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BATTERY PASTE MIXER AND METHOD

Reference to Related Applications

This application claims the benefit of U.S. Provisional Application Serial No.
62/657,022 filed on April 13, 2018, the entire contents of which are incorporated herein by

reference in its entirety.

Technical Field

This application relates to lead acid batteries and more particularly to a machine and
method of making a paste of active material for application to a grid to make a plate for a lead acid

battery.

Background

Lead-acid batteries typically include a plurality of negative and positive plates each of
which includes a lead or lead alloy grid to which a layer of battery paste (chemically active
material) has been applied, dried, formed and hydrolyzed. In commercial manufacture of batteries
a viscous paste may be applied to the grid by a pasting machine which may have a hopper from
which this paste is forced through an orifice and onto an underlying grid as it passes under the
orifice. In commercial production, the viscous paste may be made in relatively large batches each
typically weighing about 1,500 to 5,000 pounds and then delivered to the hopper of the pasting
machine which may apply a ton or more of paste to a series of a plurality of battery grids in 12-25

minutes of operation.
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A lead acid battery paste may be a mixture of fine particles of red lead or leady oxide,
water, sulfuric acid and various additives such as carbon black, barium sulfate, lingo sulfonate,
sulfonated naphthalene, etc. When making a batch of battery paste the ingredients may be mixed
together in a covered bowl or enclosed container. Typically, the dry ingredients such as the fine
particles of red lead and/or leady oxide and the dry additives are first mixed together and then
water i1s added and mixed with the dry mixture. Thereafter, sulfuric acid is added and mixed in the
bowl with these ingredients which produces an exothermic reaction heating the mixture. For
batteries supplying power for electric starters of engines such as automotive and marine engines,
and electric motors starting under load, the mixture is cooled in the bowl at least after the acid is
added and mixed with the other ingredients so that the maximum temperature of the mixture does
not exceed about 120°F to 140°F to produce a tribasic lead sulfate paste. For batteries requiring a
large capacity of reserve power and long cycle life, such as marine batteries the temperature of the
mixture is allowed to rise to a controlled 175°F to 195°F during mixing to produce a tetrabasic
lead sulfate paste. After mixing is completed both types of paste may be cooled to less than about
120°F (for proper paste application) and then transferred from the mixer bowl to the hopper of the
pasting machine.

Typically, while being mixed in a mixer bowl the mixture is cooled by (1) a single
water jacket providing a single zone of water flowing around a metal side wall of the bowl, (2) this
single side wall water jacket and a single water jacket providing a single zone of water flowing
across the overlying metal bottom of the bowl in heat transfer relationship with the metal bottom
of the bowl and (3) a high velocity stream (usually at least 3,000 CFM) of chilled air flowing

through the bowl above and in contact with the mixture in the bowl.
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During mixing of the fine particles of red lead and/or lead oxide and some of the
additives such as carbon black they usually enter the high velocity air stream flowing through the
bowl which may present a potential human health risk if they become airborne in the atmosphere
outside of the bowl and thus air filtration bag house and/or scrubber systems have typically been
used to address this matter. These bag house and scrubber systems must be maintained and

regularly cleaned all at significant expense.

Summary of the Invention

A method of mixing the ingredients for a battery paste may include mixing the
ingredients in a closed container with bottom and side walls, circulating a cooling fluid thorough
each of at least two separate cooling jackets in heat transfer relationship with a bottom wall of the
container at least while sulfuric acid is mixed with the ingredients to control and limit the
maximum temperature of the mixture until mixing is completed, and after completion of mixing
cooling and removing the mixture from the container. The process may also include circulating
cooling fluid through each of at least two separate cooling jackets in heat transfer relationship with
a sidewall of the container at least while sulfuric acid is being mixed with the ingredients.

A mixing machine and method for making an active material paste for a lead acid
battery may have a closed bowl in which the ingredients for the paste may be mixed together such
as by rotating paddles, muller wheels, beaters, or the like. The bottom of the bowl may include at
least two separate cooling jackets or zones through each of which a cooling fluid such as cold or
chilled water or a mixture of water and additives such as rust inhibitors, antifreeze, etc. may flow.

