PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 3 : (11) International Publication Number: WO 84/ 04292
C01G 21/06; BO1J 8/10 AL | (43) International Publication Date: 8 November 1984 (08.11.84)

(21) International Application Number: PCT/US84/00201 | (81) Designated States: AT (European patent), AU, BE (Eu-
ropean patent), CH (European patent), DE (Euro-

(22) International Filing Date: 13 February 1984 (13.02.84) pean patent), FR (European patent), GB (European
patent), JP, LU (European patent), NL (European pa-

. tent), SE (European patent).

(31) Priority Application Number: 490,149

(32) Priority Date: 29 April 1983 (29.04.83) | Published
With international search report.

(33) Priority Country: Us

(71) Applicant: OXIDE & CHEMICAL CORPORATION
[US/US]; 5726 Professional Circle, Indianapolis, IN
46251 (US).

(72) Inventor: MCKINNEY, Benjamin, Franklin ; 7750
Eagle Valley Pass, Indianapolis, IN 46224 (US).

(74) Agents: JOCHMAN, Joseph, J., Jr. et al.; Johnson Con-
trols, Inc., P.O. Box 591, Milwaukee, WI 53201 (US).

(54) Title: METHOD AND APPARATUS FOR THE PRODUCTION OF LEAD OXIDE

/I

H

&z

(57) Abstract

A stationary horizontal cylindrical reactor (1) for the production of lead oxide utilizers a series of horizontal rotating
blades (11) to promote and maintain the oxidation reaction, to provide a particle size reduction and to effect centrifugal
classification of the lead oxide produced in the reaction. The preheated reactor chamber is supplied with raw lead, air and
water, and the use of the entire reactor chamber-blade interface as a reaction zone results in a highly energy efficient and
high rate production process. The process is extremely versatile and can be used to produce low {free lead (less than 1%) li-
tharge (PbO) and high free lead or leady litharge on a consistent high volume basis.
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METHOD AND APPARATUS FOR
THE PRODUCTION OF LEAD OXIDE

TECHNICAL FIELD

The present invention relates generally to the art of
manufacturing lead monoxide (PbO) with widely varying free
metallic lead content. More specifically, the invention
relates to a horizontal cylindrical reactor and its method
of operation wherein a series of horizontally disposed
rotating blades are utilized to effect the oxidation
reaction and to simultaneously grind and classify the lead
oxide particles for transfer through and out of the
reactor in an induced air draft.

BACKGROUND ART

Lead monoxide (also variously referred to as lead
oxide or litharge) is an extremely important compound in a
variety of industrial manufacturing processes. For
example, the largest single use of lead oxide is in the
manufacture of lead-acid storage batteries. Large volumes
of lead oxide or litharge are also used as fluxing agents
in the manufacture of glass. These and various other
manufacturing processes require lead oxide with free
metallic lead contents ranging from relatively high
(18-35%) for the manufacture of batteries to very low
(less than 1%) for the manufacture of glass. A variety of
old and well-known processes and apparatus have been in
use for many years to produce lead oxide for its various
applications.

One old and well-known process utilizes the so-called
Barton pot as disclosed in U.S. Patent No. 633,533. 1In
the Barton process, a‘large heated pot is fed with a
stream of molten lead which is maintained at a shallow
depth in the bottom. A rapidly rotating blade in the

bottom of the pot continuously agitates the molten lead _
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which is oxidized in the presence of a stream of air and

water or steam. The oxidized lead particles are drawn
from the pot by the air stream while the heavier lead
droplets fall by gfavity to the bottom of the pot for
further agitation and oxidation. The process is
controlled by adjusting the rate of feed of the molten
lead, the air flow through the pot and the speed of the
blades. The Barton process operates at high temperatures,
substantially above the melting point of lead which is
327°C (620°F). Though quite versatile, the Barton process
has several inherent disadvantages. When used for
producing high free lead litharges for battery
manufacturing, the leady oxides produced are often too
coarse for use in the formulation of battery active
material paste and must, therefore, be subjected to hammer
mill processing subsequent to their initial production in
a Barton pot. In addition, the Barton process is
difficult to control when used to produce low free lead
litharge and cannot be used to consistently produce lead
oxide with a free lead content of less than 1%. Finally,
the operation of a Barton pot results in a build-up of
lead on the blades and walls, requiring periodic shut down
and manual cleaning of the component surfaces. A more
recent version of this apparatus is disclosed in U.S.
Patent No. 3,322,496. However, unlike the earlier Barton
pot, in this device no reservoir of molten lead is
maintained in the bottom.

