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Description

PUMPLESS FLOW SYSTEM FOR A CORROSIVE LIQUID

Cross Reference

This application is a continuation-in-part of my
copending application Ser. No. 108,910 filed November
1, 1979, entitled "Pumpless Flow System for a Corrosive
Liquid" and assigned to the same assignee as the in-

stant application.

Technical Field

This invention relates to the movement of highly
corrosive liquids in a flow system without the use of

mechanical pumps in contact with the corrosive liquid.

Background Art
In United States Letters Patent 3,606,921, is-
sued September 21, 1971, to Grawey, there is described

a method of fabricating hollow articles having a sub-
stantially closed center, namely, a vehicle tire. 1In
the course of forming the tire, a toroidal core struc-
ture is employed as a mandrel upon which the tire is
built. The core structure is basically a particulate
material such as sand. The particulate material is
formed to the desired shape and bonded together to hold
that shape to thereby form the rigid core. The article,
a tire, is then formed on the core and after the article
is completed, it is necessary to remove the core from
the interior of the article and cure the tire.

Core removal and tire cure have been achieved by
flowing a hot caustic solution through the interior of

the article. The hot caustic material dissolves the
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bond holding the grains of the particulate material
together and additionally entrains the loosened parti-
culate grains to remove them from the interior of the
article in the fluid stream.

Motive force for the corrosive liquid to drive
the same through the interior of the article has been
provided by mechanical pumps of various types as,
for example, centrifugal pumps which, of course, have
components in actual content with the caustic material.
Consequently, the corrosive nature of the caustic ma-
terial rapidly deteriorates seals in the pump Or pumps
used with the consequence that leaks develop. This is
quite undesirable since the system must be taken out of
production frequently for seal replacement and, of
course, the presence of hot, highly corrosive caustic
material, usually under elevated pressure, emanating
from leaks in a flow path provides a hostile working
environment.

All of the caustic material will be reused after
it has washed the particulate core out of an article
and cured the tire. To the extent that small gquantities
of particulate fines may be entrained in the recircula-
ting solution, such fines further incréase the wear

rate of pump seals and accentuate the problem.

Disclosure of the Invention

The present invention is directed to overcoming
one or more of the problems as set forth above.

According to the present invention there is pro-
vided a system for transporting highly corrosive liquid
without contacting the liquid with a mechanical pump.
The system includes a source of gas under pressure and
first and second corrosive liquid reservoirs connected

in parallel to the gas source such that one or the
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other, but not both, may receive pressurized gas there-
from. Means are provided for connecting one or the
other, but not both, of the reservoirs to a point of use
of the corrosive liquid and specifically, for connecting
the reservoir receiving pressurized gas to the point of
use. Means are also provided for receiving a mixture of
the corrosive liquid, after use, for conveying the corro-
sive liquid to one or the other, but not both, of the
reservoirs, and specifically the reservoir not then
receiving pressurized gas from the source.

As a conseguence, gas under pressure drives the
corrosive liquid from one reservoir to the point of use
and then to the other reservoir to be collected and then
subsequently driven from that reservoir to the point of
use to the first mentioned reservoir. No mechanical
pumps in contact with the corrosive liguid are required
thereby obviating the problems of frequent down time and
corrosive liquid leaks.

Brief Description of the Drawings

The Fig. is a schematic flow diagramof a corrosive
liquid transporting systemmade according to the invention.

Best Mode for Carrying Out the Invention

With reference to the Figure, a point of use of
a highly corrosive liquid is generally designated 10
and for explanatory purposes may be considered to be
a tire 12 made according to the teachings of the pre-
viously identified United States Letters Patent to
Grawey. Typically then, the corrosive liquid will be
a hot caustic solution under pressure which is driven
into the interior of the tire via a valve stem shown
schematically at 14 and which exits the tire 12 from
an opposed valve stem, shown schematically at 16. How-

ever, it is to be understood that the system is not
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limited to use in the formation of tires but may be
used wherever the transporting of highly corrosive
materials, whether caustic or acidic, in a flow path

is required and pump wear and/or leaks is a significant
problem. The invention is particularly advantageous
where not only is corrosive liquid being moved in a
flow path, but where there is a mixture of the corro-
sive liqguid and a particulate material.