A generally cylindrical side wall of the bowl may also include at least two separate cooling jackets
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or zones through each of which a cooling fluid such as chilled water or water with additives may
separately flow through each water jacket or zone.

The method and the mixing machine may also include sealing the container while the
ingredients are mixed in the container so that the ingredients essentially may not pass out of the
container to the outside atmosphere while the ingredients are mixed in the container. To further
inhibit particulate ingredients from passing out of the sealed container, the pressure in the sealed
container may be maintained at substantially atmospheric or sub-atmospheric pressure by
exhausting air at a low velocity through the sealed container and passing the exhausted air through
a HEPPA filter to remove any entrained ingredient particles and exhausting the filtered clean air
into the atmosphere. If needed in some applications, to condense any water vapor or steam
produced by the exothermic reaction (of the acid and red lead or leady oxide) the sealed container
may also include a condenser device in the sealed container and disposed in an upper portion of
the bowl above the mixture in the sealed container.

Optionally, a stream of a cool or chilled gas such as air may also flow through an upper
portion of the bowl for contact with the upper surface of the ingredients being mixed therein to

assist in further cooling the ingredients during mixing to produce the battery paste.

Brief Description of the Drawings

The following detailed description of certain embodiments and best mode will be set
forth with reference to the accompanying drawings, in which:

FIG. 11is a top view of a machine for mixing the ingredients of a paste for application
to a grid of a lead acid battery;

FIG. 2 is a side view of the mixing machine of Fig. 1;
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FIG. 3 is an end view of the mixing machine of FIG. 1;

FIG. 4 is an enlarged isometric view of a mixing bowl with a cover of the machine of
FIG. 1;

FIG. 5 is a top view of the mixing bowl of the machine of FIG. 1 with the cover
removed;

FIG. 6 is an isometric view of the mixing bowl illustrating cooling jackets on the
bottom and side walls of the bowl;

FIG. 7is a bottom view of the mixing bowl illustrating the layout of four cooling jackets
on the bottom wall of the bowl; and

FIG. 8 is an isometric view of the mixing bowl with portions broken away illustrating

water jackets on a side wall of the bowl.

Detailed Description

Referring in more detail to the drawings, Figures 1-4 illustrate a machine 10 for
mixing together the ingredients to make a paste (active material) to be applied to a grid for
making positive and/or negative plates for a lead acid battery. Typically the composition and
density of the paste may vary somewhat depending on whether it is for a negative or a positive
plate. Typically, lead acid batteries have a plurality of positive and negative plates arranged in
cells in a case in contact with an electrolyte of weak sulfuric acid.

The mixing machine 10 may have a base frame 12 carrying a mixing bowl 14 with a
cover 16, and a hopper 18 for supplying finely divided red lead and/or leady oxide into the bowl

through a port 20 in the cover. Additives and expanders and any other dry materials may be
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supplied to the bowl through a port 22 through the cover 16 and/or access doors 24 in the cover.
The doors also provide access to the bowl for cleaning and maintaining it. The doors are normally
closed and sealed with the cover during mixing of ingredients in the bowl. Sulfuric acid may be
added to the bowl such as by conventional plumbing with a flow control valve through a port 26
through the cover which port is desirably adjacent the center of the bowl. Water may be supplied
to the bowl through a water port 28 which desirably may be spaced radially outwardly of the
acid port 26 such as by conventional plumbing with a flow control valve as is well known to
those skilled in the art.

In the bowl the ingredients may be mixed together by muller wheels, paddles, or
other suitable mixing apparatus. As shown in Fig. 5, ingredients in the bowl may be mixed by
paddles 30 carried by arms 32 circumferentially spaced apart and attached to a hub 34 attached
to a shaft journaled for rotation in a housing 36 and driven for rotation by an electric motor 38.
If desired, the motor may be a variable speed motor such as a stepper motor and the drive may
include a speed reducing gearbox. The paddles 30 may be attached to their associated arm at
different radial distances from the axis rotation and inclined at the same or different included
angles {J relative to their associated arm. The paddles 30 may extend generally axially downward
toward and close to a generally planar bottom wall 40 of the bowl. One or more arms 32 may
also carry a scraper 42 with its leading edge disposed close to the housing 36. A scraper 44 may
be disposed close to a sidewall 46 of the bowl.

