc.

Multiple cells in a parallel or serial configuration will interact with each other
during your tests.  This makes accurate diagnosis very difficult.  It is 
recommended that for the diagnostic cycles you limit your work to one cell at a 
time.

Calculate the real power dissipated from the cell.  It will become your baseline 
discharge reference.

Leave the cell on discharge until it is 0.03vdc or less.  Then short the cell 
posts together with a shorting strap for a minimum of four hours.  This will stop 
the chemical reaction between the plates during overhaul.  

At this point your ready to overhaul your cell.  

Cleaning the cell contents depends on what condition your plate stack is in.  Your
plate stack may be "iron poisoned" and is probably saturated with crud. 

If the plate stack is not rusty disassemble the cell and perform the "Cleaning the
Plate Stack" procedure.

If the cell stack is rusty then disassemble the cell and perform the "Electrolytic
Cleaning of the Plate Stack" procedure.  Note the warnings at the beginning of 
this section.



Manual Cleaning of the Cell.

During handling and cleaning use only NON CONDUCTING implements and containers.

In addition, extreme care must be taken to prevent your plates from being exposed 
to the atmosphere for any length of time. We operated with the assumption that 
more than 1 minute of "dry time" was unacceptable. 

While cleaning, we found it useful to place the cell in a staging bucket filled 
with LCDW.  We let the plates "rest" for a few minutes before continuing.

The cell plates are capped on the short ends by two plastic retaining trays.  Most
of the trays we inspected were damaged, cracked, and insanely brittle.  

The inner plates are separated by four plastic rods folded in two for each plate. 
We found that they were susceptible to losing their correct spacing.  

This spacing  is critical as it determines the thickness of the plate stack, which
influences your ability to re-assemble the cell.  

We solved this issue by fabricating a plate clamp out of PVC.

 



1.)  Pull the cell contents out of the cell case part of the way.  Install your 
spacing clamp.

2.) Remove the inner workings completely from the case and place it in a staging 
bucket.

3.) Pour the now corrupt electrolyte in the cell into a holding container.

Filter this fluid through paper towels, coffee filters, or tight woven cloth to 
clean it as much as possible.  We will use it in later steps.

4.) Remove the plate stack from the staging bucket and place it in your cleaning 
area.  We performed the step inside of a large rubberized basin to contain the 
contamination to a manageable area.

5.)  Using a low pressure tightly focused water spray and brushes, we cleaned the 
gross contamination from the underside of the cell lid, support posts, and between
the plates themselves.  Be careful not to displace the plate stack.  

6.)  Remove and clean out the cell vent cap.  Inspect, and replace as needed the 
gasket.  We fabricated ours out of rubber gasket material commonly available.
 
7.)  Take a non metal brush to the cell straps, posts, bolts, and nuts. Apply a 
thin layer of preservative to the cell exterior posts. 

8.)  Be sure to clean out any residue out of the adhesive channel on the case lid.
Trim off any excess so that you have a smooth, even mating face to both sides of 
your glue channel. 

9.)  Put everything that may have come in contact with the cell interior into a 
container designated for toxic waste.  We used seal-able 5 gallon buckets.



 

10.)  Place your cell contents in your LCDW staging bucket.



Cleaning the Cell Case.

1.)  Turn your attention to the cell case, using a spatula, push any contaminants 
into the electrolyte solution remaining in the cell case.  Carefully pour this 
soup into your toxic container. 

2.)  Repeatedly rinse the cell case interior. Pour the rinse water into your toxic
storage container. Once no electrolyte remains in the cell case scrub it clean 
with a de-greasing soapy water mixture.  Pour the  wash water into your toxic 
bucket. 

3.)  Rinse the case until it is free of contaminates.  Collect all of the rinse 
water into your toxic container. 



4.)  Set the case out to dry in a shady place. 
 



Once dry, mask off the fill marks and refresh them with a plastic adhering paint.

We found that epoxy spray paint reacts with the cell case material.  It can also 
leak through paper masking tape and mar the final finish of your case.  

We used clear plastic packing tape to mask with, paying particular attention to 
the corners of the mask as they are susceptible to bleed through. 



Cleaning the Plate Stack.

Initially we conducted a normal reconditioning process as outlined by Gabriel Coz 
in French patent No. 78 19744.  

After overhauling a number of cells a pattern was noted.  Invariably the residual 
contamination in the plate stack was sufficient to foul the new electrolyte.  

Subsequent cycles of electrolyte replacement, charge, and discharge would lower 

the measured potassium carbonate, (K2CO3), until it reached a stable minimum level.

This confirmed that the impurities were soluble and could be "flushed" out.

Through research and experimentation we found that a plate stack expels 
electrolyte during voltage rises, and takes up electrolyte during voltage 
discharges.

It is possible to effectively clean the plate stack with multiple flushes of a 
cleaning fluid.  

For economic reasons we used contaminated electrolyte and LCDW in a 1 to 1 mix to 
ensure conductivity.  A more effective cleaning process could be achieved by using
uncontaminated electrolyte in the cleaning fluid either in part or whole.

Titrate the Cleaning Fluid, (CF), before use to quantify the K2CO3 levels.

Your cell contents should be in a completely discharged state from step 4 of the 
"Preparing to Clean the Cell" section.

1.)  Reassemble the cell.  Remove the shorting strap.

2.)  Fill the cell with your CF and put the cell on a C/10 charge.  Monitor the 
cell closely for 30 minutes.  The CF should start furiously bubbling after just a 
few minutes.  This will cause the plate stack to expel contamination.

Note the layer of old cell oil and contaminants on top of the CF.



3.)  Pour off the now fouled CF, and immediately refill it with fresh CF.

4.)  Connect the cell to the dump load and discharge it at the C/10 rate for 30 
minutes.  This will cause the plate stack to uptake the relatively uncorrupted CF.

5.)  Put the cell back on a C/10 charge for an additional 30 minutes.  Titrate the

CF to determine how many grams of K2CO3 it contains.

6.)  Repeat steps 3 though 5 until you are unable to measure changes in K2CO3. 

7.)  Pour off the CF and replace it with fresh electrolyte.

8.)  Charge the cell at the C/10 rate to a total of 100% of OEM capacity.

9.)  Test the electrolyte. If the K2CO3 percentage exceeds 15% of electrolyte 
volume, the plate stack is still corrupted.  Perform additional flush cycles.

10.)  Once the electrolyte tests clean, adjust the density to match the operating 
environment.  Add 3/16ths inch of cell oil.

11.)  Continue to charge the cell to 300% of cell capacity.  Proceed to Step #3 in
the Reconditioning section.



