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(57) Abstract: Controlled corrosion processes in the pro-

duction of lead acid batteries, wherein the processes utilize

one atmospheric glow discharge plasma (OAGDP) to gen-

Air erate etched and chemically altered grids to increase the
development of electrically conductive lead dioxide. The
process involves placing pasted or unpasted lead or lead al-
loy grids in a chamber having two plasma-generating elec-
trodes therein. A feed stream is directed into the chamber
and passes between the electrodes to develop a plasma at
atmospheric pressure. In the plasma, the components of the
feed stream break down into atomic and reactive species to
create a reactive environment. When the lead or lead alloy
grids are exposed the reactive environment, chemical reac-
o4 tions occur between the reactive species and the lead com-
ponents in the grids to chemically etch and remove con-

taminates from the grids, as well as form a uniform crys-

8- talline structure of lead nitrate across the grid surface,
which can react to form a layer of lead dioxide on the grid
-t surface.
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MANUFACTURE OF LEAD ACID BATTERIES UTILIZING CONTROLLED CORROSION PROCESSES

FIELD OF THE INVENTION

[0001] The present invention is directed to processes for improving the efficiency of

lead acid batteries, as well as for optimizing the manufacturing process therefor. The
method of the invention involves using one atmosphere glow discharge plasma
(OAGDP) during the manufacture of lead acid batteries to control corrosion processes
within the battery, as well as increase the wettability of treated surfaces within the
batteries, by forming a lead nitrate layer on lead or lead oxide grids grids and allowing
the nitrate to react with lead sulfate and water in a paste to form a coating of lead

dioxide the grids.

BACKGROUND

[0002] A battery is an energy storage device in which chemical energy is converted to
electrical energy via an electrolysis process utilizing a redox reaction. A redox
reaction is a chemical reaction in which one component is oxidized by losing
electrons, and another component is reduced by gaining electrons. The oxidation
reaction occurs at an anode, while the reduction reaction occurs at a cathode. Further,

the combination of an anode and a cathode separated by separator is known as a cell.

{0003] The development of the battery is often credited to Alessandro Volta. In his
“Voltaic Pile” experiment, Volta investigated the effects produced when different
metals are wetted with salt solutions. He stacked copper and zinc plates alternately
and placed a piece of cardboard soaked in salt solution between each plate. This
assembly generated an electrical spark when the two dissimilar metallic plates were
connected by an external conductor. Although not in a usable and practical form, it
demonstrated the electro motive force of dissimilar metals and thus was the basis of

the chemistry and future of batteries.
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[0004] Gaston Plante discovered and developed the lead acid battery in the 1860’s
based on Volta’s “Voltaic Pile.” Plante discovered that by using two lead plates in a
solution of sulfuric acid and repeatedly charging and discharging the assembly, he
could build up the power storing capability of the system by building thicker and
thicker layers of lead dioxide on the surface of the positive plate. The build up of the
“active material” on the surface of the positive plate was very time consuming and
thus not a practical means of bringing the assembly to a useable form. This discovery
demonstrated the rechargability of the lead acid battery as being its most

advantageous trait.

[0005] Camille Alphonse Faure further refined Plante’s basic lead acid battery by
using a pasted plate for faster lead dioxide formation. Faure made the paste by
generating lead oxide, PbO, and mixing it with water and sulfuric acid. He spread the
paste mixture over the surface of a lead plate and allowed it to dry. Faure then carried

out the Plante process of transforming the mixture to lead dioxide, PbO,.

[0006] The chemistry involved in the Faure approach was based on the observation
that when the Plante plates were discharged, the formed layers of lead dioxide were
transformed to lead sulfate. Faure’s idea was to apply a thick layer of the lead sulfate,
which is easily formed into lead oxide by the addition of sulfuric acid, thus providing
an artificial thick layer of a precursor material for the development of the desired lead
dioxide when the assembly was charged or formed. Although a dramatic decrease in
the time required for the formation of a thick layer of active material was seen, the
problem of active material retention on the surface of the flat lead plate was a major

problem that prevented practical use of Faure’s system.

[0007] To address the problems of the Faure system, namely the issue of active
material retention on the plate, Sellon, Volkmar, and Brush used a perforated plate to
assist in the adhesion of paste onto the plate surface. The use of the perforated plate
drastically decreased the time for formation of active material over the standard

Plante flat pure lead plate. Faure’s discovery, along with the perforated grid
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discovery, allowed mass production of lead acid batteries and their subsequent use in

many different applications.

[0008] The modern lead acid battery is still manufactured with these basic ideas and
is found in wide spread use in various applications for the chemical storage of
electrical energy. Stand by power as well as direct supply of electrical power for a

myriad of applications has lead to the present day 45 billion dollar world wide market.

[0009] As set forth above, the lead acid battery utilizes a repeated redox reaction
involving oxidation of lead by sulfuric acid at an anode and the reduction of lead
dioxide by sulfuric acid at a cathode. The fully charged battery design allows for the
development of a lead plate or electrode by a special process and the development of
another electrode consisting of primarily lead dioxide in a similar process with both
submerged in an electrolyte of sulfuric acid. The lead dioxide on the positive plate is
referred to as “positive active material (PAM),” and the pure lead on the negative
plate is referred to as “negative active material NAM).” The lead plate is mounted
adjacent to a lead dioxide plate with both plates being completely separated by a

porous dielectric material called a separator.

[0010] On discharge, the redox reaction is initiated. The lead electrode is oxidized
and supplies positive ions to the electrolyte, which renders the plate negative in
charge, and thus it is referred to as the negative post or negative terminal of the
battery. The lead dioxide electrode is reduced and supplies electrons to the
electrolyte, leaving the plate positive in charge and thus is referred to as the positive

post or positive terminal.
LEAD ANODE: Pb(s) + 503 (ag) +» PbSOy(s) +2¢~ ¢*=0356 V

LEAD DIOXIDE
CATHODE:PbOa(s) + 503 (ag) + 4H" +2¢™ « PbSO4(s) + 2H;0(l) ¢*=1685V
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[0011] When an external conductor is placed between the positive and negative poles
of the battery, an electrical bridge is established, which allows the chemical reactions
to take place. Several chemical reactions are initiated within the cell, thus
transferring electrons from the negative pole through the external conductor to the
positive pole. This allows the reaction at the negative pole to feed the reaction taking
place on the positive pole. As the redox reaction proceeds when the battery is
discharged, the lead and lead dioxide active materials on the negative and positive
plates, respectively, are both transformed into lead sulfate, PBSO,, with the
electrolyte being converted to water. If any one component proceeds through its
reaction and is fully transformed to a depleted state, the battery no longer provides an

electrical potential.

[0012] A primary advantage of the lead acid battery is its inherent ability to be
recharged by the application of a reverse potential on the terminals. During
recharging, the lead sulfate on the negative plate is converted back to lead, and the
lead sulfate on the positive plate is converted back to lead dioxide. In addition, the

water is converted back to sulfuric acid.

[0013] As can be seen by the chemical equations above, the electrical potential
between lead and sulfuric acid generates a total electrical potential of -0.356 volts,
and the electrical potential between lead dioxide and sulfuric acid develops a +1.685
volt potential. This assembly therefore develops a total overall potential between the
positive and negative posts of a cell of approximately 2 volts. In other words, this
two volt assembly is referred to as a “cell.” There can be any number of positive and
negative plate combinations, and the like plates are joined together to form just one

negative pole and just one positive pole.

[0014] Several cells can be joined together in series or in parallel, with the most
common practice being the joining of cells in series. This allows for the additive
voltage of each cell, and thus batteries of 2,4,6,8,10,12 volts etc, are possible,
depending on the final desired application. The thickness of the plates, surface area

of each plate, the amount of active material on each plate, and the number of plates
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are variables that a manufacturer can change to design the perfect battery for the end

use.