Another widely used process for the manufacture of
lead oxide employs a horizontal rotating attrition-type
mill. One of the most common types is the Shimadzu mill
named after the inventor in U.S. Patent No. 1,896,020. In
the Shimadzu mill, lead oxide is produced by tumbling
pieces of metallic lead in a rotating drum in the presence
of a stream of air. The heat generated by oxidation and
the frictional heat of tumbling provides a self-sustaining
reaction. The smaller and lighter oxide particles which
are produced may be withdrawn from the mill by various
means, one of which may simply be an induced draft of air
drawing the lead oxide particles through an outlet in one
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end. The Shimadzu and related processes are considered

low temperature, operating below the melting point of

lead. Although relatively high production rates can be

attained from a Shimadzu mill, the process is highly
energy inefficient because it requires the tumbling of
large mass of metallic lead within the drum. Further,

a

because it is a relatively low temperature process, the
Shimadzu mill is not suitable for the manufacture of low

free lead litharge.

U.S. Patent No. 1,204,537 discloses another type o
reactor and method for its operation to produce lead
oxide. In this apparatus, an inclined frustoconical
reactor chamber has disposed therein a rotatable axial
shaft carrying a series of composite blades adapted to
rotate in close proximity to the inner reactor surface

£

S.

The lower end of each blade has a paddle-like structure

which rotates through a lower reservoir of molten lead

and

1ifts and disperses lead droplets into the upper reactor

chamber, in a manner somewhat analagous to the operation

of the Barton pot described above. The upper portions

of

the blades act as mixing devices and simultaneously induce
a flow of preheated air through the reaction chamber to
oxidize the lead particles and transport the same to an

upper reactor outlet. Partly oxidized lead and lead
particles are returned by gravity to the molten lead

reservoir.. The operation of this device requires a high

energy input and the inherent variation in the edge speed

of the tapered mixing blades along the length of the
frustoconical reactor results in a nonuniform and
ineffecient reaction zone. Correspondingly, any
centrifugal classification of the lead oxide is likewi
nonuniform. The apparatus disclosed has no known
industrial application, either past or present.
German Patent No. 266,348 discloses a reactor for
production of litharge which is similar to the Barton
reactor described above. In this apparatus, however,
mixing blades or paddles are disposed to rotate about
horizontal axis with their edges or tips dipping into
surface of the molten lead in the pot. The operation
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this device is otherwise similar to the Barton reactor and
is subject to the same operational deficiencies noted -
above. In particular, the reaction zone is small in
comparison to the overall size of the apparatus and

classification of the litharge produced by the oxidation

e

rTeaction is primarily by gravity.

DISCLOSURE OF INVENTION

In the present invention, a series of horizomtally

‘disposed rotating blades operate within a cylindrical

reactor chamber to simultaneously provide the oxidation
reaction of the raw lead infeed, the particle size
reduction of the partially oxidized lead and the
centrifugal classification of any of a selected range of
litharges, from low to :élaéively high free lead content.
The production rates attainable in the reactor of the

- present invention are substantially higher than devices of

the prior art of a comparable size and having similar
operating power requirements, primarily due to the
utlllzatlon of the entire length of the reactor chamber in
the oxidation reaction and particle size reduction. In
addition, the reactor of the present invention exhibits
very stable operating characteristics and is capable of
sustaining a continuous uniform oxidation reaction over a
long period of time. The operation of the reactor which
is the subject of this application is much cleaner and, in
particulér, is not subject to the detrimental material
bdild-up and resultant operational problems characteristic
of the Barton reactor.

VBRIEF DESCRIPTION OF DRAWING , *

FIGURE 1 is a side elevation view of the reactor
apparatus of the present invention shown in section
through the axis thereof. 7

- FIGURE 2 is a sectional view of the reactor shown in
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FICURE 1 taken on line 2-2 thereof.

BEST MODE FOR CARRYING OUT THE INVENTION

FIGURE 1 shows a side elevation of the reactor 1 of
the present invention in section along its longitudinal
axis. The reactor 1 comprises a horizontally disposed
reactor shell 2 defining a reactor chamber 3 having a
cylindrical interior surface 4 and parallel oppositely
disposed inlet and outlet end walls 5 and 6,
respectively. A shaft 7 is disposed on the axis of the
cylindrical interior surface 4 of the reaction chamber 3,
extends through the end walls 5 and 6 and is supported for
rotation in bearings 8 and 9. The shaft 7 is driven by a
pulley 10 mounted adjacent to the outlet end wall bearing
9 and operatively connected to a suitable drive means,
such as an electric motor, not shown.