Electrolytic Cleaning of the Plate Stack.

Be warned.  This procedure is a modification of work done by Edison at the turn of
the century.  The original work was performed on cell chemistries that were 
different than today’s cells.

Namely the original work was performed on Nickel Iron cells that were formulated 
with mercury.

There is no guarantee that this procedure will not permanently damage the cell. In
either the short or long term. 

It should only be performed as a last resort.

That being said,  Cells that are rusty are "iron poisoned".  This is considered a 
terminal condition for the cell.  It is possible to clean alkaline battery 
elements.  



The process involves driving current in a reverse direction through the plate 
stack to a conductor.

This causes heat to be generated. In addition hydrogen is developed in the plates.

These actions in a weak alkaline solution will clean the plates to a large degree.

1.) We constructed an Electrolytic Cleaning chamber, (E.C.). See the tools section
in the appendices. 

2.) Fill it with a solution consisting of 100 grams of KOH dissolved per 1 liter 
of LCDW, in sufficient quantity to cover all of the plates and 1/3 of the support 
posts.

3.) The goal is to make the plate stack negative, (cathode), and the stainless 
steel plates positive, (anode).  This will force current to flow from the power 
supply through plate stack into the cleaning solution to the stainless steel 
plates and back to the power supply.

4.)  We set our charger to supply 24 amps at the minimum voltage necessary.

Connect the negative lead of the charger to the positive post of the cell.  This 
post is also connected to the negative post with a shorting strap.  

Connect the positive lead of the charger to the buss that connects the anode 
plates.

5.)  The chamber in action will emit fumes.  Perform this in a well ventilated 
space.  

We covered our chamber with a section of 4 mil tarp held in place with an elastic 
band, and kept a fan on it to dissipate any gas leakage.



6.) Pack the outside of the chamber in an insulating material to maximize heat 
retention.  We used old carpet padding.



7.) We "slow cooked" the plate stack for a period of 30 hours.

8.)  A good portion of the cell contaminants are now suspended in the fluid.  They
will quickly re-contaminate your plate stack.

Power down and quickly move your cell contents from the E.C. to the vibratory 
cleaning bucket described in the next step.

9.)  Dump your cleaning solution into a toxic disposal bucket.  Disassemble and 
clean your electrolysis chamber.  Be sure to scrub off your anode plates.



Vibratory Cleaning of the Cell. 

1.) Construct a vibratory cleaning chamber.  See the tools section in the 
appendices.

2.)  Fill this chamber with LCDW and suspend your cell contents inside. 

3.)  Energize the cleaner.  Our chamber sat on top of a 1/4" foam pad to prevent 
it from "walking" around the shop due to vibration. 

4.)  We allowed our plates to sit in the cleaning chamber for 4 hours. 



Rinse the Cell Contents. 

1.)  Prepare a staging bucket with LCDW. 

2.)  Power down the vibratory cleaning chamber and move the cell contents into the
staging bucket.  

Dispose of your cleaning chamber contents.  Clean and re-fill it with LCDW for 
rinsing. 

3.)  Move your cell contents back into the rinsing chamber. Let the cell rinse for
1 hour.  Dispose of the staging area contents, clean and refill it with LCDW. 

4.)  Shut down your rinsing chamber.  Remove the cell contents from the rinsing 
chamber to a work area.  

5.)  Verify the placement and spacing of your plate stack.  

"Dry Time" is critical.  

Place the cell contents into your staging bucket. 

6.)  Gather anything that is contaminated into your toxic bucket. Scrub, rinse, 
and dry your tools.  Seal and dispose of accumulated waste appropriately. 



Before.



After.



Reassemble the cell. 

1.)  Once the cell has been finished you may reassemble it.  

Open your electrolyte mixing chamber, test sg and record. 

2.)  Remove the cell contents from your staging bucket and seat it into the case. 
Minimize your "dry time".  

3.)  Remove your shorting strap and carrying handle. 

4.)  Fill the cell with electrolyte to 3/4",(20mm), above minimum fill mark.  

5.)  Temporarily seal the case with clear plastic packing tape. 

6.)  Wait 24 hours, then test the cell sg.  

The sg reading will be different than in the mixing chamber.  LCDW from the 
rinsing process will dilute the electrolyte.  

7.)  Adjust the electrolyte to the temperature corrected sg that matches your 
operating environment.  

Allow 1 hour for the mix to equilibrate and test again.

8.) Once the electrolyte is correct add 3/16th of an inch of cell oil.



Reconditioning and Commissioning. 

Years of in production cycling cause a “phase” change in the Nickel plates of the 
cell.  This chemical shift causes a loss of cell performance.

This is incorrectly identified as Nickel Cadmium cell “memory”.

It is possible to reverse the phase shift with repeated overcharges and complete 
discharges.  A “reconditioning” cycle.  The number of cycles needed depends on the
state of the plates and electrolyte.

A significant amount of cell capacity can be recovered.

1.)  Perform a commissioning charge. Log the real power input to the cell. 

2.)  Four hours after the commissioning charge, fill the cell to 1/4" below the 
maximum level mark with temperature compensated electrolyte.

Wait one hour to equilibrate, then verify that the sg is correct.

3.)  Discharge the cell at the C/10 rate to 1.0 volts per cell.  Log the power 
dissipated by the load.

4.)  Drain each cell with a 1 ohm resister to less than 0.03 volts. 

5.)  Short each cell for a minimum of 4 hours 

6.)  Perform a commissioning charge.  Log and calculate the power. Adjust fluids.

7.) Titrate your electrolyte.  If the amount of carbonate exceeds 15% of the 
electrolyte volume, replace it.

8.)  Steps 1 → 7 are termed a “reconditioning and commissioning cycle”, (RAC).

9.)  Repeat the RAC cycle until the cell reaches and stabilizes at its maximum 
performance.

Note the values for each iteration and compare. 

Expect the cell to take five or six cycles before coming up to the real capacity. 

Using the original OEM specifications and your baseline measurements, calculate 
the loss or gain of capacity. 



Performance Testing.

We evaluated the results of our overhaul using two methods.  Total Storage 
Capacity and Charge Acceptance.  

Total storage capacity was judged by repeatedly overcharging the cell to greater 
than 200% OEM capacity.  Then discharging the cell at the C/10 rate until cutoff 
at 1.0 volts.

Total storage capacity tests quantify the upper end of the cell’s ability.  They 
do not, however, accurately gauge a cells performance in real-world terms.  

Rarely is it possible, using PV as a source,  to charge a bank to 200% or even 
100% of its rated capacity.