[0015] The active material on the pbsitive and negative plates is a very brittle material
and therefore must be supported by a skeletal frame that can withstand the corrosive
atmosphere inside the battery. The skeletal frame, which is credited to Sellon, is
typically a grid made of lead or lead alloy. The grid supports the active material by
having openings or pores located acfoss its entire surface. The active material is not
applied directed to the grid pores in a final state but is “formed” by a special

manufacturing process developed by Faure.

[0016] In addition to being the support system for the active material, the lead or lead
alloy grid is the current carrying frame work inside the battery assembly. The lead
acid battery grid is made of pure lead or lead alloy consisting of a base metal of lead
and various percentages of alloying elements, such as antimony, tin, silver, calcium,
etc., which are used to enhance the mechanical, electrical and corrosive resistive

characteristics of the grid for its intended service.

[0017] There are various methods of manufacture for battery grids, with the positive
and negative grids having different dimensional thicknesses and pore opening sizes
depending upon the manufacturers design. Methods of manufacture of the grid
include book mold casting, strip casting with subsequent expanded metal or punching
operations, all designed to deliver a skeletal grid with open pores for the future

application of the lead oxide/lead sulfate paste material.

[0018] The open areas of the grid provide support for the paste or active material
during production, as well as a retention means for the active material during the
battery use. The grid webbing, with the associated support of active material therein,
establishes an array chemical reaction sites across the entire surface of the grid. The
grid acts as the current collector and distributor in both discharge and charge modes.
The grid is subjected to a very harsh duty with the requirement of active material

structural support to withstand continual expansion and contraction of the active
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material during cyclical charge and discharge operations, as well as resistance to
vibration of the battery in is final service, all while submerged in a corrosive

environment.

[0019] To form the active material paste for application to the grid, small lead
particles, which are generated by atomization processes or through grinding
operations, are subjected to an atmosphere containing oxygen and moisture, thus
allowing the natural corrosion of the lead to the more stable lead oxide molecule with
a percentage of free lead or unoxidized lead. Lead oxide with the percentage of free
lead is the precursor material for the manufacture of the active material, lead and lead

dioxide.

[0020] Lead oxide is typically generated by milling two processes, namely ball mill or
Barton pot systems. Ball mill or Barton pot systems perform essentially the same
overall process, but each has significantly different modes of operation with resultant
differences in the oxide thus produced. The resultant material of each process is
essentially a powdered form of lead oxide with a small percentage, 20% typically, of
raw or free lead metal. Precise control of the operation specifications will determine
the particle size, acid adsorption, and free lead content, as well as other critical

process dependant variables that are closely monitored during production.

[0021] The Ball mill is considered a low temperature process due to the fact that this
process relies on mechanical fracturing and pulverizing processes of precisely sized
lead pellets in a tumbling drum to generate very fine particles of pure feed metal. The
fractured particles of lead are brought into contact with water and oxygen in a steady
flow of air where it is oxidized and subjected to further milling. When the particles
are small enough, they will be entrained into the system air stream where they are

carried to a dust collection system and further to a silo for storage.

[0022] The Barton pot method is considered a medium temperature process where
molten lead is dosed into a vessel in a steady liquid stream where a spinning paddle

makes contact with the moiten lead stream. This action disperses the molten lead in a
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spray within the inner chamber of the pot. The lead solidifies in the air and is
subjected to a fresh air stream similar to the ball mill thus allowing oxidation of the
raw lead to take place. As the lead particles are oxidized in the reactor pot, they are
mechanically milled by the mixer blades and thus reduced in size to enable their
capture by the proéess air stream for capture in a dust collection system similar to the

ball mill process.

[0023] In both systems, air is pulled through the relative chambers, and lead dust is
continuously pulverized into smaller particles until it is light enough to be carried out
of the chamber in the feed air stream to be collected in a dust collection system. The

powder is then stored for future use in mixing operations.

[0024] To form a paste, the lead oxide powder formed in the milling operation is
delivered to a specialized paste mixing system where it mixed with fixed quantities of
water and sulfuric acid to a certain consistency with certain compounds added to the
mix, depending on the use of the paste for a positive grid or a negative grid. When
forming a paste for a negative grid, the additive typically includes a flocks material to

affect the formed porosity of the negative active material.

[0025] The addition of sulfuric acid allows for the development of lead sulfate within
the paste matrix. The lead sulfate, when mixed, cured, and formed into active
material during a formation process, establishes a crystalline structure that will form
the additive mass crystalline structure of a final lead acid battery assembly. The
development of specific lead sulfate crystals in the mixing and propagation in curing
operations is critical to the establishment of properly formed lead dioxide for a

particular battery application.

[0026] The lead sulfates that are chemically formed during the paste-making
operation, depending on the conditions and additives used therein, are better defined
as being precursor salts of lead sulfate with tribasic structure of 3 PbOPbSO,H,0 or
3BS, which is a small needle-like form with a large overall surface area. The 3BS

form is a desirable precursor material for the development of alpha lead dioxide used
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in short burst high amperage applications, such as SLI or AGM batteries used in
cranking of internal combustion engines, for example. These batteries typically act as

standby power reservoirs and are only called upon for short bursts of energy.

[0027] Other applications that require the deep discharge of the cell would require a
tetra basic lead sulfate precursor material with its large crystalline structure and low
surface area. This is a very strong crystalline form that provides the precursor
material for the development of beta lead dioxide in the active material after
formation. This form provides strength and dufability for deep discharge or long
service life systems such as fork truck or telecommunications applications. The tetra
basic lead sulfate crystal has the form of 4PbOPbSO, and is commonly referred to as
4BS.

[0028] These particular forms of the lead sulfate salt in the paste is initiated in the
selection of the oxide milling process, ball mill or Barton pot, and established by the
mixing recipe and temperature and time. They are also propagated in the curing
process discussed below where the curing temperature and humidity cycle controls

the crystalline type, size and overall quantity in the final active mass.

[0029] After the paste is formed in the paste mixing system, the lead or lead alloy
grids are presented to a pasting machine either in a continuous strip or in individual
panels, two grids attached together, or as individual plates, which presses lead
oxide/lead sulfate paste into the surface of the grid. The pasting operation is critical
in that the means by which the paste is applied to the surface of the grid has a very
large impact on the overall integrity of the paste to grid contact integrity, initially as
mechanical adhesion forces are concerned and as a determinate of the overall integrity
of the electrical continuity of the final formed plate. Several very specialized pasting
systems have been developed to provide uniform coverage of the paste on both the
top and the bottom of the grid surface at the inner webbing or rib wall. In such
systems, the paste is typically applied on the top surface of the grid under pressure so
that the paste moves downwardly from the top surface toward the bottom surface.

While these systems allow for proper coverage of the topside of the grid, they provide
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less than uniform coverage on the bottom side of the grid. Orifice pasters are an
example of a fairly complex paster that is used to overcome this uneven paste
coverage. This operation yields a neatly packaged grid/paste combination ready for

curing and eventual assembly and formation.

[0030] A surface drying operation, referred to as a flash dryer, is located at the
discharge of the pasting operation and subjects the pasted plates to a short dwell of
high temperature air on the tops and bottom of the grid as each grid is carried through
an oven while lying on a flat belt conveyor. The system is designed to provide a
surface drying effect of the freshly pasted grids that enables the stacking of the plates

for processing in the curing operation to prevent plate sticking.