When mixing the ingredients to make battery paste an exothermic reaction between
the red lead or leady oxide and the sulfuric acid rapidly produces significant heat which may be

detrimental to paste for automotive batteries and other batteries used for applications needing an
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initial high power output such as for starting various internal combustion engines, powering
electric motors or the like.

To rapidly transfer or remove sufficient heat from the mixture of the ingredients while
mixing them, the bowl should have at least two and desirably three or four separate cooling
jackets. As shown in Fig. 6 and 7, the bowl 10 has four separate cooling jackets 50, 50a, 50b,
50c each in heat transfer relationship with the thermally conductive bottom wall 40 of the bowl.
Each cooling jacket may have a sinuous coolant fluid flow passage 52 with an inlet 54 adjacent
one end and an outlet 56 adjacent the other end of the flow passage. The sinuous flow passage
may be formed in part by a plurality of longitudinally extending bars received and desirably
sealed between the bowl bottom wall 40 and an underlying cover plate 58 which may be secured
and sealed to an annular rim or a bottom edge 60 of the bowl sidewall 46 below the bottom wall
48 of the bowl. The inlet and outlet may be tubes 64,66 attached to the cover plate 58 and
opening into the flow passage 52 of the cooling jacket. The bars may be of a metal such as steel
and attached and sealed to the bowl bottom wall 40 of a thermally conductive metal such as steel
such as by a weld or a suitable adhesive.

As best shown in Fig. 7, the perimeter of each of the bottom cooling jackets may be
formed by a portion of the rim 60 and two sets of first bars 68 and second bars 70 each sealed
at an outer end to the rim. Each first bar 68 at its other end may be sealed to an intermediate
portion of an associated second bar 70. Each second bar 70 may be perpendicular to the first
bars 68 and at its other end may be sealed to an intermediate portion of an associated one of the
first bars. An inlet portion of the flow passage 52 of each cooling jacket may include a third bar

72 parallel to and laterally spaced from the adjacent first or second bar 68 or 70 and at one end
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desirably sealed to the other of the first and second bars, and at the other end terminating short
of the rim 60. An outlet portion of the flow passage 52 of each cooling jacket may include a
fourth bar 74 parallel to and laterally spaced from the adjacent second or first bar 70 or 68 and
with one end desirably sealed to the other of the second or first bars, and the other end
terminating short of the rim 60. Interconnecting portions of the flow passage 52 of each cooling
jacket may include alternating fifth 76 and sixth 78 bars laterally spaced apart and each parallel
to the fourth bar 74. One end of each fifth bar 76 may be sealed with the third bar 72 and with
its other end terminating short of the rim. One end of each sixth bar 78 may be sealed with the
rim 60 and with its other end terminating short of the third bar 72.

The volume of each flow passage and its average cross sectional area and the
temperature and flow rate of coolant through the passage of each cooling jacket are designed to
be sufficient to control and maintain the desired maximum temperature of all of the ingredients
in the bowl throughout completion of their mixing together in the bowl. For a prototype mixing
machine 10 with a bowl steel bottom wall 40 in the range of 4-8 feet in diameter with an interior
surface area of about 12-52 square feet in contact with the mixture, collectively the cooling
jackets may have a flow passage with a volume in the range of about 70%-100%, desirable 75%-
95% and preferably 80%-90% of the interior surface area of the bottom wall 40 or in the range
of about 1,900 to 7,000 cubic inches. This total volume should be distributed between the number
of bottom wall cooling jackets i.e. for four such jackets each flow passage should have about
Y4+ /- of this total volume. Each flow passage may have an average cross sectional flow area
(perpendicular to the direction of flow) of about 0.5 to 5 square inches, desirably about 1 to 3