Charge acceptance is a measure of how easily energy is transferred into, and out 
of, the cell. 

In order to quantify improvement, if any, we modified the normal RAC cycle to 
include a number of cycles at rates that mimicked our operating environment.

Comparing multiple iterations of “normal” cycles allowed us to observe the changes
and measure the expected production of the cell.

To do this you need a very accurate understanding of your on-line charge/discharge
environment.  From a per cell perspective.

Our charge time is normally 8 to 9 hours a day. On an average day we produce 15Kwh
or 250 amp hours during a charge cycle.  This calculates to a charging current of 
approximately 7 amps per bank, (we have 4 banks), for that 8 hour charge period.

Our load is typically 150 amp hours over 14 hours.  This calculates to roughly 3 
amps draw per bank for that time period.

Observe your system and discover your characteristics. Build a dump load to mimic 
your typical load.  Adjust your charging source to match the nominal charging rate
per cell. 

Our test routine is as follows.

1.)  Perform a charge at your normal charge rate.

2.)  Discharge the cell at the normal loading rate to 1.0 volts per cell.

3.)  Log and record the results.

4.)  Continue to discharge the cell to less than 0.03vdc.  Then short the cell for
a minimum of 4 hours.

5.)  Steps 1 → 4 are termed a “charge acceptance test”, (CAT), cycle.

6.)  Alternate, starting with a RAC cycle, the RAC and CAT tests.

7.)  Repeat the alternating cycles until the cell reaches and stabilizes at its 
maximum performance.

Note the values for each iteration and compare.



Final Cleaning and Sealing the Cell 

Residual contamination may form in the cell during the reconditioning cycles.  

It is advisable to remove this before final sealing of the cell. 

1.)  Remove the temporary case seal. Raise the cell contents up enough to allow  
access into the interior while keeping the active area of the plates submerged in 
electrolyte. 

2.)  Use a non conductive implement to remove any residual contamination.  

We used a gloved finger with one use swipes of toilet paper.



3.)  Verify that your adhesive channel is clean and apply your adhesive to the top
of the cell case rim. 

We used standard PVC cement and a syringe to dispense it with. 

Care should be taken not to apply too much adhesive as it will compress off of the
cell rim and into the cell. Potentially contaminating the electrolyte.  

4.)  Pay particular attention to the final placement of the cell lid.

5.)  Inspect your seal with a magnifying device.  Fill any gaps in your seal. 

6.)  Allow the seal to cure for at least 24 hours, or  longer if your glue 
instructions require it. 



Put the cell On line 

1.)  Top off the cell with LCDW.

2.)  Arrange cells serial strings according to measured real capacity and 
acceptable voltage spread. 

3.)  If you are using a single rate charger it is recommended that the charge 
voltage be set as low as practically possible.  1.50 -> 1.65.

If you are using a multi rate charger, the values that we use are 1.65vdc per cell
for 5 hours of absorb,  1.43vdc for float.

You're finished.



Post overhaul observations.

The sample pool consists of cells which have been overhauled using both the 
washing or cooking procedures.  

The sample pool has been on line for more than one year before and after overhaul.

Electrolyte tests are periodically performed.

Capacity tests are performed routinely on random cells and referenced to pre and 
post overhaul values.

Those tests reveal no drastic changes in KOH / K2CO3 levels.  

Confirming that the contaminates in the cell have been removed.

Random testing and continuous in-situ monitoring show no meaningful changes in 
post overhaul cell capacity.

This suggests that the Nickel Iron cleaning or the LCDW washing procedures caused 
no ill effects to the cells.  

Time will be the final arbitrator.



Conclusions:

There are a number of ways to see the world we live in. The two most common are,

1.) The "coincidental" view.  Where the viewer believes their situation is a 
collage of unrelated events. Just random occurrences that shape the sphere that we
operate in.

2.) The "cause and effect" perspective. Where reality is examined in an attempt to
discern relationships and adapt to them.

These two approaches are not mutually exclusive. Humans apply both every minute of
their lives. 

Most people do an excellent job understanding how things are. But how many 
question why things are?

Why is the most promoted storage based on lead?  One of the most toxic substances 
known.  

Why is this in a design that can be accurately described as a "chemical house of 
cards?"

Why the punitive legislation on one chemistry and not the other?  Nickel, Lead, 
Cadmium, Antimony, Lithium all have very similar toxicity concerns.

Why the disparity in pricing? Production costs do not account for it.

Why am I able to do this?  I did not invent these methods.  I am not a chemical 
engineer. If anything I am an amateur detective, having only sifted clues out of 
existing texts.

Why is my bank still alive after a third of a century?

Most "experts" will proclaim lead acid is the most economical battery.  But for 
who?  The provider or the user?

The average age of our cells is 35 years.  Triple the typical lifespan of other 
chemistries.

The average capacity of the cells in our bank is 76% of the original 
specification.

The average cost of the overhaul, to include reasonable labor charges, is $96 per 
cell.

We consider this to be a resounding success.   In retrospect, I am reluctantly 
grateful for the harsh schooling. 

Thank you for your time.

Plataoplomo

http://www.youtube.com/watch?v=Y_8VwZ2oTlw
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Appendix B.  Data.
 

Cell # Mfg. Date
Mo./Yr.

Start
Capacity (Ah)

Start % OEM
Capacity

Highest
Capacity  (Ah)