[0031] After pasting, the wet pasted plates are delivered to a controlled atmosphere
chamber that promotes the growth of paste matrix crystals, as well as ensures that the
paste is dried completely prior to cell assembly. Once the grids are joined with the
paste and the paste is cured and dried to an almost concrete like consistency, the paste
is rigidly held in the grid pores by mechanical forces and to some extent, by corrosion
caused by chemical reactions between the paste and the grid at interspersed sites at the
grid surface. The chemical bridges are not uniform and thus do not ensure electrical
continuity between the hard paste and the grid wall. Many additives and processing
techniques have been utilized to promote the establishment of uniform contact
between the paste and grid, but due to the location of naturally occurring lead oxide
on the surface of the grid, as well as contaminates that are found on the grid surface

from previous manufacturing operations, uniform continuity is all but impossible.

[0032] As stated previously, the curing operations are a primary means by which the
propagation of the desired crystalline structure in the active material matrix is
established and maintained. Precise control of the curing temperature and humidity as
well as the air flow within the chamber is critical to the composition of the final

product.

[0033] The curing operation also provides the proper atmosphere for the conversion
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of the free leads in the paste material to lead oxide and lead sulfate as process
continues. It has been thought that the conversion of free leads in the curing
operation serves as a means to promote proper grid to paste adhesion, among other
things, but recent studies have shown that this is not the as effective as desired.
Conversion of free leads does, however, assist in the establishment of active material
structural integrity, as well as promotes the development of desired chemical

morphology.

[0034] Once the grids are completely dried in the curing operation, special tabs are
placed on the top most section of each grid to enable the joining of common plates.
After the tabs are secured to the grids, the grids are assembled into battery cells. Each
battery cell comprises alternating positive and negative plates with a separator in
between. The separator is designed to enable ionic flow through the electrolyte and in
between the plates but prevents physical contact between the positive and negative
plates. If the plates contact each other during operation, the cell will short cycle

electrically and render the batter useless.

[0035] Once assembled in alternating positive and negative plates with a separator in
between, the common tabs of like potential plates are inserted into separated slots of a
plastic battery case. The case is designed to allow for the total number of cells as

described above that will provide the total voltage of the final assembly.

[0036] The assembled cells in the case are sent to the Cast on Strap operation or
“COS.” The strap is a resultant connection of like plates by melting the tabs of like
potential plates together to form a continuous connection between the negative plates
and a continuous connection between the positive plates in a given cell. This
operation is carried out without any short circuit between the negative bank of plates

and the positive bank of plates.

[0037] Each cell is then connected to one another by a lead conductor that joins the
opposing potential bank of plates in each cell to the opposite potential bank of plates
in the adjacent cell. This operation carried out by a through the partition welder. The
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outermost cells will have a positive terminal on one outer side and a negative terminal
on the opposite side of the case. This assembly allows for the additive cell voltages,
as described previously. A plastic lid is placed over the assembly with the positive
terminal and the negative terminal located on either end of the case being allowed to
protrude through the top of the case lid. The cell assmebly is sealed to the case by
melting the plastic case and case 1id at their contact points then pressing the two
together. Sealing of the case must ensure that the electrolyte in each cell is not
allowed to mix with the electrolyte in the adjacent cell. The strap is the current
carrying pathway and the means by which the individual cells are joined in series and

the battery terminal is mounted to allow connection to the external load.

[0038] The formation process is the key to the development of the final active
material on the plates and renders the battery operable. This process is based on the
original Plante method, as well as innovations developed by Sellon and others. Itis
the means by which the paste material is converted to active material on the lead or

lead alloy grids.

[0039] In the formation process, the electrolyte of a specific gravity designed to
promote proper formation of the active material is added to each cell. A special
charging system is connected to the positive and negative terminals, and current is
applied. The lead oxide/lead sulfate and negative expander paste on the negative grid
is converted to pure sponge lead with the lead /lead sulfate paste on the positive grid
being converted to pure lead dioxide. A fully charged battery consists of pure sponge
lead negative plate and a positive plate of lead dioxide with separator in between, all

submerged in an electrolyte of sulfuric acid.

[0040] Due entirely to the fact that the lead or lead alloy grids are made of a lead
metal, the natural affinity of this material is to immediately form a corrosion layer of
lead oxide over the entire surface of the grid when exposed to the atmosphere. The
grids also have surface contaminates from their manufacturing process, such as oils
and debris that collect across the surface, that increase surface resistance in the

assembled system. Lead oxide is an electrically resistive material, and the location of
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this material at such a critical junction point in the battery assembly leads to
detrimental operational characteristics of the system. Any resistive material or
contaminate will inhibit the establishment of a continuous electrical, chemical, and

mechanical bridge between the grid and active material.

[0041] Many different grid designs have been utilized to enhance active material
adhesion and retention on the grid surface. Many different curing profiles, paste
additives, and electrolyte formulas have been specified to promote the adhesion of the
active material to the grid surface, all with the intent to increase electrical
conductivity and mechanical and crystalline structural grip of the active material to

the grid surface.

[0042] The adhesion of the freshly applied paste to the surface of the grid is based
primarily on grid design and relies on mechanical gripping of the dried paste. It is
only after formation that uniform chemical bridges are established. As can be seen by
Faure’s plate not standing up to the rigors of the battery cycling, and thus the
shedding off of the pasted on active material, it is very obvious that the homogeneity
of the grid to active material interface is very weak and, in fact, is discontinuous on a

micro scale.

[0043] The paste material is composed of mainly lead oxide and lead sulfates, as well
as pure lead. Lead oxide and lead sulfate have a substantially higher electrical
resistivity compared to that of the lead or lead alloy grid and the formed active
material. As such, the initial resistance to electrical flow during the initial stages of
formation is very high across the grid to paste interface, as well as through the

unformed paste.

[0044] The formation of a lead acid battery active material is primarily dependant on
the ability of the positive plate assembly to convert the lead sulfate contained in the

hard paste matrix to lead dioxide during formation. When a new battery is connected
to the formation charging system, the applied current is designed to provide a certain

amperage and voltage that initiates the development of active material at the interface
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of the grid to unformed lead oxide/lead sulfate material interface. The active material
is lead dioxide on the positive plate and pure lead on the negative. It is at this
junction point that the active material is established initially and builds outwardly as
the formation process continues. The formation is complete when the entire mass of
material on the positive and negative plates is converted to lead dioxide on the
positive and sponge lead on the negative plates or converted to a point where further

charging does not lead to an increase in energy output of the final product.

[0045] The initial charging current is subject to extremely high resistance due to the
lead oxide surface layer, as well as surface contaminates being located in between the
grid and paste interface. The current must overcome this resistance and does so at
paths of least resistance wherever they may be across the entire surface of the
interface region. This means that preferential active material nucleation sites are
established where current is allowed to flow most readily, thus developing pockets of
converted active material at the grid surface. These pockets or spot locations of
newly converted active material decrease the resistance of the circuit at these
locations, which are widely spaced, and only where the electrical bridge is allowed to
be established. The formation of active material continues outwardly in radial
directions through the matrix until a direct path of active material is built to the outer

surface of the plate.

[0046] The prevention of uniform electrical conductivity across the entire grid to
paste interface yields very high formation power requirements and extremely high
formation temperatures. The lead sulfate and lead oxide in the paste are very poor
conductors of electrical current and must rely on the surrounding current conducting
material to be able to react with the electrolyte in order to be formed into active
material. Lead sulfate and lead oxide materials located at the interface of the grid to
paste regions that are not subject to proper electrical flow are under formed and

underutilized as current conductors and active material contributors.