square inches and preferably about 1.5 square inches. The ingredients in the bowl may be mixed
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with a plurality of radially spaced apart paddles 30 rotating at a speed in the range of about 20-
50 rpm and desirably about 30-40 rpm. In use a coolant of chilled liquid water which may include
rust inhibitors and if desired antifreeze may flow through each cooling jacket at a rate of about
5-60 gallons per minute and desirably 30-40 gallons per minute and typically with an inlet
temperature in the range of about 40°F to 90°F and desirably about 40°F to 55°F. It has been
empirically determined that this prototype machine with this coolant temperature and flow rate
can maintain the maximum temperature of a batch of about 3050 pounds of all paste ingredients
being mixed in the bowl in the range of about 110°F to 140°F and desirably 130°F and will
decrease the time to make a batch of about 3050 pounds of tribasic lead sulfate paste by about
15-50% or from about 18 minutes to 12 minutes compared to the same size and similarly
constructed machine having only a single water cooling jacket under and in heat transfer
relationship with substantially the entire surface area of the steel bottom wall of a mixing bowl
having the same inside diameter of 4.3-8 feet, the same axial height of the sidewall in the range
of 24 to 40 inches and the same arrangement of the same paddles 30 rotating at substantially the
same speed of about 36 rpm. This prior art machine also has a single sidewall cooling jacket and
a recirculating high velocity air flow under its cover and over and above the top of the ingredients
of about 3,500 cubic feet per minute at a temperature in the range of about 40 °F to 60 °F which
required an exhaust baghouse or scrubber to remove lead and lead oxide particles, carbon black
and other particulates from this airflow to comply with environmental protection requirements
and inhibit operator exposure to these airborne particles.

Optionally the mixing machine 10 may also include at least two and desirably three

or four cooling jackets in heat transfer relationship with the thermally conductive sidewall 46 of



10

15

20

WO 2019/199959 PCT/US2019/026774

a metal such as steel. As shown in Figs. 6 and 8 the machine 10 may have four separate cooling
jackets 80, 80a, 80b, 80c collectively circumferentially extending around the exterior of the
sidewall 46 except for various areas for the paste discharge outlet 82 through the sidewall and
other attachments to or through the sidewall. Collectively these four cooling jackets 80-80c may
extend around at least 50 percent and desirably about 60 percent, and preferably about 65 percent
of the circumference of the exterior of the sidewall 46 and may extend axially or vertically on
the sidewall at least 40 percent of its vertical or axial height, desirably about 45 to 50 percent of
its vertical or axial height, and preferably about 55 percent of its vertical or axial height from
the bottom toward the top of the bowl sidewall. If desired, the sidewall cooling jacket may extend
over substantially the entire vertical or axial extent of the sidewall 46 which may aid in
condensing some of the water vapor and any steam produced during the mixing of the ingredients
of the paste.

As shown in Figures 6 and 8 each of the optional sidewall cooling jackets 80-80c may
have a sinuous flow passage 84 with an inlet 86 adjacent one end and an outlet 88 adjacent the
other end of the flow passage. Each jacket may have a perimeter defined at least in part by first
90 and second 92 arcuate bars laterally or vertically spaced apart and extending circumferentially
along and attached and sealed to the outside of the sidewall 46 and axially extending end bars 94
which at their ends may be sealed to the first 90 and second 92 bars and attached and sealed to
the sidewall. The sinuous flow passage 84 may be defined in part by a series of generally axially
extending and circumferentially spaced apart alternating bars 96 and 98 with one end sealed to
one and the other of the circumferentially extending first and second bars 90 and 92 and at the

other end terminating short of the other circumferential first or second bar. Each of the bars 96

10
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and 98 is desirably sealed and attached to the sidewall. All of the bars of each cooling jacket
may be of steel and attached and sealed to a steel sidewall such as by welding or by a suitable
adhesive. An outer cover 100 overlies the bars and may be attached and sealed to the perimeter
circumferential bars 90,92 and end bars 94 such as by welding a cover of metal such as steel to
these metal bars. The cover 100 may also be maintained in firm engagement with the axial bars
96 and 98 such as by spot welding or may be attached and sealed to the bars by a suitable
adhesive. If it is desired that the cover be removable it may be attached to the bars by a series
of cap screws or the like threaded into the bars. Coolant inlet and outlet tubes of metal may be
attached to a cover 100 of metal such as by welding and communicate with the flow passage
desirably between one of the axial end bars 94 and its adjacent bar 94 or 96. One tube may serve
as the cooling fluid inlet and the other as its outlet.