End % OEM
Capacity

% Change Notes

2 0372 43.75 18.23% 190.45 79.35% 61.13%

4 0372 19.5 8.13% 146.35 60.98% 52.85%

5 0372 17.56 7.32% 160.32 66.80% 59.48%

7 0781 152.00 62.50%

8 0580 41.43 17.26% 173.25 72.19% 54.93%

9 0580 145.61 60.67%

10 0580 76.43 31.85% 207.36 86.40% 54.55%

11 0580 58.73 24.47% 173.51 72.30% 47.83%

12 0779 38.56 16.07% 188.33 78.47% 62.40%

13 0779 59.30 24.71% 174.04 72.52% 47.81%

14 0779 79.81 33.25% 187.14 77.98% 33.25%

15 0779 21.26 8.86% 159.97 66.65% 57.79%

19 0580 38.28 15.95% 155.09 64.62% 48.67% Iron Poisoned

20 0785 184.83 77.01%

21 0679 63.87 26.61% 119.49 49.78% 23.17%

23 0274 194.45 81.02% 229.04 95.43% 14.41%

24 1276 92.68 38.62% 237.13 98.81% 60.19%

25 0284 97.96 40.81% 209.59 87.32% 46.51%

29 0575 229.58 95.66%

30 0284 177.12 73.80% 206.65 86.10% 12.30%

36 0779 35.83 14.93% 192.46 80.19% 65.26%

38 0176 132.02 55.01% 266.2 110.92% 55.91%

40 0779 17.85 7.44% 118.78 49.49% 42.05% Iron Poisoned

42 0389 112.95 47.06% 164.97 68.74% 21.68%

45 0779 69.51 28.96% 237.87 99.11% 70.15%

46 0779 16.10 6.71% 117.06 48.77% 42.06% Iron Poisoned

48 0391 83.61 34.84% 136.02 56.68% 21.84%

49 0580 34.34 14.31% 175.87 73.27% 58.96% Iron Poisoned

50 0976 151.66 63.19% 201.30 83.88% 20.68%

53 0373 52.65 21.94% 218.74 91.14% 69.20%

56 0372 31.80 13.25% 181.06 75.44% 62.19%

58 0488 62.59 26.08% 182.91 76.20% 50.12%

60 0488 129.57 53.99% 136.93 57.05% 3.06%

61 0372 74.37 30.99% 241.48 100.62% 69.63%

62 0580 57.20 23.83% 231.07 96.29% 72.46%

63 0488 130.15 54.23% 140.10 58.37% 4.14%

64 0680 100.43 41.84% 184.43 76.84% 35%

69 0779 28.49 11.87% 143.00 59.58% 47.71% Iron Poisoned

70 0779 24.83 10.35% 110.55 46.06% 35.71%

71 1176 173.63 72.34%

73 0488 115.67 48.20% 198.68 82.78% 34.59%

74 0374 60.57 25.24% 261.91 109.13% 83.89%

77 0779 26.45 11.02% 120.83 50.35% 39.33% Iron Poisoned

78 0779 192.96 80.40% Iron Poisoned

80 0376 70.09 29.20% 168.41 70.17% 40.97%

81 0376 48.69 20.28% Iron Poisoned

83 0486 126.94 52.89% 167.75 69.90% 17.01%

92 0274 151.08 62.95% 170.63 71.10% 8.15%

93 0485 94.81 39.50% 213.17 88.82% 49.32%

94 0485 86.01 35.84% 154.20 64.25% 28.41%



95 0781 155.72 64.88% 167.02 69.59% 4.71%

99 0176 54.51 22.71% 117.65 49.02% 26.31% Iron Poisoned

102 0486 58.17 24.24% 157.14 65.48% 41.24%

104 0779 52.08 21.70% 170.55 71.06% 49.36%

107 0779 42.53 17.72% 239.69 99.87% 82.15%

109 0976 108.46 45.19% 202.85 84.52% 39.33%

111 0976 99.78 41.58% 190.50 79.38% 37.80%

112 0485 52.85 22.02% 152.57 63.57% 41.55%

114 0485 142.32 59.30%

116 0976 93.91 39.13% 216.05 90.02% 50.89%

117 0485 157.27 65.52%

122 0976 112.14 46.72% 194.60 81.08% 34.36%

123 0881 160.12 66.72% 221.52 92.30% 25.58%

125 0176 86.68 36.11% 162.25 67.61% 31.50%

127 0176 78.01 32.51% 177.42 73.93% 41.42%

128 0781 144.68 60.28% 216.23 90.10% 29.81%

129 0485 179.24 74.68% 222.68 92.78% 18.10%

134 0486 127.48 53.12% 139.01 57.92% 4.80%

135 0789 109.66 45.69% 128.50 53.54% 7.85%

136 0486 134.94 56.22% 158.66 66.11% 9.89%

138 0486 135.16 56.32% 132.83 55.35% -0.97%

139 1075 160.89 67.04% 170.28 70.95% 3.91%

140 0779 66.99 27.91% 202.80 84.50% 56.59%

141 0485 132.27 55.11% 146.86 61.19% 6.08%

155 0274 158.24 65.93%

156 0976 120.47 50.20% 274.34 114.31% 64.11%

162 0781 149.75 62.39%

165 0485 123.90 51.63% 162.21 67.59% 15.96%

166 0485 159.03 66.26% 193.65 80.69% 14.43%

167 0376 21.13 8.80% 117.66 49.03% 40.22% Iron Poisoned

168 0779 120.14 50.06% 138.78 57.83% 7.77%

 

Avg. Starting
Ah

Avg. Starting
% of OEM

Avg. Ending Ah Avg. Ending 
% of OEM

Avg.
Improvement

Totals 86.98 36.25% 176.08 76.36% 38.16%



Appendix C.  Product Specifications. 

Lithium hydroxide mono-hydrate - 99.995% trace metals basis 

CAS Number 1310-66-3 
Linear Formula LiOH · H2O 
EC Number 215-183-4 
MDL number MFCD00149772 
PubChem Substance ID 24868541 

Potassium hydroxide - reagent grade, 90%, flakes 

Synonym: Caustic potash 
CAS Number 1310-58-3 
Linear Formula KOH 
EC Number 215-181-3 
MDL number MFCD00003553 
PubChem Substance ID 24871930 

Chevron-Texaco Capella WF32 
  
Product Number 273273 
MSDS Number 23529 

Hydrochloric Acid, 1N Solution

Phenolphthalein pH indicator, 1% 

CAS No.: 77-09-8 

Methyl orange, 0.1% (w/v) Aqueous



Appendix D. Tools

1.) Titrating Buret

In order to understand the overhaul process,  knowing
the state of the electrolyte is a must.  This in
conjunction with accurate voltage and current
measurements paint a complete picture of your plate
stack. 

As with any testing, reproducibility is key.  A
Titrating Buret will make this process much less
troublesome.  

You can visualize the KOH levels dropping as the K2CO3
increases.  You can accurately measure the
contaminants being flushed out of your cells.

A quality Buret was one of the few items that we
could not produce ourselves, yet considered important
enough to spend money on.

That investment gave us the ability to accurately
dispense fluids.  We can now measure any number of
substances precisely.  From medicines to fuels.

We make our own HCl 1N solutions.  We  mix our own
indicator solutions.

This lowers the costs of cell testing significantly.



2.) Power Supply

We chose a Mastech HY7530EX DC power supply for our charger.  It is a 0 to 75vdc 
at 0 to 30 amps supply.  This is not the best power supply.  To be frank its 
regulation leaves something to be desired. We constantly found ourselves "homing 
in" on the particular current or voltage level we wanted.  

Because of our hot climate we installed two external pancake fans in a push / pull
arrangement powered by a separate wall wart supply.  In addition we taped on 
mosquito netting over the cooling vents to prevent Gecko ingress. 