Two pairs of oppositely disposed blades 1l are
attached to the shaft 7 and supported for rotation
therewith by a series of radial struts 12. Each of the
blades 11 is disposed parallel to the shaft 7 and mounted
with its radially outer blade edge 13 disposed closely
spaced from the cylindrical interior surface 4 of the
reaction chamber 3 and extending substantially the full
length thereof. As will be discussed in more detail
hereinafter, the blade edge-interior surface interface is
important to the operation of the reactor, however, the
actual spacing between the blade edges 13 and the interior
surface &4 of the reaction chamber has not been found to be
particularly critical. Thus, although a closely spaced
relationship must be maintained, a spacing of
approximately 1/8 to 1-1/2 inches has been found to be
suitable for the broad range of lead oxides with varying
free lead contents which can be produced in this reactor.
A pair of wiper blades 14 is attached to one pair of
oppositely extending struts 12 adjacent the inlet end wall
5. The wiper blades 14 are disposed with their free edges
lying closely spaced from the interior surface of the
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inlet end wall to preclude a build-up'of lead and lead

oxide which unavoidably occurs since the inlet end of the

reactor 1 is inherently somewhat cooler than the remainder
thereof during operation.

The components of the oxidation reaction are the
reactants, lead and oxygen (the latter preferably in the
form of air), and water as a catalyst. The lead supply is
preferably maintained in a molten state in an external
reservoir (not shown) and is fed into the reactor in
metered amounts via a lead inlet 15 located in the inlet
end wall 5. Oxygen, in the form of a stream of air, is
supplied to the reactor through an inlet air duct 16, also
in the inlet end wall. The inlet air duct 16 is provided
with a variable position damper 17 to control the volume
of air admitted to the reactor. Metered amounts of water
are also supplied to the inlet end of the reactor and, in
the preferred embodiment, a water inlet 18 is located in
the air inlet duct 16 a short distance upstream from the
inlet end wall 5. The flow of water is selectively
controlled with a suitable metering valve 19. A second
water inlet 22, in the outlet end wall 6, may also be used
to supply all or a part of the water. The product of the
oxidation process, varying from substantially pure lead
oxide to higher free lead lithgrges, is carried from the
reactor chamber 3 into a lead oxide outlet duct 20 which
communicates with the interior of the reactor through an
outlet 21 surrounding the shaft 7 in the outlet end wall
6. The continuous flow of air into the reactor through
the air inlet duct 16 and the flow of lead oxide-laden air
out of the reactor through the outlet duct 20 is
preferably provided by an induced draft created by a fan
(not shown) located downstream of the outlet duct 20.

Although the addition of water to the reactor has been
found to be beneficial, both for temperature control and
for its apparent catalytic effect, it is not absolutely
necessary. Thus, the reactor may be operated without any
water and the reaction temperature controlled by varying
the lead feed. However, lower production rates will
result due to the loss of the catalytic effect and the

Sy
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need to reduce the lead feed to maintain proper operating
temperature.
Directly beneath the reactor shell 2 is mounted a
preheater 23 which, in the preferred embodiment, is a gas
5 fired burner. The preheater is utilized to bring the
entire reactor to a temperature near the eventual
operating temperature prior to commencement of operation
of the reactor. The entire outer cylindrical surface of
the reactor shell, including the preheater, is covered
10 with an insulating shroud 24 to maintain the preheat and
to facilitate uniform heat distribution during operation.

INDUSTRIAL APPLICABILITY

~ The operation of the reactor for either the production
of low free lead litharge or for lead oxide with higher

15 free lead contents is substantially the same. The reactor
is first brought to a temperature somewhat below the
desired operating temperature and at about the melting
point of lead. Thus, the preferred preheat temperature is
in the range of 205° to 345°C (400° to 650°F). Once the

20 reactor is operating and the oxidation reaction has
commenced, the preheater is shut off and the exothermic
reaction raises the reactor to the desired operating
temperature where it is maintained by process control, as
will be more fully described hereinafter.

25 The reactor blades 11 are turned at a high speed by
driving the shaft 7 at a constant speed in the range of
approximately 80 to 400 rpm. The molten lead, air and
water are fed simultaneously in controlled amounts through
the various inlet means 15, 16 and 18 and/or 22,

30 respectively. The molten lead is broken into spherical
particles by the action of the blades and, simultaneously
with the immediate commencement of oxidation, the
particles are sheared and broken into smaller and more
irregular shaped particles. The interreaction between the

35 blade edges 13 and the interior surface 4 of the reactor
chamber 3 provides much of the shearing and breaking of
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particles. However, it is also believed that the
interaction or attrition between the particles themselves

is significant both in the particle size reduction and in

the oxidation reaction. The particle attrition and
oxidation take place élong the entire length of the
reactor chamber and around the entire cylindrical interior
surface thereof.