The sidewall cooling jackets collectively may have flow passages 84 with a volume
of about 60% to 100%, desirably 70% to 95%, and preferably 80% to 90% of the surface area
of the sidewall or about 2,000 to 7,500 cubic inches. This total volume will be distributed among
the number of sidewall cooling jackets desirably about substantially equally. Each flow passage
may have an average cross sectional flow area (perpendicular to the direction of flow) in the
range of about 1.0 to 4.5 square inches, desirably about 2 to 3 square inches and preferably
about 2.25 to 2.75 square inches. In use cooling water may flow through each cooling jacket at
a flow rate of about 5 to 60 gallons per minute and desirably about 30-40 gallons per minute
with an inlet temperature to each separate cooling jacket flow passage of about 40°F to 90°F

and desirably 45°F to 55°F.

11
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For the prototype mixing machine described above for making a batch of about 3050
pounds of battery paste the addition of these four sidewall cooling jackets 80-80c, through which
chilled water flowed with an inlet temperature of about S0°F and a flow rate of about 35 gallons
per minute, further decreased the time for making a batch of tribasic lead sulfate battery paste
by about 1-3 minutes.

It has been empirically determined that a batch of high quality tribasic lead sulfate
paste of about 1200 kilograms or 3050 pounds can be produced by this prototype mixing machine
in about 10-12 minutes including about 2 minutes for charging the bowl with all of the dry
ingredients and mixing them in the bowl before water was added, 2 minutes for adding water
and mixing it with the dry ingredients, and about 6-8 minutes for adding the dilute sulfuric acid
and mixing it with the ingredients to produce a homogenous high quality paste ready for
discharge from the prototype machine and use in pasting grids to produce either positive or
negative plates depending on the composition, density and moisture content of the paste. During
mixing the ingredients reached a maximum temperature of about 130°F and were cooled to about
100°F before being discharged from the bowl.

For at least most applications the plurality of bottom only or bottom and sidewall
cooling jackets maintains a low enough maximum temperature of all of the ingredients of the
paste while being mixed in the bowl, so that the bowl may be closed and substantially sealed
during mixing such as by a suitable cover 16 without the need to circulate or pass any cooling
air through the bowl during mixing to make a batch of paste therein. This essentially prevents
any of the ingredients from escaping to the atmosphere outside of the bowl and thus eliminates

the need for any system of air bag house filtration or air scrubbers to remove particulate

12
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ingredients from the air stream that would otherwise pass through the bowl. This also eliminates
the significant operating expense of maintaining and removing particulate contaminants from the
air bag or scrubber system and decreases the risk of exposure of operating personnel to airborne
particulate matter.

If desired, the risk of particulate ingredients passing out of a sealed bowl can be
further reduced by exhausting fresh air at a low velocity through the sealed bowl above the
mixture and through a downstream HEPPA filter at a flow rate of about 100 to 600 CFM and
desirably 100 to 400 CFM such via a bowl one way inlet, across the bowl, through a one-way
bowl outlet, a HEPPA filter by an exhaust fan and to the atmosphere.

If desired at least some of the water vapor and any steam produced during mixing in
the sealed bowl can be condensed by a cooling device in the sealed bowl and adjacent the top of
the sealed bowl such as a chilled plate or a chilled cooling coil operating at a maximum
temperature of about 50 °F.