Price was the deciding factor.  As always "you get what you pay for".  To its 
credit the Mastech did what we needed to and is still running.



3.)  Voltage and Current measuring.

Unless you like running to make, or missing measurements, then you need to 
automate the process of monitoring your cells.

We chose the TekPower TP4000ZC.  It has proven itself to be a fine device.  Not as
sturdy as a Fluke, or the venerable Simpson 260.  But quite serviceable none the 
less.

This meter interfaces via a two wire serial port on the front face.  That port has
a tendency to become loose after repeated use.  

Opening the meter and re-tensioning the plug is a fairly straight forward repair.

The TekPower interfaces with our system via a generic USB to Serial converter.



For software we used QtDMM for Debian loaded on an Ubuntu laptop.  QtDMM is 
excellent software.  It allows itself to run in multiple instances.  The author is
to be commended in the highest terms.



For gross in circuit current measuring  we used an Amprobe CT-600.  This clamp on 
AC/DC meter attachment proved to be accurate to within a half an amp with careful 
calibration.  

Its large capacity is extremely useful in the day to day monitoring and 
maintenance of our PV system.  

Fine current measurements were performed by fabricating purpose specific current 
shunts in accordance with well documented values.

All of the voltage and current measurement units were routinely verified against 
known good sources.



4.) Purpose built PVC tools.

We made several of our cell handling tools out of salvaged PVC pipe.  Handles, 
clamps, and spatula's. PVC will become malleable if you  gently heat it.  It can 
then be easily formed into what you need. 



5.)  Electrolytic Cleaning chamber

Using a chemical/heat resistant 5 gallon bucket, 5' of 8 ga. copper wire, and four
of the stainless steel cell block carrying handles we constructed an electrolysis 
cleaning chamber.





6.) Vibratory cleaning / rinsing chamber.

We constructed a vibratory bath by attaching an orbital sander to the side of a 
clean bucket. 



7.) Quality Scales.

Accurate measuring of your chemicals is essential.  We lost countless hours and 
wasted a lot of KOH fiddling with commonly available inaccurate scales. 

In the end we were forced to purchase two precision scales and a certified 
calibration weight.



8.) Electrolyte Handling tools.

We purchased a manual glass force pump to help us move electrolyte around.

For drawing samples we used a large plastic syringe. It should be noted that the 
electrolyte and cell oil will break down the rubber parts of a syringe.  You can 
extend the lifespan of your syringes by washing with a vinegar solution and 
rinsing with water after every use.



9.) Electrolyte mixing chamber.

We constructed a vacuum mixing chamber out of a gallon glass jar, a vacuum pump, 
and gauges / fittings from an air conditioning service manifold.





10.)  Dump load.

We constructed a load out of re-purposed window frames and wire that allowed a 
C/10, (24 amps on average), dump of power.



Appendix E.  Chemical Tests.

PH Testing.

Distilled water is rarely of neutral PH.  Performing tests with either acidic or 
alkaline DW will give you false results.  

Mixing electrolyte with acidic DW will weaken the capacity of your cell.  It is 
very important that you always verify the PH of the water you are using.

1.)  A common PH test for DW uses
Phenol Red indicator solution.  This
particular test uses 5 drops of Phenol
Red in the test volume.

2.) Clean your testing chamber before
use.  Be sure not to corrupt you DW
sample in handling.

3.)  Add the volume of water to be tested.
Add the appropriate number of indicator 
drops. Compare to the chart provided.

4.)  Record and track your test
results.



The Poor Boy's Titration Test.

It is possible to measure the Potassium Carbonate percentage in the cell.  This 
measurement is crucial as absorbed carbon has a direct bearing on the performance 
of the cell.

Tools and Consumables.

1.)  20 ml syringe  1 ea.
2.)  3 ml syringe   2 ea.
3.)  Small brown glass jar capable of holding 200 ml.  1 ea.
4.)  Small glass bottle capable of holding 100 ml with stopper.  1 ea.
5.)  Small glass bottle capable of holding 20 ml with stopper.  1 ea.
6.)  Small dropper bottle with very precise small tip and cap.  2 ea.
7.)  Quart mason jar with lid.  2 ea.
8.)  Small stable drinking glass.  1 ea.
9.)  Hydrochloric Acid, 1N .
10.)  Phenolphthalein pH indicator, 1%
11.)  Methyl orange, 0.1% (w/v) Aqueous
12.)  Distilled water with a PH value of 7.0
13.)  Roll of toilet paper.
14.)  Several sheets of clean white paper.



Preparation and general procedures.

1.)  The PH value of your DW can skew the results of this test.  You need DW that 
is value 7.0.

2.)  Label one of your 3 ml syringes "sample", the other "acid".  Label the 20 ml 
syringe "water".

3.) Label one of the quart mason jars as "waste", the other as "Distilled water".

4.) Label one of your small dropper bottles as "phenolphthalein", the other as 
"methyl orange".

Not all drops are created equal.  Drop size depends on the viscosity of the fluid 
being dispensed.  Accuracy in dispensing is greatly aided by having a small sharp 
dispensing tip of uniform size. You will need caps for these tips.

5.) Fill the DW mason jar with distilled water.  Keep it sealed when not in use.

6.) Fill the stable drinking glass half way with DW.  This is a syringe rinsing 
container.

7.) Fill your dropper bottles with a small amount of Phenolphthalein and Methyl 
Orange solutions respectively, and cap them.

8.) Fill your brown 200 ml glass bottle with "1NHCl" seal and label it.  Label the
smaller 20 ml glass bottle "sample".

9.) Every time you finish using a syringe, pull some DW from your rinsing glass 
and flush the syringe out into your waste jar.

Then pull some more DW in the syringe while not in use or storing.  It helps keep 
the rubber parts of the syringe working.

Every time you use a syringe be sure that it is empty.  

Every time you fill a syringe, compress it before entering the fluid to minimize 
air bubbles. Always tap out the air bubbles and adjust your fluid as accurately as
possible.

Our 3 ml syringes were in .5 ml major increments with .1 ml minor tick marks 
between the major ones.  

It is very helpful to know just how many drops it takes to make up a minor tick 
mark.  Fill the syringe with 1NHCl and count them.  10 drops to a minor tick mark 
means that each drop is .01 ml.

When you are measuring and get close to the color change, note the minor tick mark
and start counting drops until the change.  This dramatically increases accuracy.

H/T Bryan.

10.) The indicator color changes are dramatic.  They happen within just a few 
drops.  Go slow.  Drop by drop.

11.)  Do the work on clean white sheets of paper.  It makes visualizing the color 
changes easier.



Performing the test.