Corrosive liquid may be supplied to the point of
use via a line 18 which is connectable through a three-
way valve 20 to either of two reservoirs 22 and 24,
both in form of pressure vessels.

The pressure vessels 22 and 24 have outlets 26
and 28, respectively, connected to the valve 20. The
valve 20 is operable, either manually or by means of
a control actuator, to direct liquid from the vessel
24 exiting the outlet 28 to the line 18 while sealing
the outlet 26 of the vessel 22 or vice versa. 1In a pre-
ferred embodiment of the invention, each of the pressure
vessels 22 and 24 is provided with interior heating ele-
ments 30 by which the corrosive liquid contained in
either may be selectively heated to an elevated tempera-
ture.

Each of the vessels 22 and 24 is provided with
an inlet 32, and 34, respectively, and the inlets
32 and 34 are connected in parallel to a three-way valve
36. Corrosive ligquid in a line 40 is recovered from the
point of use 10 by means to be described in greater
detail hereinafter and directed to the valve 36. The
valve 36, either manually or automatically, may be
conditioned to direct the corrosive liquid to the
interior of the vessel 22 via the inlet 32 while
blocking the inlet 34 for the pressure vessel 24 or

vice versa.

PCT/US80/01466
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The corrosive liquid directed to the line 40
is received from the point of use 10 via a line 42
connected to the valve stem 16. The line 42 is con-
nected to the inlet of a settling tank 44 which is a
sealed pressure vessel and of sufficient size so that
liquid velocity therein is minimal. Particulate
material from the dissolving core within the tire 12
is entrained in the liquid exiting the tire 12 on the
line 42 and enters the settling tank 44 therewith. By
gravity, the same settles to the bottom of the settling
tank 44. The bottom of the tank 44 is provided with a
valved outlet 46 which may be periodically opened to al-
low accumulated particulate material to exit the vessel
44 into a hopper 48.

The settling tank 44 also includes an upper out-
let 50 which is connected to the inlet of a conventional
cyclone separator 52. An upper outlet 54 of the cyclone
separator is connected to the line 40 while a lower out-
let 56 from the cyclone separator 52 is connected to a
sealed holding tank 58 which in turn has a valved out-
let 60 leading to the hopper 48.

Particulate fines which do not readily separate
within the settling tank 44 are separated from the corro-
sive liquid in the cyclone separator 52 and will settle
in a conventional fashion to accumulate in the holding
tank 58. They may be periodically removed therefrom
through suitable operation of the valved outlet 60.

Separated particulate received in the hopper 48
is then directed to a conventional draining and/or
drying system, generally designated 62, to be collected

for subsequent reuse or disposal as desired.
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Returning to the reservoirs 22 and 24, at the
upper ends of each there is provided an inlet-outlet
port, 64 and 66, respectively. For the configuration
shown in the Figure, port 64 on the reservoir 22 is
serving a gas outlet function while the port 66 on the
reservoir 24 is serving a gas inlet function.

The ports 64 and 66 are connected in parallel
via valves 68 and 70, respectively, to the inlet of
a conventional gas scrubbing device 72. The outlet of
the gas scrubbing device is connected to a low pressure
regulator 74 and then to a line 75 to the inlet 76 of
an air compressor 78.

The ports 64 and 66 are also connected to a
three-way valve 80 which in turn is connected to the
outlet 82 of the air compressor 78 by a line 84.

The outlet 82 of the air compressor 78 is con-
nected via a high pressure regulator 86 to a tank 88.

The line 75 is also connected to the tank 88 via a
pressure regulator 90 which normally will be set at a
valve just below the setting on the regulator 74.
Lastly, a heater 92 may be incorporated in the line 18
in addition to or as an alternate for the heaters 30.