[0047] During battery cycling and due to poor conversion of the paste material to

active material as caused by the limitations of available electrical conductivity at the
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grid to paste interface, the sulfate material is fetained within the matrix pores and at
the grid to active material interface. Electrolyte pathways become clogged, and thus
the electrolyte is not allowed to circulate. With the establishment of poor current flow
and the limitation of electrolyte flow, the conversion of lead sulfate to active material
is greatly inhibited. This strengthens the preferential electrical pathways and limits
the amount of active material available for usable work with in the matrix at an
increasing rate. It also promotes the retention of lead sulfate in pocket areas of the
active material mass that gradually hardens and become retained non-reactive regions.

This is the beginning of battery sulfation, which eventually leads to battery failure.

[0048] Excessive shedding of active material from the plate surface is promoted by
the lack of proper current conducting pathways from the grid to the outer surface of
the active material, thus allowing lead sulfate to be unconverted to active material on
recharge. Shedding of active material is not necessarily caused by the grid to active
material interface, but due to the lack of electrical continuity between the grid and
active material during subsequent charge and discharge cycles, unconverted lead
sulfate regions build in size over time. This causes continual weakness within the
active material matrix and a subsequent weakening of the retention strength of the

active material on the grid surface.

[0049] Differences in thermal expansion coefficients between the active material and
the grid, and the fact that the active material will expand and contract as the battery is
charged and discharge as it is transformed from one material structure to another, lead
to a cyclical rise and fall of mechanical stress energies at the points of contact at the
grid to active material interface. This causes a continual breakdown of the electrical
bridge in this region, which promotes shedding of active material and battery failure

over time.
[0050] As a result, the overall inefficiency of the system is quite large. The total

theoretical available power of the system is only partially utilized, 25% to 35 %, and

as such, much of the available active mass never provides useful work.
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[0051] To enhance the contact between the grid and active material for increased
formation efficiency, as well as increased battery life and operational efficiency, US
Patent No. 6,803,151 describes a process for coating the unpasted positive and
negative lead grid with a coating of lead dioxide. While the inclusion of a layer of
electrically conductive lead dioxide may be beneficial to the manufacture and
operation of the battery, the process disclosed in this patent requires the use of wet
chemistry and cumbersome and expensive processes. The patent does detail the

definite benefits of the final process, yet it is impractical in actual use.

[0052] Similarly, US patent no. 4,046,642 discloses the use of nitric acid as a part of
the electrolyte and as an additive to enhance the formation of active material at the
interface regions of the assembly. The released nitrate portion of dissolved lead
nitrate is released from the plates during formation and does not contribute to the
chemistry of the assembly and in fact does not adversely affect the operation of the
cell. This process requires a special formation process where the polarity of the plates
being formed must be reversed in order to activate the benefits of the process. It also
requires a change in standard operating procedures for the specific electrolyte
chemistry and thus is cumbersome to utilize based on the varied sizes of batteries in
production today. Anther distinct disadvantage is the need for the precise control of
the nitric acid levels in the electrolyte in order to prevent erratic and undesirable

crystal growth and possible short circuits in the cell.

[0053] As an alternative to the wet chemistry and complicated processes associated
with coating grids with lead dioxide and to the addition of nitric acid to the
electrolyte, it is more advantageous to treat the metallic surfaces of the grids. One
atmospheric glow discharge plasma (OAGDP) is a process comprised of a power
supply designed to provide a specific voltage at a specific frequency between two
insulated electrodes to allow the development of plasma at atmospheric pressures.
The plasma is unique in that it is developed at atmospheric pressure with no special

gasses required, as set fort in US patent no. 5,387,842, among others.

[0054] As early as 1857, as reported by Werner von Siemens, spark discharge or
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corona discharge phenomena has been studied for various applications with varying
degrees of success and application. It was not until modern technological advances in
electrical insulating materials, as well as advances in electronic circuitry, that enabled
a generation of a continual plasma field at atmospheric pressure. However, the use of
plasma as a means of providing a specific atmosphere containing reactive species for

the purpose of modifying or enhancing metallic surfaces has not yet been possible.

[0055] The basic OAGDP apparatus consists of two dielectric plates or electrodes

- that are precisely positioned opposite one another at a specific uniform distance. One

plate is connected to the positive side of a special electrical circuit and the other is
connected to ground. The electrical circuit delivers high voltage, high frequency
power to the positive electrode, thus allowing for a sustained and uniform plasma

field between the electrodes.

[0056] When a gas is delivered between the two electrodes, free electrons are
captured by the charged dielectric electrodes. Through the high frequency change in
polarity of the electrode charge, the electrons are forced to move at this same
frequency in between the plate surfaces. This action results in an electron avalanche,
thus generating the sustainable plasma field. When a feed gas is drawn in between
the plates, the molecules in the gas are bombarded by the free electrons in the plasma
field. This causes the molecular bonds in the molecules of the feed gas to be broken,
consequently generating highly reactive species of the atomic components of the feed

gas to be released into the gas stream.

[0057] The highly reactive metastable atomic species react very rapidly with each
other, as well as surfaces of materials they are subjected to both inside the plasma
field and on the discharge of the plasma field by the thus formed reactive gaseous
species. By utilizing the generated reactive gases and controlling their chemical make
up through the precise control of feed gases and materials prior to exposure in the
plasma field, it is possible to design chemical formulae to deliver desired chemical
reactions on exposed solid, liquid, and gaseous materials. These reactive discharge

gases react with other molecular compounds causing breakdown of these materials or
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the development of new materials on a surface or in the resultant gas stream.

[0058] Once a molecule is separated into its component atoms, the individual atoms
became very reactive with other atoms thus generated or with materials the reactive
species are allowed to come in contact with. Once a molecule is separated into its
component atomic particles in the OAGDP system, these particles rejoin in any
number of different molecular conﬁgﬁrations that can either generate stable molecular
forms or unstable atoms and molecules, such as atomic oxygen or ozone, O;, or other
super oxidizers, such as O, and O, if oxygen is the only feed gas or N, NO, or other
nitrogen containing molecules, if the feed gas is comprised of oxygen and nitrogen.
The addition of H,O in the form of atomized water entrained into the feed gas stream
adds hydrogen to the reactive mixture thus forming hydrogen, oxygen, and nitrogen
based materials. The addition of other gases such as CO, allows for the addition of
carbon to the mix with subsequent development of hydrogen, oxygen, nitrogen and

carbon based compounds.

[0059] It is when the generated gases are discharged from the plasma field that they
are allowed to recombine with other atomic molecules generated in the plasma field
to form other unstable or stable molecular bonds based on a hierarchy of reactions as
determined by several factors. The recombination of the reactive species generated in
the plasma field is time dependant with most of the highly reactive species
participating in a chemical reaction within a very short period of time, microseconds,
after leaving the plasma field. The gases can be used to perform certain tasks on
materials which are .brought into contact with the discharged gas stream. Depending
on the time allowed after the gases leave the plasma field, specific reactants can be

used to treat solid or liquid or even gaseous materials located outside the plasma field.

[0060] These reactive species will have an affinity to react with one another based on
the concentrations of the individual species primarily, as well as the temperature of
the atmosphere and the presence or absence of a catalyst. In general, there are four

basic reactions that can occur in the reactive atmosphere created by OAGDP:
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1) oxidation or the addition of an oxygen atom to another atom or molecule to
form an oxide or increase an existing oxide to a higher level oxide form;

2) reduction or the removal of an oxygen atom to reduce the material to a
lower form of the base oxide or form;

3) electron reduction; and

4) ionic decomposition.
The electron driven disassociation and ionization of the plasma constituents depend
on the material being acted on and drive the formation of reactive free radicals and
ionic species that are the primary mechanisms that attack the constituents of a gas,
liquid, or solid material on a molecular level and cause the process to deliver a desired

end result, such as surface etching of a material surface through oxidation.