1.)  Use the sample syringe to pull 20 ml of oil free electrolyte from the cell 
under test.  Place this in your working sample bottle and cap it.  Use the sample 
syringe to pull 5 ml of clean electrolyte out of your working sample bottle.  Put 
that into your round titration jar.

2.)  Use the water syringe to add 50 ml of DW to your jar.

3.)  Add three drops of Phenolphthalein solution.  Your working sample will change
to a purple color. Cap your "P" solution.

4.)  Fill the acid syringe with 3 ml of 1NHCl from your working 1NHCl bottle.

5.)  Take the syringe in one hand and the testing jar in the other.  Swirl the 
working sample while adding 1NHCl drop by drop.  This will take multiple 3 ml 
syringes. Keep track of how many refills you needed.

6.)  Keep adding 1NHCl until the working solution turns clear.  Carefully measure 
the total acid you used.  This value is the "P" value.

You have just neutralized the KOH in the electrolyte sample.  For our electrolyte 
we normally needed six to eight syringes, (18 -> 24 ml), to neutralize the KOH.



7.)  Add four drops of Methyl Orange solution to your working sample.  It will 
change to a yellow color.  Cap your "M" solution.



8.)  Refill your acid syringe.  Slowly add acid until the solution turns "peach" 
in color.  It will not take much and the change is quick.  Go slowly.

9.)  Carefully record how much 1NHCl was needed to make this change.

10.)  Add this value to the "P" value.  The result is "M".

11.)  The formula is  ((M - P) * 2 / M) * 100 = percentage of carbon in one liter 
of electrolyte.

Example.

It took 6 syringes and 1.9 ml of the seventh syringe to clear the Phenolphthalein 
and neutralize the KOH.  

6 * 3 = 18,  18 + 1.9 = 19.9,  "P" = 19.9 ml of 1NHCl.

It took 1.6 ml of the next syringe to color change the Methyl Orange.

19.9 + 1.6 = 21.5 ml,  "M" = 21.5 ml of 1NHCl.

21.5 - 19.9 = 1.6,  1.6 * 2 = 3.2,  3.2 / 21.5 = 0.1488, 0.1488 * 100 = 14.88 % 
carbon in your electrolyte.



Calculating Electrolyte density using Titration Values

1.)  It is possible to ascertain with great accuracy the sg of your electrolyte 
using the values that you recorded from the titration test.

2.)  The formula is,

((P - (M - P)) * 56.1)/ 5 = grams KOH per liter of test fluid.

Using Table 2 you can look up your sg.

Example:

"P" = 19.9 ml of 1NHCl.

"M" = 21.5 ml of 1NHCl.

21.5 - 19.9 = 1.6

19.9 - 1.6 = 18.3

18.3 * 56.1 = 1026.63

1026.63 / 5 = 205.326 = 

205.326 grams KOH / liter
 

This value falls between a sg of 1.16
and 1.17 on the chart.

To calculate a higher precision find
the difference between 1.16 and 1.17.

212.03 - 198.38 = 13.65 grams
for the step change.

Or, 1.365 grams for each .001 on the
sg scale.

205.326 - 198.38 = 6.946 grams above
1.16.

6.946 / 1.365 = 5.154

5.154 / 1000 = .005154 (the amount we are above 1.16)

1.160 + .005154 = 1.165154

The calculated sg for the test cell in question is 1.165154.



Calculating Potassium Carbonate grams per liter using Titration Values.

1.)  Using Table #1 you can find the grams K2CO3 per liter of electrolyte.  

This is especially useful when evaluating cell health during washing or 
reconditioning.

2.)  The formula is (((M - P) * 2) * 69.1) / 5 = grams K2CO3 per liter.

Example:

"P" = 19.9 ml of 1NHCl.  

"M" = 21.5 ml of 1NHCl.

21.5 - 19.9 = .6

.6 * 2 = 1.2

1.2 * 69.1 = 82.92

82.92 / 5 = 16.584 gK2CO3/L



Mixing Electrolytes of different Specific Gravities.

** Note: Accurate mixing of electrolytes can only be accomplished on a fully 
filled and charged cell. **

1.)  There was a total cell electrolyte volume of 2700 ml.

2.)  You draw 500 ml of electrolyte out of your cell.  Measure it to be 1.165154 
sg.  200.326 gKOH/l.

3.)  You add 500 ml of concentrated electrolyte that is 1.3416 sg. 466.67 gKOH/l.

What is the resulting sg?

Example 1.

2200 * 200.557 = 441269.4 mgKOH total in cell.

500 * 466.67 = 233335 mgKOH total in added electrolyte.

441269.4 +  233335 = 674604.4 resulting mgKOH in 2700 ml of electrolyte.

674604.4 / 2700 = 249.853 gKOH in 1 liter of adjusted electrolyte.

Look in Table 2 and you will see that 253.94 (1.20 sg) - 239.90 (1.19 sg) = 14.04 grams KOH needed per 
liter of electrolyte to changed from 1.19 to 1.20

or

1.404 gKOH needed to change between 1.190 to 1.191 sg.

249.853 (gKOH in our mix) - 239.90 (gKOH needed to get to 1.190 sg) = our mix is 9.953 gKOH/l above 
1.190.

9.953 / 1.404 = 7.089

7.089 / 1000 = .007089

Our mix is at 1.197089 sg.

Example 2.

The mix in example #1 is high.  We want 1.184 sg for our location.  

So we remove part of our electrolyte and replace it with LCDW.

How much electrolyte to remove and replace?

Our total volume of electrolyte is 2700 ml.

We have 249.853 gKOH/l or 2.7 * 249.853 = 674.6031 gKOH currently in our cell.

We want 231.494  gKOH/l or 2.7 * 231.494 = 625.033.8 gKOH total in our cell.

674.6031 -  625.0338 = 49.5693 gKOH total needs to be removed from our cell and replaced with LCDW.

Our current mix is at 249.853 gKOH/l.  To remove a total of 49.5693 gKOH from the cell we need to 
remove

249.853 / 49.5693 = 5.0404

1000ml / 5.0404 = 198.3969 ml of electrolyte and replace that with LCDW.



Titrating water for carbon.

It is very useful to be able to quantify the carbon in your distilled water.

This can be accomplished by performing a “single” titration test of the fluid in 
question.

** Note: single titration tests are not as accurate as double titration's.  And 
should be treated with an appropriate amount of skepticism.**

1.) Place 50 ml of neutral PH distilled water in a beaker. This is A.

2.) Add several drops of phenolphthalein to the water

3.) Titrate with 1NKOH until it just turns pink. This amount, in ml, is B.