The rotation of the blades also serves to
simultaneously classify the lead, leady oxide and fully
oxidized litharge within the reactor. The centrifugal
force imparted to the particulate materials maintains the
heavier lead particles nearer the blade edge-reactor wall
interface for continuing attrition and oxidation, while
the leady oxide or the lower free lead litharge, depending
principally on the reactor temperature, the volume of air
flow therethrough and the blade speed, is carried through
the outlet 21 and into the outlet duct 20 for subsequent
collection.

Although it is clear that various factors, including
blade speed, the volume of air flow, and the temperature
in the reactor, all bear on the oxidation-classification
process, it is preferred to operate the blades at a
constant optimized speed; An optimum speed in the range
of 140 to 250 rpm in a reactor chamber having a five foot
diameter is suitable for the broad range of litharges and
high lead oxides which may be made in the apparatus and in
accordance with the method of the present invention. In a
general sense, blade edge speed which is too fast will
throw vittually all of the material to the outside of the
reactor chamber and interfere with the oxidation
reaction. On the other hand, if the blade speed is too
slow, uniformity of the oxidation reaction throughout the
reactor is lost and eventually proper classification is
also lost.

The operating temperature in the reactor is the
principal variable for controlling the free lead content
of the oxide product. A typical low lead litharge (having
a free lead content of less than 1%) requires the '
maintenance of a constant operating temperature in the

™~
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range of 425° to 455°C (800° to 850°F). To produce a lead
oxide with a relatively high free lead content (18% to 32%
Pb), a constant and uniform operating temperature in the
range of 370° to 400°C (700° to 750°F) must be

maintained. The temperature of the exothermic oxidation
reaction may be controlled in various ways, but it is
preferred to control the temperature by the addition of
water. Water is also believed to have a catalytic effect
on the reaction, but the exact nature of the effect is
unknown. During operation, the reactor temperature is
continuously monitored and utilized to effect control of
the feed of water through one or the other or both of the
water inlets 18 and 22. It is also possible to control
the reactor temperature by varying the feed of molten
lead. However, because uniform blade speed is critical to
proper oxidation and classification, it is simpler and
more preferable to continuously monitor the load on the
reactor drive means and utilize the load signal to control
the feed of molten lead to the reactor.

For a reaction product of a given free lead content,
the apparent density of the product (which in turn is
primarily a function of particle size) is controlled
principally by varying the volume of air flow through the
reactor. Thus, a lower volume air flow will result in an
oxide product containing a greater amount of lighter fines
and, therefore, will have a lower apparent density.
Conversely, the apparent density may be increased by
increasing the volume air flow and thus the amount of
coarser and heavier particles carried to the reactor
outlet.

In a typical operation for the production of
essentially pure litharge (Pb0O), a reactor of the present
invention having a length of eight feet and a diameter of
five feet is capable of processing approximately 6,000 to
8,000 éounds per hour of raw lead to produce an
essentially equivalent weight of PbO. The reactor is
operated at a temperature in the range of about 425° to
about 455°C and the air flow through the reactor is
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maintained in the range of 4500 to 6500 cfm. To maintain _
a constant operating temperature, water is fed to the
reactor at a rate of approximately 10 to 40 gallons per

~ hour through the inlet 22 in the outlet end wall 6 only.

The blade speed is maintained at a constant 250 rpm with
the feed of molten lead varied as necessary to maintain

- the speed. The resultant product is a litharge having a

free lead content well below 1% and as low as .05%. In
excess of 99% of this litharge will pass a No. 325 screen
by wet sieve analysis, qualifying it as a high quélity
litharge directly usable in glass manufacturing opetatioﬁs.

- When utilizing the same reactor for the production of
a leady litharge (18% to 32% Pb) used, for example, as the
active material in a lead-acid battery, the molten lead
feed rate is maintained at about 5,000 pounds per hour and
results in an approximately equivalent output of leady
lithérge. The volume of air flow and the blade speed are
maintained as in' the previous example, the reactor is
operated at a temperature in the range of 370° to 400°C,
and water is added through both inlets 18 and 22 at a
combined rate ranging from 15 to 40 gallons per hour. A
typical leady litharge produced by this process, measured
and evaluated by the use of standards and tests uniformly
applied in the battery industry, contains 24% free Pb, has
an apparent density of 23 grams per cubic inch (Scott
number), an acid absorption of 190 + 20 micrograms per
gram, and a wet sieve analysis of less than 5% retained on
a 25 micron screen.