[0061] The driving force for the reaction between the individual components of the
gas stream follows a second order reaction model. Consequently, the speed or
velocity of an individual reaction within the discharge gas stream and prior to contact
with the treatment material wili vary and is based on three basic factors:

1) the concentration of the various resultant atomic and molecular species,
which changes over time as reaction rates progress;

2) temperature; and

3) the presence or absence of a catalyst.

[0062] The presence of a catalyst will lower the activation energy for a given
reaction and thus enables a reaction to take place much more readily. The
concentration component relies upon reaction rates between individual reactants that
vary from the initial concentration to the final concentration of reactants based on
time. Obviously, the time allowed for reactions to occur will have an effect on the
exact concentration of available reactants. This means that the gaseous mass has an
evolving reaction rate. Therefore, the concentration contribution to the overall

reaction rate follows an evolving second order reaction scheme.

[0063] A second order reaction criteria is defined as V(speed of reaction) =k(CA @
a)(CB @ b)(CC @ ¢)...(CN @ n). (CX @ x) is the concentration of component X,

18



10

15

20

25

30

WO 2009/123758 PCT/US2009/002114

with x being the individual dependencies of V or time on the concentration of X. The
sum of atb+c...n is called the order of the reaction and is a concentration based

component of the reaction rate, and k is the rate constant.

[0064] The rate constant k = A(frequency factor)(Boltzmann factor). The frequency
factor is the fraction of molecules or atomic species that reaction criteria such as

collision frequency and or molecular orientation. The Boltzmann factor is defined as

¢ ~(-Ea/RT).

[0065] As indicated above, a majority of the reactive species generated in the plasma
field are subjected to chemical reactions that take place almost immediately at the
discharge of the field. It is the composition of the feed gas with the resultant
discharge stream of reactive gasses that can be manipulated to produce a reaction on
the surface of the treated material, the catalyst. It is this material that acts as a catalyst

on which the reactive gases react upon thus driving the desired end result.

[0066] The precise control of the process variables, as well as the feed stock materials
and their quantities, detenniﬁe exactly what the desired reactants will be. Due to the
high reactivity of the discharge gases, each atomic particle or reactive or non reactive
molecule will constantly be acted upon by other surrounding species with a multitude
of chemical reactions taking place. By selecting the desired resultant reactant and
utilizing proper system controls for the feed stock material as well as temperature and
humidity control of the reaction atmosphere, the resultant gas can now be formulated
to cause a particular reaction, such as etching, molecular nucleation, or crystal growth

on a material surface.

[0067] Thus, there is a need for a practical system for treating grids to enhance the
electrical conductivity across the entire grid to paste interface to increase the
formation of active material, enhance the contact between the grid and the active

material, and improve the efficiency of the battery.

SUMMARY
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[0068] The present invention is directed to controlled corrosion processes in the
production of lead acid batteries, wherein the processes utilize one atmospheric glow
discharge plasma (OAGDP) to generate etched and chemically altered grids to
increase the development of electrically conductive lead dioxide. The process
involves placing pasted or unpasted lead or lead alloy grids in a chamber having two
plasma-generating electrodes therein. A feed stream is directed into the chamber and
passes between the electrodes to develop a plasma at atmospheric pressure. In the
plasma, the components of the feed stream break down into atomic and reactive
species to create a reactive environment. When the lead or lead alloy grids are
exposed the reactive environment, chemical reactions occur between the reactive

species and the lead components in the grids.

[0069] By adjusting the composition of the feed stream, as well as other process
variables, such as relative humidity and temperature, the type of reaction between the
grids and the atmosphere can determined and controlled. Preferably, the feed stream
includes oxygen and nitrogen, which break down into various reactive species during
the OAGDP system. These reactive species form nitric acid, without the need for
complex equipment or external chemical other than air and water, which reacts with
the lead in the grids to form lead nitrate. The lead nitrate reacts with water and

sulfuric acid in the paste to form a lead dioxide coating on the grid.

[0070] As a result, there is no formation of high resistance lead oxide, and the
formation of active material and contact between the grid and active material is
greatly increased. Thus, the present invention makes it possible to reduce system
inefficiencies, while increasing the system operational efficiency of the batteries and
reducing warranty cost. The batteries manufactured pursuant to the controlled
corrosion process deliver more power and present a significant increase in product
utility. Further, the controlled corrosion processes increase the total power utility and
decrease the cost of manufacturing through significantly shorter formation times and

power consumption.

[0071] One of the primary benefits of the subject invention is to greatly affect the
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formation efficiency of the lead acid battery by enhancing and controlling the level of
corrosion or promoting the corrosion of the outer surface of the base lead or lead alloy
to develop a higher form of electrically conductive active material on both the
positive and negative raw grids at the interface regions of the battery assembly. The
disclosed invention also enables the establishment of very strong atomic bonds
between the grid surface and active material, thus providing better adhesion of active
material to the grid surface and increasing the electrical conductivity and electrolyte

flow at the interface.

[0072] In addition, the present invention provides for elimination of contaminates
and the naturally occurring lead oxide so that there is a dramatic increase in surface
area of the grid. The establishment of a precursory layer of lead dioxide across the
entire surface of the positive grid after pasting and formation and the establishment of
pure lead at the negative grid to sponge lead interface promotes a higher integrity
electrical bridge at all areas within the assembly. Consequently, the potential for the
build-up of retained lead sulfate areas is reduced and a higher degree of electrical
current and electrolyte flow to all areas of the active material as well as at the grid to

active material interface is enabled.

[0073] Further to the benefits listed above, the treatment of the raw grid surface by
the invention greatly affects the surface energy of the lead or lead alloy grid. By
increasing the surface energy on the grid surface, the wet paste, when it comes into
contact with the grid during pasting, has a higher degree of wettability. This
dramatically increases the surface contact area and increases the structural support of

the active material during the life of the battery. The wettability or surface energy of

" the lead or lead alloy grid is very low and as such, the wet paste does not readily flow

across the grid surface and into surface pores when analyzed on a micro scale. By
increasing the grip and promoting uniform electrical continuity of the paste to the
grid, problematic paste adhesion issues currently seen while using a stamped grid or
any other conventional grid type is greatly affected, and paste retention on the surface

of the grid is much more efficient.
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[0074] Another benefit of the disclosed invention is addressing the grid to active
material interface and providing a substantial increase in material adhesion or the
promotion of a homogeneous material bridge and the subsequent establishment of
increased electrical continuity in this critical area of the system. This process enables
the uniform establishment and growth molecular bonds between the grid and active
material, thus dramatically increasing electrical conductivity and active material

retention on the grid surface.

BRIEF DESCRIPTION OF THE DRAWINGS |

[0075] A better understandrng of the 1nvent10n will be had w1th reference to the |

attached drawmgs whereln

[0076] Frg 1 shows the 1omzatlon and actlvatlon of standard room air contammg

oxygen mtrogen and carbon d10x1de in atmospherlc plasma

[0077] F1g 2 shows electron and ion drlven constltuents drwmg ox1dat10n and ky
reductlon reactlons v1a electrophlhc and nucleophrhc attack agamst deoxyrrbonuclelc

acld y

[0078] Frg 3.is an X- -ray dlffractlon scan: of a gr1d treated Wlth the process of the

present 1nventlon and i

[0079] FIg. 4isa scann_ing electron micrograph of a grid treated with the process of

the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

[0080] The present invention involves controlled corrosion processes for the
production of lead acid batteries utilizing one atmospheric glow discharge plasma