The method of making large batches of battery paste for positive or negative plates
for a lead acid battery, typically on the order of 1,500 to 5000 pounds per batch, includes mixing
together all of the ingredients of the paste at a desired controlled temperature and a desired
maximum temperature depending on the type of paste by a mixing machine 10 with multiple
separate cooling jackets in heat transfer relationship with at least 50%, desirably 60%, and
preferably 70% of the surface area of the bowl or container in contact with all of the ingredients
for the paste while being mixed together in the container. In at least some implementations of
the method a plurality of only bottom cooling jackets are needed in heat transfer relationship

collectively with at least 70%, desirably 80%, and preferably 85% of only the bottom surface

13
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area of the container in contact with the ingredients when all of the ingredients for a batch of
paste are in the container and are being mixed together in the container. During mixing together
of all of the ingredients for a batch of tribasic lead sulfate paste, cooling fluid flowing through
only bottom cooling jackets can maintain a predetermined desired maximum temperature of the
mixture.

The disclosed method and mixing machine for making a batch of battery paste for a
lead acid battery may have none, one or more of the significant practical advantages of greatly
reducing the time required to make a batch of paste typically in the range of 1,500 to 5,000
pounds, maintaining a desired controlled temperature and maximum temperature of all of the
ingredients of the paste during mixing to facilitate and improve the application of the mixed paste
to a grid, improved performance characteristics of the maximum initial power output of batteries
with plates made with tribasic lead sulfate paste and cycle life and reserved capacity of tetrabasic
lead sulfate paste produced by this method and/or machine, producing a homogenous mixture of
the ingredients of the mixed paste, and producing a high quality paste having enhanced desirable
performance characteristics such as improved control of paste density, improved control of paste
moisture content, and improved control of the formation of tribasic lead sulfate paste and
improved control of tetrabasic lead sulfate crystals of such paste. The disclosed method and
machine greatly reduces and may even eliminate the need to pass a large volume of chilled air
through the container to adequately cool the paste and maintain a satisfactory maximum
temperature of the mixture of all the ingredients of the paste during mixing thereof. The mixing
of all the ingredients in a sealed container without flowing any cooling air through the container

also significantly decreases the cost of making a batch of battery paste and greatly decreases the

14
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likelihood that any particulate ingredients of the mixture may enter the atmosphere outside of the
container and exposure operating personnel and other equipment to airborne particulate
ingredients.

The forms of the invention herein disclosed constitute presently preferred
embodiments and many other forms and embodiments are possible. It is not intended herein to
mention all the possible equivalent forms or ramifications of the invention. It is understood that
the terms used herein are merely descriptive, rather than limiting, and that various changes may

be made without departing from the spirit or scope of the invention.
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Claims:

1. A machine for mixing ingredients for making a paste for a lead acid battery
comprising:

a container with bottom and side walls;

an apparatus at least in part in the container for mixing together a plurality of
ingredients for making a batch of battery paste;

and a plurality of separate cooling jackets each in heat transfer relationship with the
bottom wall of the container and configured to transfer heat from the ingredients and through the
bottom wall of the container to maintain a temperature of the ingredients throughout the mixing of

the ingredients in the container of not greater than a predetermined maximum temperature.

2. The mixing machine of claim 1 configured for supplying a separate flow of cooling
fluid through each of the separate cooling jackets, each at a predetermined inlet temperature of the
cooling fluid to provide sufficient heat transfer from the ingredients being mixed in the container
to maintain the predetermined maximum temperature or a lower temperature through the

completion of mixing of all of the ingredients in the container.

3. The mixing machine of claim 1 wherein the plurality of cooling jackets collectively

are in heat transfer relationship with at least 60% of the area of the bottom wall of the container in

contact with the ingredients being mixed in the container to make a batch of paste.

16
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4. The mixing machine of claim 1 wherein the plurality of cooling jackets collectively
are in heat transfer relationship with at least 80% of the area of the bottom wall of the container in

contact with the ingredients being mixed in the container to make a batch of paste.

5. The mixing machine of claim 1 wherein at least some of the plurality of separate

cooling jacket have a sinuous fluid flow passage through each of some of the cooling jackets.