4.) The amount of base needed to turn the solution pink is related to the 
percentage of Carbon in the sample

The formula is,

(B x 1.2011)/(2 (A + B))



Synthesize “1N” Hydrochloric Acid (1NHCl).

Concentrated HCl is extremely dangerous. It boils off into toxic fumes when 
opened.

Use protective equipment and extreme care.  Be prepared to neutralize spills or 
burns.

Use only lab quality HCl.  Always add the acid into the water.  Never the water to
acid!

HCl is affected by heat and sunlight.  Store it in a cool dark space in dark glass
containers with acid resistant caps.  Concentrated HCl has a short shelf life.  
Don’t buy more than you can use in a year.

You need to know the concentration, molecular weight, and sg of your product 
batch.  This should be available from the vendor.

Our product is 37% concentration with a molecular weight of 36.46  at a 1.19 sg.  

To calculate how much to use, the formula is  1 liter = Mass / density,  

1l  = 36.46 / 1.19  = 30.630 mL of acid per liter in our concentrate.

To make the 1N solution you simply mix some of the concentrated acid into neutral 
PH distilled water.

To mix 1L of 1NHCl = 30.630 / 37% = 82.783 mL of concentrated HCl.

The total volume desired is 1000ml.  Subtract 82.783 from 1000 which equals 
917.216ml of DW.

To make 1000ml of 1NHCl mix 82.783ml of your concentrate into 917.216ml of water.



Example.

For these instructions we will mix 500ml of 1NHCl.  We used our buret to do this. 
Our buret is a 50ml device.  This required 9 fills of water for the buret.  One 
fill of acid. One small fill to complete the total volume.

The amounts are 41.404 ml of HCl.  458.596 ml of distilled water.

Clean, dry, and mount your titration buret.  Prepare your 7.0 PH distilled water. 
Prepare an appropriately sized dark glass bottle to dispense into.

Always close and secure all containers.  Be aware of how to read a miniscus.

1.)  Fill your buret with DW, and adjust it to zero.  Dispense this into your 
working bottle. Do this 3 times for a total volume of 150ml.

2.)  Carefully drain out all of the residual water in your buret.  Then fill it 
with your concentrated acid. Zero the acid volume.

We found that handling the 2.5 L bottle to be clumsy and dangerous.  So we pulled 
off approximately 100ml of acid into a smaller dark glass transfer container.

3.)  Carefully dispense the HCl into your working acid bottle until 41.404ml of 
HCl have been mixed into your 150ml of DW.

4.) Secure all of your acid.  Run a load of rinse DW through your buret into a 
waste container.

5.) Refill your buret and continue to meter out DW until you reach a final total 
volume of 500ml.

6.) Cap, secure, and clean.



Synthesize “1N” Potassium Hydroxide (1NKOH).

1.)  Take 0.1 mole of KOH (0.1 x 56.10564 grams) and divide it by the purity 
percentage of the KOH.

Example:

0.1 * 56.10564 = 5.610564 g (100% pure KOH) 

5.610564 / .955 = 5.874 (95.5% pure KOH)

2.)  Take 5.874 g of that potash flakes and dissolve it in 100 g of neutral PH 
distilled water. 

That makes approximately a 1N solution of KOH. 

** Note:  Since the potash flakes are 95.5% minimum Of KOH, there could be a 
maximum of a 4.5% error in the carbon content of your water. **

Synthesize Phenolphthalein aqueous 1% indicator solution.

1.)  Weigh 1.0g of Phenolphthalein powder.

2.)  Add this to 50ml 100% (or 95%) Ethanol and stir
well. Allow the powder to properly dissolve in Ethanol.

3.)  Now make up the volume to 100ml by adding
distilled water.

Note: Phenolphthalein is an organic compound.
Therefore, it has a very low solubility in water. 

However, it dissolves quite well in Ethanol. You might
observe a powdery residue if dissolved in 50% Ethanol.

Synthesize Methyl Orange 0.1% aqueous indicator solution.

1.)  Dissolve 0.1 g of methyl orange in 80 ml of
water and add sufficient ethanol (95 per cent) to
produce l00 ml.



Appendix F. Maintenance. 

1.) Electrolyte Levels

Abnormal water consumption is a sure sign that something is wrong. A properly 
charged/floated battery will consume between 1/16” and 1/8” of water per 30 day 
period. 

Here are some situations that may be encountered:

No water has been consumed for more than three months. 

The overall charging voltage is probably too low.  If the charging voltages were 
correct, there must be a loose connection in the battery circuit.

The battery uses a lot of water. 

Check when the last top-up occurred. Take ambient temperature during that period 
in consideration. Remember, a 20°F increase in temperature will more than double 
the water consumption. If the water consumption still appears excessive, the 
charging voltage must be too high.

The cells show great variation in water consumption. 

Remember that water consumption in a fully charged battery is directly related to 
the charging current. The same current should pass through all cells and cause 
even water consumption.

Any abnormalities, such as internal or external short circuits, would provide a 
bypass route for the current, and that particular cell would not consume any 
water. 

While a complete short circuit would eliminate water usage completely, a resistive
circuit would reduce the usage. Such conditions could occur from accumulation of 
dirt on the battery or fault conditions inside cells. 

Cells affected in this manner would normally display low cell voltage. See section
below.

Batteries that are often cycled will have more uneven water consumption than 
batteries on float charge. 

The reason is that on recharge some cells will reach full charge before others and
start gassing earlier. These cells will naturally lose the most water.

Always record the amount of water added to cells, i.e. 1 2”, 1 4”, etc.⁄ ⁄



2.) Battery Voltage

While NiCd batteries are very tolerant to variation in the charging voltage, 
correct charging is important. 

Water consumption will double with only a 3% increase in charging voltage. If the 
charging voltage is too low, the battery may not be fully charged.

If any individual cell voltage varies more than ± 0.02V (20mV) from the average 
cell voltage, some action should be taken. Generally, it is cells with low voltage
that are causing the problem. 

Several cells with low voltage may force other cell voltages to go high. If low 
cell voltages cannot be improved by cleaning or high rate charging, such cells 
should be replaced.

If a single cell is found with high voltage, check the cell connections.

3.) Dirt Accumulation

Dirty cells may divert the charging current and cause uneven charging as well as 
uneven water consumption. 

4.) Battery Testing

It is good practice to test batteries periodically. The following simple test may 
be carried out.

Check and record cell voltages with charging power applied. Switch the charger 
off. Check that the battery voltage is maintained well over minimum levels. If 
not, stop the test and turn the charger back on. The battery should be checked.