(OAGDP) for the development of a reactive atmosphere to cause a desired chemical
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react1on on the surface of lead or lead alloy grids prior to pasting, as well as other like
treated materlals The newly developed surface material thus formed is thén
subjected to standard manufacturmg processes which cause the new surface treatment
to chemically transform to other desired chemlcal forms wh1ch prov1de precursor
mater1al for the development of a umformly drstrlbuted surface roughness as well as
a desued chemical surface materlal for the subsequent development of electrlcally E

conductlve chem1cal brldges for the enhanced operatlon of the lead acid battery

[0081] The OAGDP process creates hlghly react1ve spec1es of the molecules 1n a feed
air in atmosphenc plasma By controllmg the feed stock matenals and utlllzmg
spe01ﬁc system controls mcludmg temperature and humldlty of the reactlon v |
atmosphere the resultant gas of OAGDP can be formulated to cause a partlcular :
reactlon such as ox1dat10n reductlon electron reductlon and 1on1c decomposntlon
Fig. 2 shows electron and 1on dr1ven const1tuents dnvmg ox1dat10n and reductlon

reactlons 1nvolvmg deoxyrrbonuclexc ac1d Further the tlme of exposure can be

controlled to affect a lmear crystallme growth rate on a gr1d surface

[0082] The corrosion controlled processes ut111ze an OAGDP system w1th a-
specialized infeed gas and/or liquid which'i 1s atomlzed or evaporated prlor to exposure
of the resultant mixture to the OAGDP plasma field. Any given volume materials -
containing n1trogen oxygen and hydrogen in any number of dlfferent states of gas or
liquid can be feed material to the OAGDP plasma ﬁeld Further; wh1le the present -
1nvent10n is directed to the manufacture of lead acid batterles and components .
therefor, the corrosion controlled processes can be utlllzed in a multitude of dlfferent
applications where chemical reactions are desired for the development ofa speciﬁc |

end product.

[0083] With regard to the production of lead acid batteries, there are essentially two

separate processes that occur in the treatment process of the present invention:
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l) grid surface cleamng and etchmg of the naturally occurrmg lead ox1de

materlal and the removal of surface contammates and R '.

2) formatlon of ﬁnely drstrlbuted lead nltrate crystals across the entrre surface

of the lead or lead alloy grrd

[0084] The surface thus developed is then used as a surface protector durmg storage
of the grlds When the grrds are pasted the newly formed surface mater1a1 reacts w1th
the paste materlal components to chemlcally produce a new materral and surface iy

texture across the gnd surface ThlS newly formed surface materral further reacts

atmosphere in a mam processmg chamber portlon and subj ected to a negatrve

pressure of approxrmately ‘/z” WC he chamber may be open or closed o

: The lead plates can be dehvered m str1p form or as 1nd1v1dual plates and

the pasted plates can hkewrse be dellvered m strrp form or as 1nd1v1dua1 plates e

[0086 A feed stream mcludmg mtroge and oxygen is drawn 1nto the chamber
perox1de or other llquld that prov1des precursor materlal for the generatron of
reactlve spe01es durmg the OAGDP process The valve preferably allows for : an air
replacement rate of approxrmately 5% 1ns1de the chamber The chamber has a’
remrculatlon fan posmoned in such a way to contmually reclrculate the chamber a1r _ i

through a several plasma electrodes that are posmoned perpendlcular to the arr ﬂow.
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[0087] The electrodes are designed to provide very low air resistance but can be made
in any number of ways as long as the opposing electrodes are posrtloned at a finite
distance apart to prevent field concentrations of current. One electrode is a hrgh
voltage electrode covered with a drelectrrc matenal and the other electrode isa
grounded electrode having a metallic conductor with no 1nsulat10n Altematrvely, the
grounded electrode is either open to the atmosphere in the chamber or is touching or
imbedded into the surface of a conductive matenal causmg the conductrve materlal to
act as the grounded electrode The conduct1ve material can be a consumable or non- -
consumable material and can also be a liquid, sem1 solld or solid materlal The '
electrodes can be flat plates, tubes, insulated copper wire, or any other msulated
current conductor The relative hum1d1ty is monltored and controlled by the
atomization of water to allow for a partrcular relative humrdrty within the chamber at

all times during the process.'

[0088] As the a1r 1s crrculated through the electrodes as they generate a plasma the

a1r is blown down the srdes of the inner chamber and 1s released into the ma1n

. processmg chamber through srde drscharge slots that are pos1t1oned to allow a1r ﬂow )

and drstrlbutron 1ns1de the chamber The resultant act1vat10n of the atom1c spec1es in
the feed gas stream breaks down the specres 1nto component atomlc spec1es within the
plasma ﬁeld The dlscharge gaseous matenal will be comprlsed of various

comb1nat1ons of O, N, H N2, 02, 03, NO N202, NOZ, H202, NH3, HNO3, and HZO

[0089] As the surface of the lead or lead alloy grid are subjected to the reactive off .- x
gases of the plasma field, the surface contaminates and the naturally occurring layer
of lead oxide are chemically oxidized and etched and removed from the grid surface
by the reactive gases through electron reduction and ionic decomposition. The
exposure time is very short. It is the exposure of the raw base material, which in itself
is very reactive, that allows the efficient reaction between the developed nitric acid

(HNO,) in the gas stream and the base lead takes place.
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[0090] The nitric acid which is formed in the off gas stream, chemically reacts with

the lead surface by the following reaction:

Reactlve atomic mtrogen N, and reactive atomlc oxygen O are produced in the -

plasma atmosphere and combme to form nitrogen monox1de NO.

N1trogen monoxnde NO reacts w1th atomlc oxygen to produce mtrogen dlox1de o

NO;,_, as follows

2NO(g) + O, => 2NO,(g)

N1trogen dlox1de NOZ, reacts w1th water and oxygen 02, to produce nitric ac1d

(HNOs) as follows

4No2 (g) +. 2H2 ',(1) +0, __—=>:_',41HN03 .

Nitric acid reacts with the lead surface to form lead nitrate (PbNO,) by the following -
equation:: » | ‘ C S L

"HNO, + Pb=PbNO, +H

[0091] As set forth above the relatlve hum1d1ty is controlled by the atom1zat1on of
water at the infeed gas stream. The d1scharge gas. react1v1ty and chemlstry are dlrectly
affected with the reaction rate of the nitric acid produced thus being: controlled
precisely. Further, the atmosphere can be used in several ways but. pr1mar1ly isused:
to subject a materlal to the reactive gases dellvered by the process to cause a chemical
reaction on the surface of the treated material. Upon completion of the OAGDP :
treatment, the plasma source is turned off and the charnber air is evacuated to remove
all process air and allow for fresh air to fill the chamber. Lastly, the treated grids are

removed from the chamber.
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[0092] The primary benefit of this reaction and process is that the newly developed
lead nitrate surface on the lead grid provides a protectlve layer across the entire
surface of the lead grid which is a very stable and prevents the establishment of lead
oxide on the surface of the grid during long term storage. Further as that lead reacts
very readily with nitric acid to form lead nitrate, lead ions are provrded by the grid
surface thus etching the surface and allowmg for a significant i increase 1n surface area
and roughness to promote the adhesron of applied lead oxide mater1al in downstream
operatlons The uniformly formed lead mtrate crystals are later drssolved after the
appllcatlon of the paste thus yreldmg the evenly drspersed surface roughness in the
form of sharp peaks and valleys on a mrcro scale whlch greatly enhances surface grlp |

and area at the actlve materral to gr1d mterface

Exa ple |

[0093] An example of the process utlhzes a supply of atmospherlc a1r or blended a1r A
compnsed of pnmarlly 79% n1trogen and 21% oxygen The air feed stock i 1s S :
humrdlﬁed w1th water toa relatlve humldlty of at least 10% and as high as 100%, .
preferably approxrmately 70% relatlve humrdlty The gas stream thus generated 1s
then dellvered to the plasma field. The resultant actrvatron of the atomrc specres in
the feed gas stream’breaks down each spec1es into its component atomic species' - )
wrthm the plasma field. ‘The d1scharge gaseous material will be comprlsed of varlous '
combinations of O; N, H, N, O, 0,, NO, N,0,, NO,, H,0,, NH,, HNO;, and HZO as
well as many other very teactive spec1es of materials comprlsed of varymg

concentrations of the atomic feed stock.