6. The mixing machine of claim 1 wherein at least some of the plurality of separate
cooling jackets each have a sinuous fluid flow passage and collectively the cooling jackets in heat
transfer relationship with the bottom of the container are configured to maintain the predetermined
maximum temperature at not more than 140°F of the mixture in the container when each of the

cooling jacket has a separate flow of cooling fluid through it.

7. The mixing machine of claim 6 wherein the flow passage of at least some of the
plurality of separate cooling jackets each in heat transfer relationship with the bottom wall have
an average cross-sectional area perpendicular to the direction of fluid flow through the flow

passage in the range of 0.5 to 5 square inches.

8. The mixing machine of claim 6 wherein a liquid coolant flows through the sinuous

flow passage of at least some of the plurality of separate cooling jackets each in heat transfer

relationship with the bottom wall of the container at a rate of at least 5 gallons per minute.

17
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9. The mixing machine of claim 7 wherein a liquid coolant flows through the sinuous
flow passage of at least some of the plurality of separate cooling jackets each in heat transfer

relationship with the bottom wall of the container at a rate of at least 10 gallons per minute.

10. The mixing machine of claim 1 wherein during mixing the container is closed and

there is no forced air flow through the container.

11. The mixing machine of claim 6 wherein during mixing the container is closed and

there is no forced air flow through the container.

12. The machine of claim 1 which also comprises a plurality of separate cooling jackets
each in heat transfer relationship with a sidewall of the container and configured to transfer heat
from the ingredients and through the sidewall of the container to maintain in conjunction with the
plurality of separate cooling jackets each in heat transfer relationship with the bottom wall of the
container the temperature of the ingredients throughout the mixing of the ingredients in the

container of not greater than the predetermined maximum temperature.

13. The mixing machine of claim 12 wherein the plurality of separate cooling jackets
each in heat transfer relationship with the sidewall of the container collectively extend around at

least 50% of the circumference of the exterior of the sidewall of the container.

14. The mixing machine of claim 12 wherein at least some of the plurality of separate

cooling jackets each in heat transfer relationship with the sidewall of the container have a sinuous
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cooling passage and the mixing machine is configured to supply a separate flow of cooling liquid

through each such sinuous passage at a flow rate of at least 10 gallons per minute.

15. The mixing machine of claim 1 wherein at least some of the plurality of separate
cooling jackets each have a sinuous fluid flow passage and collectively the cooling jackets in heat
transfer relationship with the bottom of the container are configured to maintain the predetermined
maximum temperature in the range of 175°F to 195°F of the mixture in the container when each

of the cooling jacket has a separate flow of cooling fluid through it.

16. A method of making a battery paste with ingredients including particles of red lead
and/or leady oxide, particles of at least one dry additive and sulfuric acid, the method comprising;

mixing together the at least one dry additive and the red lead and/or leady oxide;

mixing the sulfuric acid with the mixture of the at least one dry additive and the red
lead and/or leady oxide; and

cooling the mixture with the sulfuric acid therein to maintain a maximum temperature

of such mixture of not greater than 195°F.

17. The method of claim 16 wherein the ingredients are mixed in a closed container
with a bottom wall and a plurality of separate cooling jackets each in heat transfer with the bottom
wall of the container with each cooling jacket having a separate coolant passage, and further
comprising the step of flowing a separate supply of liquid coolant through each coolant passage of
each cooling jacket at a rate of at least 5 gallons per minute to maintain the maximum temperature

of such mixture of not greater than 195°F.
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18. The method of claim 17 wherein the coolant passage of at least some of the plurality

of cooling jackets is sinuous.

19. The method of claim 17 wherein the coolant passage of at least some of the cooling
jackets is sinuous and has an average cross-sectional area perpendicular to the direction of the

liquid coolant flow through such passage in the range of 0.5 to 5 square inches.

20. The method of claim 16 wherein the ingredients are mixed in a container, during
mixing the container is closed, and during mixing there is no forced air flow through the closed

container.

21. The method of claim 17 wherein the ingredients are mixed in a container, during

mixing the container is closed, and during mixing there is no forced air flow through the closed

container.

22. The method of claim 16 wherein the maximum temperature of such mixture is not

greater than 140°F.
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