Thus, it will be appreciated that the three-way
valve 80 can be adjusted, either manually or automatical-
ly, to direct air under pressure from the air compressor
78 to the interior of the pressure vessel 24 as shown
while blocking the port 64 of the pressure vessel 22 or
vice versa. It will be appreciated from the foregoing )
description that the entire system is sealed save for the
regulatable outlets for the particulate materials, 2
namely, the valved outlets 46 and 60. The described
system is a closed system and during the operational

cycle no gas enters or leaves the system. Thus, the
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mass of gas in the system remains constant but the vol-
ume ratio of high to low pressure gas changes as the
liquid level changes in the vessels 22 and 24. The tank
82 serves as a reservoir for that mass of gas not active
in the system during part of the cycle, and either re-
ceives gas from the pressure regulator 86, when pressure
is higher .than required in line 84, or expels gas
through the pressure regulator 90 when the pressure in
the 1line 75 is less than that controlled by the pressure
regulator 74. The pressure regulator 74 may be set at
any desired pressure so long as it is lower than the
pressure setting on the regulator 86 so that a pressure
differential will exist for flow purposes as will be
seen. This is particularly desirable where the corro-
sive liquid is to be heated by the heaters 30 to a
temperature in excess of its boiling point at atmospheric
pressure. The minimum system pressure can be set on the
regulator 74 at a sufficiently high level so as to pre-
vent the occurrence of boiling of the corrosive liquid
anywhere within the system.

Though not shown herein, it is generally desir-
able to provide a venting valve in the line 42 whereby
the interior of the tire 12 can be vented to atmosphere
at the conclusion of the core removal process. Such a
valve allows any residual pressure remaining in the tire
12 to be vented to atmosphere prior to removal of the
tire 12 from the flow system to avoid any pressurized
discharge of gas or caustic solution when the system
connections at the valve stems 14 and 16 are removed.

In some cases, it may be desirable to provide
for a connection of the line 18 to a high pressure air
source as by a valve that simultaneously prevents flow
in the line 18 from the heater 92 and introduces pres-
surized air into the tire through the valve stem 14.
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The purpose of such a construction is to flush any
corrosive liquid remaining within the interior of the
tire 12 as well as any residual core material therein,
out of the tire 12 at the conclusion of corrosive liquid
circulation and prior to removal of the tire from the
system. Any such material flushed by the high pressure
air will exit on the line 42 to the settling tank 44.
Finally, a further high pressure air inlet to the
system may be provided between the outlet of the air
compressor 78 and the pressure regulator 86 for the
purpose of initially charging the system with a suffi-
cient volume of air so as to enable closed loop opera-

tion thereafter, as will be seen.

Industrial Applicability

Operation of the system is as follows. Assuming
the three-way valves 20, 36 and 80 are in the positions
illustrated in the figure, the valve 70 will be closed
while the valve 68 will be opened. Typically, the
valved outlets 46 and 60 will be closed, although they
may be periodically opened when a predetermined parti-
culate level in either the settling tank 44 or the hold-
ing tank 58 has been reached, to bring the particulate
level down to some predetermined minimum. ~Compressed
air from the air compressor 78 will be provided at a
relatively high pressure to the line 84. The high
gaseous pressure will be applied via the line 84, the
three-way valve 80, and the port 66 to the interior of
the pressure vessel 24. Heated, highly corrosive cau-
stic will be driven from the pressure vessel 24 via the
valve 20 and the line 18 to the inlet 14 for the tire
12. The hot caustic will dissolve or loosen the bond
between the particulate material in the core of the

tire 12 and a mixture of corrosive liguid and particulate
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will exit the +ire 12 via the valve stem 16 on the line
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42, From there, the mixturs w
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tank 44 wherein the vast majority of the varticulate
will settle out. The corrosive liquid, containing a
small amount of particulate fines, will then exit the
settling tank 44 via the outlet 50 to enter the cyclone
separator 52 in which the fines will be separated from
the corrosive liquid. The fully separated corrosive
ligquid will exit the outlet 54 of the cyclone separator
and on the line 40 be directed by the three-way valve
36 to the inlet 32 of the reservoir 22. Since the outlet
26 of the reservoir 22 is closed by the valve 20, air -
within the pressure vessel 22 will be displaced by the
incoming corrosive liquid and will exit the vessel 22
via the port 64. The air will pass through the open
valve 68 to the scrubber 72 whiéh will remove any fine
droplets or vapor from the corrosive liguid. It will
then pass at the pressure determined by the pressure
regulator 74 to the line 75 and the inlet 76 for the com-
pressor 78 to have its pressure elevated for recycling.