[0094] Since each one of these reactive materials has a propensity to form other ..
reactive or non-reactive gases or if allowed, condensate or react on a catalyst surface,
each material will etch and clean the contaminated and oxidized surface of the target |
grid and form liquid or solid materials comprising various concentrations of the
atomic feed stock and components of the target material, such as nitric acid (HNO;)

reacting with the surface of lead to form lead nitrate. A grid treated with the process
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according to this example are shown in the X-ray diffraction image and the scanning
electron mrcrograph of Figs. 3 and 4, respectlvely As shown in Fig. 3 the process
created pure lead nitrate material on the grld Further, Frg 4 shows the formatron of

lead dioxide on the grid surface.

[6095] After the OAGDP treatment the treated unpasted grids are pasted with a-lead
oxide and lead sulfate paste during a pasting process of conventronal battery N
productron Lead nitrate Pb*(NO,), is a neutral molecule and is one of the only lead
based compounds that is readily soluble in water The appllcatlon of the water and
sulfurlc acid based lead ox1de and lead sulfate wrth free lead paste to the’ surface of
the grid dunng the pastmg operatlon promotes among others ‘two spec1ﬁc chemlcal ‘

reactions that are both benefrcral to the development of a desrred chemrcal and »

mechanrcal 1ntermed1ate layer between the lead grld and the applled paste

surface of the gnds the newly applred lead mtrate materral on the surface of the lead
grid dlsassocrates into. lead Pb2+ ions and (N 03)l 1ons The nrtrate polyatomlc 1ons
wh1ch are released 1nto solutlon when the lead mtrate is dlssolved on contact w1th the
alkalme paste or more specrﬁcally the water component of the: paste become a "'_ : |
spectator ion as the lead jons are made avarlable for the formatron of lead sulfate at
the grrd to paste 1nterface Although lead sulfate has a very low electrlcal | |
conductwlty compared to the lead or lead alloy grrd materlal and that of the actrve .
material produced after formatron lead droxrde on the’ pos1t1ve grrd and sponge lead
on the negative grid, it is the precursor materral for the electrolytlc formatlon of the -
active material and thus its posrt1on and umform dlstrlbutron across the entire faced of
the grid to active material interface promotes the establlshment of a unrform layer of
electrically conductive and stable materials at_ this critical Juncture pornt of the S

assembly.
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[0097] Likewise, when the lead nitrate comes into contact with the sulfuric acid
component of the paste liquid portion, it allows for the establishment of uniformly
distributed formation of the sulfate of tetravalent lead- lead di‘sulfate Pb(SO,),. This

molecule thus reacts with water to form lead dnoxrde and sulfurlc acid as follows

Pb(SO,), + 2H,0 = PbO, + 2H,SO,

The react1on between the lead oxrde paste and lead i 1ons allows for the development of
lead sulfate and lead d1ox1de material that completely covers the surface of the gr1d at
the 1nterface between the gr1d and the apphed paste | |

E

[0098] During the formwon pro.ceSS.and as the charging eurrent isapplied to the

unformed battery assembly, chemlcal reactlons are 1n1t1ated at the 1nterface of the lead
grld and the paste surface whereby lead sulfate is chemlcally converted to lead -
dlox1de on the posmve grrd and lead sulfate is converted to sponge lead on the

negatlve plate as shown by the followrng reversrble equatlon

Pbo2 +Pb + H SO, >< 2PbSO4 + 2H20

The formatlon process 1mt1ates at the surface of the grld and out through the paste
mass as the formatlon process progresses By prov1d1ng the well defined lead sulfate
and lead drox1de material at this critical Junctron point of the assembly, the formatlon
process is no longer requlred to overcome the high resistance of the prevrous lead
oxide layer on the grid surface and now has mﬁmtely more current paths by which to
initiate the chemical conversion of lead sulfate to lead dioxide on the positive and
sponge lead on the negatlve Th1s along with the prev1ously mentioned surface
roughness that is developed by the chemical etchmg of the grid in the plasma

treatment system provides a very high surface area.
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[0099] The addition of the OAGDP process to the conventional lead acid
manufacturing method provrdes a significantly larger surface area to which the active
material can adhere to not by mechanical means only as prevrous assemblies. The
surface grip thus developed is significantly more umform and devoid of fractures and -
vacan01es that have plagued the industry with poor actlve material adhesron and the
subsequent reduction in the dehvery of the potentral energy contamed in the actrve

mass for usable work. -

[0100] Further the development of the chemlcal brldge across the entlre surface
greatly improves the electrical conduct1v1ty between the grld and the active materral .
thus allowmg for srgmﬁcant reduction 1f the energy requlred for the initial formatron :
of the battery and the reluctance to accept recharge in'the battery durlng use. The -
dramatlc mcrease in surface grlp and the unlformly dlstrlbuted chemlcal brldge that is
estabhshed enables the use of thmner grrds and stamped gnds wh1ch heretofore have :

been lrmlted in the1r applrcabrhty due to the poor mechamcal adhes1on of the active -

[0101] The reduction in actrve materlal sheddmg that is the primary cause of battery
farlure is dramatlcally reduced and the abrhty to utilize the theoretrcal amount of
chemrcal energy based on the amount of actrve matenal in the cell i is 1ncreased from .'
the present 25% to 35% to a much higher efﬁc1ency. _ This fact alone. ]ends the use of -
the new process and the lead acid battery. for implementation in electric‘lvehicles ; |

which thus far has been seen in limited use or'only in recreational vehicles.

[0102] In addition to the use of OAGDP to form a uniform 'lead nitrate crystalline
surface on the lead and lead alloy grids, OAGDP can also be used to convert red lead
(Pb,0,) to beta lead dioxide by selecting a feed stock having a composrtlon which
allows such a reaction when the composition of the feed stock is broken down in
reactive species during the OAGDP system. To use OAGDP to generate lead dioxide

from red lead, red lead powder is mixed with water and other liquids to form a slurry.
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The slurry is then applied to the surface of the grids, which have been previously
exposed to OAGDP so that there is a lead nitrate surfacé:‘on the grids' The red lead
slurry reacts with the lead mtrate and releases lead ions, among other constrtuents

that provrdes for mechanical adhesion of the slurry to the grlds The red lead grlds are
then’ placed back i in the chamber and exposed to the OAGDP atmosphere to convert
the red lead to lead dioxide. ' ’

[0103] The foregomg descrlpt1on of the present 1nvent10n has been presented to
1llustrate the pr1nc1ples of the 1nvent10n and not to llmrt the 1nvent1on to the part1cular
embodlments 1llustrated Tti is 1ntended that the scope. of the 1nvent10n be deﬁned by
all of the embodnments encompassed w1th1n the followmg clalms and thelr '

equrvalents o
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1 claim:

L, A process for treatmg a metallic surface comprlsmg

' placmg a metalllc surface in a chamber havmg two electrodes therem
5 passmg a feed stream mto the chamber between the two electrodes

i ‘using the electrodes to’ apply aone atmosphere glow drscharge plasma
(OAGDP) system to form reactlve atomlc and molecular spemes of the feed stream

thereby creatmg a reactlve atmosphere in the chamber

exposmg the metallic surface to ‘the reactlve atmosphere so that at least one

10 resultant reactlon occurs between the reactrve atomlc and molecular spec1es and the ‘

metalhc surface to treat the metalllc surface and

e removmg the treated metalhc surface from the chamber

The process for treatmg a metallrc surface of cla1m 1 further compnsmg

15 N provrdmg a metalllc surface havmg at least one lead component
:-‘provrdmg a feed stream contammg oxygen and mtrogen and
g usrng the electrodes to apply a OAGDP system form reactrve atomlc and
molecular specres of the oxygen and mtrogen of the feed stream _
20 3 The process for treatmg a metallrc surface of clalm 2, further compnsmg
reactmg the reactlve atomlc and molecular spe01es of the oxygen and mtrogen
of the feed stream with the at least one lead component of the metallrc surface to
create a lead mtrate layer on the metalllc surface . o | .
25 4. The process for treating a metallic surface of claim 3, further comprising:
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reacting the reactive atomic and molecular species of the oxygen and nitrogen
of the feed stream with the metallic surface to chemically etch and clean the metallic

surface.