If the battery voltage is healthy, continue the test by applying loads. If the 
overall voltage drops close to the minimum level, check individual cell voltages. 

Any cell with extra low voltage (under 1.00 volt) should be marked for possible 
replacement.

If the battery voltage remains well over the minimum, continue the test for 10 to 
15 minutes. At the end of the test, with the load connected and the charger still 
off, check individual cell voltages as above. 

All individual cell voltages of the battery should be on the same voltage plane. 

If the cell voltages vary more than .020 volts after this discharge test, the 
charger settings should be raised 0.5 volt.

The battery should be on this elevated charge rate for 24 hours. After this 
charging cycle, visually inspect each cell for excessive gassing. Each cell should
display “a thousand tiny bubbles” floating on the layer of oil in each cell. 

If, after this 24 hour cycle, all cells are not gassing then continue this
elevated charging for an additional 24 hours. 

CAUTION: Make sure each cell is topped off. After the second charging period, 
cells that continue with low voltages should be marked for possible replacement.



Appendix G. Anecdotal Observations.

1.) Commissioning.

The NiCd bank arrived at sunset in the height of our tropical summer.  The 
delivery truck was a dilapidated box truck with no lights, failing brakes, and 
extra horns.

The cells arrived just in the nick of time.  Our PV system had been limping along 
for several weeks with the night time support of an external charger.



The delivery vehicle had no Tommy lift.  It took all night to break down the 
shipping crates in the truck, and clean up the mess created by spilled cells.



The next morning I picked 39 of the best looking cells and immediately put them on
line.

Throughout charging, the bank foamed and spit out all sorts of crap.  One cell in 
particular, (#21), vomited up green algae that was filled with insect cadavers.

I charged the bank, and used well water to top off with.  Of the 39 cells that 
went into service that day, 19 of them were low into the active plate area.

That initial string of cells carried my house load through the first night.  
Something that my deep cycle lead acid bank was incapable of.



The next day I put another string of cells in parallel with the first.  These 
cells were in visibly worse condition than the first bank;  they really coughed 
and puked.

The rest of that month I put a total of 160 cells in production.  Each morning 
before sunrise I would identify cells under 1.0 vdc and replace them with cells 
not yet on line.  This continued until I had 4 serial legs sorted by capacity.

Once the bank was organized,  I increased the string size to 41 cells with the 
best of the cells left.  This is my finalized configuration.

Bear in mind that throughout the effort, this storage system was in full 
production, supplying all of appliances, pumps, and household devices.

Less than a month later monsoon season descended upon us.  Looking back at the 
data logged by my weather station I see that in the 120 day wet season, we had 74 
days of diminished sun.  In the month of September we had a period of 15 
contiguous days of darkness.



That NiCd bank, obviously neglected for years before we received it,  did what a 
brand new larger-in-capacity lead acid bank could not.  

It soaked up every joule produced and faithfully delivered them upon request. 

It remains in production to this day. 



2.)  Cell #62 (05/80).

During assembly of string #3 I was called away to deal with some livestock issues.

I instructed the gentleman who was helping me, Arnel, to continue moving cells 
into a line until I got back.

Shortly after I began spelunking to relieve a breech birth for a suffering nanny 
goat, Arnel came running at ramming speed stammering that the bank was smoking.

With blood and amniotic fluid up to my elbows, I beat feet back to the system to 
find that Arnel in his enthusiasm had elected to connect the cells into the bank.

Arnel is a good man.  He's a hard working man with his heart in the right place.  
Unfortunately he does not understand electricity.

He neglected to double check his cell polarity before bolting down the post 
straps.  

When he placed the last strap it welded into place as the surrounding cells and 
the PV charging system discharged into the reversed #62.

I killed the system charging current, snatched up a hammer and pounded the cell 
strap free.

We took the next several hours attempting to quantify if any damage had been done,
and found no indications of it beyond the melted post supports and cell top.

#62 remained off line for 2 weeks until I replaced the cell top and supports with 
cannibalized parts.  It then went back into service.  It shows no ill effects.

The cell tested at 96% of OEM capacity.



3.)  Cell #30 - Rocky. (02/84).

This cell was found with 15 small creek stones in between and on top of the 
plates.  It is presumed that a disgruntled employee deliberately sabotaged this 
cell.

The cell was opened and cleaned.  The plates were electrolyte washed.  A normal 
reconditioning cycle was performed.

The cell recovered to 85% of OEM capacity.



4.) Cell #42 (07/89).

This cell was a slightly different model of cell.  It had individual plate 
separators and black plastic end liners inside the case.  

During disassembly a one inch segment of 12 gauge solid core wire was found 
between the plates.  It is presumed that this cell was deliberately sabotaged.

The plates were electrolyte washed.  A normal reconditioning cycle was performed.

The cell recovered to 69% of OEM capacity.



5.)  Community.

I spent three years interacting on the most popular energy forums.  I entered this
sub culture with a naive trust in the community's honesty and integrity.

I was shocked by the disdain heaped upon nickel chemistry and for the willful 
disregard of the physics surrounding each chemistry.

Critical observation shows that in every venue visited there exists a concerted 
effort to promote lead acid cells as the only option in energy storage.

There are identifiable players that spearhead this effort. They operate under 
similar credentials across multiple platforms.

They often employ devious tactics such as selectively removing or altering the 
public conversation, impersonation, and other format control techniques.

Individuals who challenge the "idea pump" are attacked and dismissed.  The 
questions they ask and points they make are misdirected, diluted, or deleted.  

In most instances these "gatekeepers" are enabled and protected by the site 
administration.  If you  blaspheme the "faith" then you risk being summarily 
expunged.

The effectiveness of this marketing team is astounding.  It is far beyond the 
wherewithal of a group of adolescents in the public library.  

Two or more individuals working in concert to achieve a goal that they also 
attempt to conceal is by definition a conspiracy. 

Whether it is fact or theory is the only question that remains.

In my opinion,  the energy storage industry is operating in a fashion that is 
eerily similar to the Phoebus cartel.  

This cooperative is "astroturfing" the public to favor an inferior more profitable
technology.  

This campaign is for the express benefit of a small group and to the detriment of 
the planet and the humanity as a whole. 

http://www.newscientist.com/article/mg21228354.500-revealed--the-capitalist-network-that-runs-the-world.html?full=true&print=true
https://en.wikipedia.org/wiki/Astroturfing
https://en.wikipedia.org/wiki/Phoebus_cartel
https://en.wikipedia.org/wiki/Gatekeeper
http://www.forum-software.org/news/03082012-techniques-dilution-misdirection-and-control-internet-forum