The vessels 22 and 24 can be suitably sized so
that they will contain a sufficient amount of corrosive
liquid as to fully dissolve the core and completely curs
the largest tire 12 for which the system is intended.
Thus, once the reservoir 24 has been exhausted of cor-
rosive liquid, the valve 20 may be suitably operated so
as to close off both of the outlets 26 and 28 or the
vessels 22 and 24 and the tire 12 removed and another
tire with core intact replaced therein. During the
preceding operation, the corrosive ligquid that has
been accumulated in the vessel 22 can be heated. As-
suming that it has been sufficiently heatsd, the valve
20 may then be operated so as to connect the outlet 26

of the vessel 22 to the line 18 while blocking the outlet
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28 of the vessel 24. The valve 68 will then be closed
while the valve 70 will be opened. Additionally, the
valve 36 will be manipulated so as to direct recovered
corrosive liguid incoming on the line 40 to the vessel
24 via its inlet 34. Finally, the valve 80 will be ad-
justed so as to direct air under elevated pressure in-
coming on the line 84 from the compressor 78 to the port
64 for the vessel 22. As a consequence, the recovered
caustic will be driven therefrom and through the newly
placed tire 12 at the point of use 10. During this
subsequent operation, recovered corrosive liquid will
replenish the vessel 24 and air driven therefrom will
be scrubbed by ‘the scrubber 72 and recompressed by the
compressor 78 until the cycle is completed. At this
time, a new tire with core intact is placed at the point
of use 10 and suitably connected to the lines 18 and 42,
and the operation repeated using corrosive liguid from
the vessel 24.

Alternately, where the vessels 22 and 24 are of
lesser size and each one containing an insufficient
quantity of corrosive liquid to complete a core washout
and cure cycle, the system may be operated in the same
fashion described above until either the vessel 22 or
the vessel 24 is nearly empty and the receiving vessel
24 or 22 very nearly full. At this time, flow is
stopped by placing both valves 68 and 70 in an open
condition thereby allowing gas pressure in the vessels
22 and 24 to equalize. Valves 20, 36 and 80 are then
switched and one or the other of the valves 68 and 70
closed to cause the liquid to flow from the nearly full
one of the vessels 22 and 24 as soon as the air compres-

sor 78 has established an adequate pressure differential.
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Of considerable significance in the foregoing is
the fact that the system provides uniform flow in a
closed loop throughout the core removal and/or curing
process. By way of example, and for the settings of the
valves 36 and 80 as shown in the Fig., at the beginning
of the flow cycle the vessel 22 would contain, for exam-
ple, 210 cubic feet of air at 300 psi while the vessel
24, being principally filled with corrosive ligquid might
contain 10 cubic feet of air at 400 psi to provide a
100 psi pressure differential to cause liquid flow. At
the end of the flow cycle, the wvessel 22, having been
filled with the liquid, would contain 10 cubic feet of
air at 300 psi while the tank 24, now substantially
empty, would contain 210 cubic feet of air at 400 psi.

It would thus be appreciated that some additional
mass of air must be added to the loop to increase the
pressure 0f 200 cubic feet of air by 100 psi. Such
additional air is obtained from the tank 88 as required.