5. The process for treating a metalllc surface of clalm 4 further comprlsmg

exposmg the lead nitrate layer on the metallic surface to lead sulfate and water

to create a lead d10x1de layer on the metalhc surface '

6. " The process for treatmg a metalllc surface of clalm 5, further compnsmg
prov1d1ng a feed stream containing oxygen n1trogen and water and

controllmg a relative humldlty in the chamber by atomlzatlon of the water

dunng the OADGP system

7. _ The process for treatmg a metalllc surface of cla1m 6, further comprrslng

provrdlng a feed stream contalnmg oxygen n1trogen water and carbon

dloxrde

8. .;-The process for treating a metallic surface of claim:6, further comprisingi '

-using a catalyst durmg the OAGDP system to expedlte the resultant reaction

between the reactive atomlc and molecular species and the metallrc surface

9. The process for treating a metallic surface of claim 1, further comprising:

adjusting the composition of the feed stream to control the resultant reaction

between the reactive atomic and molecular species and the metallic surface.

10.  The process for treating a metallic surface of claim 9, further comprising:
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adjusting a relatlve humidity inside the chamber temperature inside the
chamber the composrtron of the feed stream to control the reactive atomic and

molecular species and the metallic surface.

5 l L The process for treatmg a metalllc surface of claxm 3, further comprrsmg
o ‘mn‘(mg red lead powder w1th water to form a slun'y, :.‘T: A
| applying the slurry to the lead nitrate layer on the metalhc surface
si:.placmg the metalhc plates into the chamber agam T
o passmg a feed stream mto the chamber between the two. electrodes

10 | using the electrodes to apply a OAGDP system to form reactrve atomrc and '

molecular specles of the feed stream thereby creatlng a reactrve atmosphere

. exposrng the metallrc surface to the reactlve atmosphere SO that a resultant _
reactlon occurs between the reactlve atomlc and molecular spec1es and the red lead to

form lead d1ox1de and

15 removmg the metallrc plates from the chamber
A pro'cess. for manufacturiné lead acid batteries,'fcompr‘i‘sing: s L
B formmg lead or lead alloy grlds
'v wf'?‘; placrng the grlds in a chamber havmg two electrodes therern .=...
20 passmg a feed stream 1nto the chamber between the two electrodes

usrng the electrodes to apply a one atmosphere glow drscharge plasma
(OAGDP) system to form reactive atomrc and molecular specres of the feed stream '

thereby creating a reactive atmosphere in the chamber '

exposing the grids to the reactive atmosphere so that at least one resultant
25  reaction occurs between the reactive atomic and molecular spemes and the lead or

lead alloy grids so that a layer of lead nitrate is formed on the grids;

removing the grids from the chamber;
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forming lead oxide powder by milling lead in the presence of oxygen;
formmg a paste by mixmg the lead oxide with water and sulfuric a01d

applying the paste to grids so that the water and sulfuric ac1d of the paste

reacts w1th the lead nitrate of the grlds to form lead diox1de on the grlds
curmg the grids and

placing the grids into a battery case.

13. 1'_ The proceSS for manufacturing lead acid batteries of claim 12, further - 1 v

s compr1s1ng

o tf‘provrdmg a feed stream contarmng oxygen and mtrogen and

| iiusmg the electrodes to apply a OAGDP system form reactive atomic and .

molecular specres of the oxygen and mtrogen of the feed stream

14 v The process for manufactunng lead acrd batterres of cla1m 13 further ‘ | h

compnsmg

reactmg the reactive atomic and molecular spec1es of the oxygen and n1trogen

of the feed stream wrth the lead and lead alloy grids to chemrcally etch and clean the |

15_; 'l‘he process for manufacturing lead vacid l:_)_atte._rie‘s of claim 14,further ’. : P
L comprisi‘ng; T o
providing a feed stream containing olxygen,lnit.r'ogen,-and water; and :
controlling a relative humidity in the chamb_er by atomination of the water

during the OADGP system.

16.  The process for manufacturing lead acid batteries of claim 15 , further

comprising:
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providing a feed stream containing oxygen, nitrogen, water, and carbon

dioxide.

17 . The process for manufacturing lead acid batteries of claim '16?..zfurt‘h¢1"i |
5 Comprrsmg . SRR _
T usmg a catalyst durmg the OAGDP system to expedrte the resultant reactron

between the reactive atomlc and molecular specres and the lead and lead alloy grrds

The process for manufacturmg lead acrd batterres of clalm

10 compnsmg
."adjustrng the composrtron of the feed stream to control the resultant reactron
bctween the reactive atomrc and molecular spec1es and the metalhc surface :
19: The process for manufacturing lead acid batteries of claim 18, further -
15 o -comprising: | LA oo o)

ad]ustmg a relatrve humrdrty 1ns1de the charnber temperature msrde the ‘ ';_:;

chamber the composrtron of the feed stream to control the reactrve atomrc and o

molecular spec1es and the metalhc surface

20 20 _‘ The .pr0cess for_manufacturing leadfacid battenesof cla1ml3,further

comprlsmg

mixing red lead powder w1th water to form a slurry, EERN
applying the slurry to the lead mtrate layer on' the lead and lead alloy grrds
placing the grids into the chamber agam E |

25 ... passing a feed stream into the chamber between the two electrodes :

using the electrodes to apply a OAGDP system to form reactlve atomlc and

molecular species of the feed stream thereby creating a reactive atmosphere
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exposing the grids to the reactive atmosphere so that a resultant reaction
occurs between the reactive atomic and molecular species and the red lead to form

lead dioxide;and -

" removing the metallic plates from the chamber.

5
21‘.‘3 B A process.for manufacturing llead. acid batter:ie's;.compris‘ing:
formmg lead or lead alloy grrds o AR
formmg lead ox1de powder by mrllmg lead in the presence of oxygen
- "‘formrng a paste by m1x1ng the lead oxrde w1th water and sulfurrc acrd
10 : ls‘ﬂapplyrng the paste to grrds B | : o

£ placmg the pasted gnds ina chamber havmg two electrodes thereln
| passmg a feed stream 1nto the chamber between the two electrodes

usmg the electrodes to apply aone atmosphere glow drscharge plasma oy
(OAGDP) system o form reactive atomic and molecular specres of the feed stream"}{

15 thereby creatmg a reactlve atmosphere in the chamber

exposmg the gr1ds to the reactive atmosphere SO that at least one resultant V~-

reactlon oceurs between the reactlve atomrc and molecular specres and the lead or o

lead alloy gnds so that a layer of lead nrtrate is formed on the grrds

allowrng the lead mtrate to react w1th the water and sulfurlc ac1d of the paste

20 to form lead dlox1de on the gr1ds
removmg the grlds from the chamber |
" ‘curing the grids; and -

" placing the grids into a battery case.

25
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