It is important to note that the two different oxide
products described above are directly usable in their
respective manufacturing applications without any further
processing. Most importantly, the oxides produced by the
method and abparatus of this invention require no
subsequent milling to reduce the particle size. This
obviates costly and time-consuming processing and
drastically reduces the possibility of contamination,
particularly iron contamination which is critical in
oxides utilized in the manufacture of glass. The
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apparatus of the present invention is unique in its
ability to utilize essentially the same process for the
production of a broad range of high quality lead oxide

products.
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CLAIMS

1. The method of producing litharge with varying
free lead content in a horizontal cylindrical reactor
having inlet means for the supply of lead, air and water,
an outlet for the removal of litharge, a pair of
horizontally disposed blades rotatable within the reactor
and about the axis thereof, and means for driving the
blades to break the supply of lead into fine particles and
disperse the lead within the reactor, said method
comprising the steps of:

a. preheating the reactor;

b. supplying lead to the inlet means for

introduction into the reactor; .

c. creating a flow of air through the reactor to
oxidize the lead and transport the litharge to
the outlet;

d. utilizing substantially the entire blade
edge-reactof interface to provide an oxidation
and attrition zone over the full length and
interior surface of the reactor; and,

e. controlling the rotational speed of the blades
and the air flow to effect centrifugal
classification of the litharge within the reactor
for transport to the outlet. ' ' '

2. The method of claim 1 including the step of
supplying water to the inlet means simultaneously with the
step of supplying lead.

3. The method of claim 2 including the step of
controlling either the lead or the water supplied to the
inlet in response to the temperature in the reactor.

4. The method of claim 3 wherein the supply to the
inlet is controlled to maintain a constant temperature in
the reactor. '

1n
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5. The method of claim 3 wherein the water supplied
to the inlet is controlled in response to the temperature
in the reactor, and including the additional step of
controlling the lead supplied to the inlet in response to
the load on the blade drive means.

6. The method of claim 5 wherein the supply of water
to the inlet is controlled to maintain a constant
temperature in the reactor and the supply of lead to the
inlet is controlled to maintain a constant load on the

bladeldrive means.

7. The method of producing lead oxide comprising the

steps of:

a. preheating a horizontal cylindrical reactor
having an inlet and an outlet on opposite ends;

b. supplying lead and water to the reactor inlet;

c. rotating a pair of horizontally disposed blades
about the axis of the reactor to break the lead
into fine particles;

d. creating a flow of air through the reactor from
the inlet to the outlet to oxidize the lead and
carry the lead oxide through the reactor to the
outlet; and -

e. utilizing substantially the entire blade
edge-reactor interface to provide an oxidation
and attrition zone over the full length and
interior surface of the reactor; and,

f. controlling the rotational speed of the blades to
centrifugally classify the lead oxide within the
reactor for transport to the outlet.

- 8. The method of claim 7 including the step of
controlling the supply of lead in response to the load on
the blades. '

9. The method of claim 8 including the step of
controlling the supply of water in respomse to the
temperature in the reactor.
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10. The method of claim 7 wherein the radially outer

edges of the blades are maintained closely spaced from the-

interior surface of the reactor.

11. A reactor for the production of litharge with
selectively varying free lead content comprising:

a horizontally disposed reactor chamber having a
cylindrical interior surface and parallel opposite end
walls; , . 7 :
a shaft extending through the interior and supported

- for rotation on the axis of the chamber;
at least one pair of blades attached to the shaft,
disposed generally parallel to the axis of the chamber
with the radially outer edges of the blades closely
spaced from and extending substantially the full axial
length of the interior surface of the chamber, and
adapted to pro&ide a uniform zone for oxidation,
attrition and classification along substantially the
full length and entire interior surface of the -
chamber; 7
inlet means for supplying lead and air to the interior
thereof; 7 7
outlet means on one end of the chamber for discharging
the litharge therefrom;
means for producing a flow of air through the chamber
from the inlet means to the outlet means;
control means for independently varying the supplies
of lead and air to the chémbet; and,
drive means for rotating the shaft and blades.

12. The reactor as defined in claim 11 including
means for supplying water to the interior of the chamber
and wherein the control means includes means for varying
the supply of water. -

'13. The reactor as defined in claim 12 including a
preheater for bringing the reactor chamber to a selected
operating temperature prior to commencing operation of the

tn
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14. The reactor as defined in claim 13 wherein the
inlet means includes means for supplying molten lead.

15. The reactor as defined in c¢laim 14 including a
wiper blade attached to and rotatable with the shaft and
5 having a free edge disposed closely spaced from an end
wall.
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