The supply of the additional air which provides
uniform flow throughout the cycle is controlled by the
unique arrangement of the pressure regulating valves
74, 86 and 90. For a cycle utilizing a pressure dif-
ferential of 100 psi and a low pressure of 300 psi with
a high pressure of 400 psi, the valve 74 would be set
to open at 300 psi so that as the volume of liquid in
the vessel 22 increases, the resultant pressure build-up
will cause the valve 74 to open to supply air to the
inlet of the compressor 78. However, as will be ap-
parent, the mass of air thus received will be insuffi-
cient to provide the same volume of air at the higher
pressure.
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Thus, the pressure regulator 90, which opens in
response to sensed pressure in the line 76 as shown in
the drawing, would be set at, for example, 295 psi.
When there is insufficient air at the inlet of the com-
pressor 78 to supply the system needs, the pressure in
the line 75 will begin to drop. When it drops below the
setting of the regulator 90, the compressor 78 will not
only receive inlet air from the regulator 74, but from
the tank 88 through the regulator 90 as well, the latter
allowing sufficient flow of air to meet system needs.
This will occur throughout the flow cycle insuring that
the compressor 78 has sufficient air at its inlet to
generate the desired output pressure, here 400 psi.

When, during system operation, the air pressure
at the outlet of the compressor 78 on line 82 exceeds
the maximum desired system pressure, the regulator 86
which is set at such maximum pressure, here 400 psi,
opens to allow the excess volume of air to flow into
the tank 88 thereby maintaining maximum pressure at
400 psi while increasing the air supply in the tank 88.

Thus, it can be seen that the minimum system
pressure 1is maintained uniformly throughout the cycle
through action of the regulator 74 while the regulator
86 uniformly maintains maximum system pressure. The
regulator 90 opens as is required to provide sufficient
additional air to the compressor 78 to enable it to
maintain the desired maximum system pressure at its
outlet. And since the pressures are uniformly main-
tained, substantially uniform flow will occur throughout

the process.
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From the foregoing, it will be appreciated that
flow of the corrosive liquid is accomplished entirely
through the use of pressure differentials established
by suitable adjustment of the pressure regulators 74,
86 and 90 and that mechanical pumps are not required
in the system. As a result, rapid seal deterioration
and associated down time and corrosive liquid leaks
found in the prior art system are entirely avoided.
Efficiency of the operation is therefore greatly en-
hanced and the troublesome pump leaks at seals therein
completely eliminated to provide a more desirable work-
ing environment.

In addition, the system can be applied to the
vulcanization mode, concurrently with the removal of
the particulate core, without the necessity of carcass
molds.
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Claims

1. A system for transporting a mixture of a
highly corrosive liquid and a particulate material and
separating the latter from the former while recovering
the corrosive liguid and not requiring mechanical
pumps comprising:

a source (78,82) of gas under pressure;

first and second corrosive liquid reservoirs (22,
24) connected in parallel (64,66,80,84) to said source
such that one or the other, but not both, may receive
pressurized gas therefrom;

means (20) for connecting one or the other, but
not both, of said reservoirs to a point of use (10) of
the corrosive liquid and specifically, for connecting
the reservoir receiving pressurized gas to said point
of use;

“means (44,52) for receiving a mixture of the
corrosive liquid, after use, and particulate material
and for separating the mixture into its components of
particulate material and corrosive liquid; and

means (36) for conveying the separated corrosive
liquid to one or the other, but not both, of the reser-
voirs, and specifically the reservoir not then receiving

pressurized gas from the source.

2. The system of claim 1 wherein said source
comprises a compressor (78) having an outlet (86) con-
nectable to one or the other, but not both, of said
reservoirs and an inlet (76) connectable to one or the
other, but not both, of said reservoirs, and specifically

the reservoir not then connected to said outlet.
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3. The system of claim 2 further including a
scrubber (72) and a pressure regulator (74) in series
with each other and with said inlet and said reservoirs.

4. The system of claim 3 wherein said receiving
and separating means comprise a settling tank (44) and
a cyclone separator (52), said settling tank being up-
stream of said cyclone separator, and selectively opera-
ble means (46,60) for withdrawing particulate material

therefrom.

5. A system for transporting a mixture of a
highly corrosive liquid and a particulate material and
separating the latter from the former while recovering
the corrosive liquid and not requiring mechanical pumps
comprising:

an air compressor (78) having an inlet (76) for
receiving air under a relatively low pressure and an
outlet (82) for providing air under relatively high
pressure;

an air scrubber (72) connected to said inlet;

a tank (88) connected to said outlet;

first and second pressure vessels (22,24) each
having an inlet (32,34), and outlet (26,28), and an
inlet-outlet port (64,66);

‘ first valve (68,70,80) means for cross connecting
said air compressor and said scrubber with said vessel
ports;

second valve (20) means for connecting one or
the other of said vessel outlets, but not both, to a
point of use (10) of corrosive ligquid; and

third valve means (36) for receiving corrosive
liquid downstream from said point of use and directing

the corrosive liquid to one or the other of said
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vessel inlets, but not both;

whereby air under relatively high pressure from
said compressor may alternately be directed by said
first valve means to (a) one of said pressure vessels
to drive corrosive liquid therefrom via said second
valve means to said point of use and thence via said
third valve means to the other of said pressure vessels
with air displaced from said other pressure vessel by
said corrosive ligquid being conveyed to said compressor
inlet via said first valve means and said scrubber, or
(b) the other of said pressure vessels to drive corro-
sive liquid therefrom via said second valve means to
said point of use and thence via said third valve means
to said one vessel with air displaced therefrom by said
corrosive liquid being conveyed to said compressor inlet

via said first valve means and said scrubber.

6. The system of claim 5 further including a low
pressure regulator (74) interconnecting said scrubber
and said compressor inlet and a high pressure regulator
(86) connected to said compressor outlet, and heating

means (30) for heating corrosive liquid in said system.

7. The system of claim 5 further including
separating means (44,52) upstream of said third valve
means and downstream of said point of use for separating
foreign material from said corrosive liquid prior to
receipt of the corrosive liquid by said third valve *

means.

8. A system for transporting a mixture of a
highly corrosive liquid and a particulate material and

separating the latter from the former while recovering
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the corrosive liquid and not requiring mechanical pumps
comprising:

an air compressor (78) having an inlet (76) for
receiving air under a relatively low pressure and an out-
let (82) for providing air under relatively high pres-
sure; a tank (88) interconnecting said inlet and said
outlet; means (86) between said outlet (82) and said tank
(88) for selectively allowing high pressure air to flow
from said outlet (82) to said tank (88); means (90)
between said inlet (76) and said tank (88) for control-
ling the flow of air from said tank to said inlet (76);
first and second pressure vessels (22,24) connected in
parallel (64,66,80,84) to said outlet (82) such that
one or the other, but not both, may receive pressurized
air therefrom; means (20) for connecting one or the
other, but not both, of said vessels (22,24) to a point
of use (10) of the corrosive liquid and specifically,
for connecting the vessel receiving pressurized air to
said point of use (10); means (44,52) for receiving a
mixture of the corrosive liquid, after use, and parti-
culate material and for separating the mixture into its
components of particulate material and corrosive liguid;
means (36) for conveying the separated corrosive liquid
to one or the other, but not both, of the vessels (22,
24), and specifically the vessel not then receiving
pressurized air from the outlet (82); means (68,70)
for connecting one or the other of said vessels (22,24)
to said inlet (76) and specifically, for connecting
the vessel not receiving pressurized air to said inlet;
and means (74,75) between said inlet connecting means
(68,70) and said inlet (76) for regulating the flow of
air from the vessel not receiving pressurized air to said
inlet (76) and for controlling said means (90) between

said tank and said inlet.
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9. The system of claim 8 wherein said means
between said outlet and said tank comprise a high
pressure regulator, said means between said tank and
said inlet comprises a first low pressure regulator,
and said means between said inlet connecting means

and said inlet comprise a second low pressure regulator.

10. The system of claim 9 wherein said first low
pressure regulator is connected to open when the pres-
sure between said second low pressure regulator and

said inlet falls below a predetermined value.

iy
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