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(57) Claim

1. A liquid degassing system comprising:

(a) a system inlet for receiving a liquid to be
degassed;

(b) a closed reservoir having reservoir inlet means

proximate one end of the reservoir and a reservoir outlet
proximate an opposite end of the reservoir;

(c) a system outlet for feeding the liquid in a

g e

degassed condition Irom the reservoir outlet;

(d) liquid control means for selectively producing
and inhibiting a flow of the liquid from the system inlet
to the system outlet, substantially all of the flow
passing serially from the system inlet through the
reservoir inlet means into the reservoir, and from the
reservoir outlet to the system outlet;

(e) vacuum means for producing a wvacuum;

(f) vacuum control means for selectiyely applying
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the vacuum to the reservoir inlet means of the reservoir
when the flow of liquid is inhibited, whereby gas from the
liquid in the reservoir is transported to the vacuum
means; and

(g) means for preventing gas flow from the reservoir
outlet.
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(57) Abstract

- A liquid degassing system including a liquid reservoir (22) having an inlet (24) to receive a liquid to be degassed and
an outlet (26) through which degassed liquid may flow. A vacuum source is controllably connected through a valve (16) to
the reservoir to draw gas out of the liquid held within the reservoir. A valve (16) in a liquid inlet conduit supplying the res-
ervoir may interrupt flow to the reservoir while vacuuin is applied thereto. A second (32) valve in an outlet conduit cor-
nected to the reservoir may interrupt flow from the reservoir when vacuum is applied to the reservoir,
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LIQUID DEGASSING SYSTEM

Field of the Invention
The present invention relates generally to the
field of liquid handling and processing systems and more
particularly to the field of liquid degassing.

BACKGROUND OF THE INVENTION

It is well known that gases such as air can be
dissolved into and carried by liquids such as water. For
example, it is common to find dissolved air in deionized
water supply lines in chemical and biological research
facilities, clinical chemistry laboratories and
hospitals. It is also common to f£ind gas bubbles in such
water supply lines. .

Although many uses of such deionized water
supplies may tolerate dissolved gas as gas bubbles very
well, such gas in some applicatibns can prove
tyL .1g. As an example, the performance of automated
clinical chemistry analyzers can be adversely affected by
the gas often found in deionized water supply lines.

More particularly, it is common practice in
automated clinical chemistry analyzers to employ a sample
transfer system to transfer samples, such as patient body
fluid specimens, from a sample cup to a reaction
cuvette. In the reaction cuvette, reagents may be added
to the sample and the resulting reaction monitored to
ultimately determine the concentration of a substance in
the sample. Typically, the sample transfer system
includes a probe that is connected both to a precision
metering syringe-type pump and to a source of deionized
water. The probe may be connected via a flexible tube or
conduit to a tee fitting with the tee fitting in turn
connected to the syringe pump and to a pinch valve that
is supplied with deionized water. The syringe pump is
used to draw a precise predetermined volume of sample

PCT/US88/02020
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into the probe and then dispense the sample volume into
the reaction cuvette. Once such a transfer is completed,
the pinch valve is opened and deionized water is passed
through the probe to flush the interior of the probe.

The external surfaces of the probe may also be washed to
thereby minimize carryover of sample from one transfer
operation to the next.

A common problem experienced with sample
transfer systems like the one just described is the
formation or collection of gas bubbles in the conduit
between the syringe pump and the probe. Deionized water
remains in this portion of the conduit after the probe

has been flushed. 1In part because the retained deionized

water is no longer under pressure and due to cooling of
the conduit, dissolved gas in the water comes out of
solution, forming gas bubbles in the conduit. Also, gas
bubbles in the deionized water supply may £ind their way
in%o this portion of the conduit. Unfortunately, the

amount of sample metered by the syringe pump may vary due

to the compressibility of these gas bubbles. These
variations can be particularly troubling because the
accuracy of the sample analysis depends in part upon the
precision with which the sample is metered into the
reaction cuvette.

Automated analyzers of the type just described
also commonly employ reagent transfer systems for
transferring reagents from storage vessels to the
reaction cuvette. Such reagent transfer systems may be
essentially identical to the sample transfer system just
described and thus suffer from the same difficulty with
the accuracy of reagent volume delivered to the reaction
cuvette. Also, reagents may be stored in a refrigerated
environment. Before being transferred to the reaction
cuvette, the reagents must be heated to the reaction
temperature. This heating is also known to cause
dissolved gasses in the reagents to form gas bubbles

PCT/US88/02020
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elther in the reagent transfer aystem or in the reaction
cuvette where such bubbles can interfere with the sensing
techniqqe, such as electrochemistry, colorimetry, or
nephelomatry.

Thus, it is knfwn in clinical chemistry
anglyzers to attempt to remove gas from liquids before
gas bubbles can form or collect which may affect analyzer
performance. For example, it is known to utillze a
degassar in the form of a small liquid reservoir having
an open end over which a membrane or a hydrophobic £llter
i3 retaired. The membrane or £ilter is permeable to gas
but is not permeable to liquid. With the passage of
time, dissolved gas or gas bubbles in the liquld held in
the reservoir will gradually pass through the gas
permeable memorane or filter. Unfortunately, this type
of liguld degasser is very slow and can only be used
where very small volumes of liquid are required over a
given time period. If the membrane falls or i{f the
hydrophobic fllter becomes wetted, liquid leakage from
the reservoir will result, Also, if a large gas bubble
or a series of smallar bubbles enter the reservolr, the
bubbles may be drawn through the degasser before the gas
bubbles can pass through the membrane or £ilter,

Thus, there is a need for a liquid degassing
system which can quickly process larger volumes of liquid
than those devices known in the prior art. Furthermore,
such a system should reduce or eliminate potential
leakage which may otherwise result from membrane failure
in such known systems.

SUMMARY OF THE INVENTION

THerefore, one broad form of the present
invention provides a liguid degassing system comprising
a system inlet for receiving a liquid tec be degassed; ’
a closed reservéir having reservoir inlet means proxime

ate one end of the reservoir and a reservoir outlet
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proximate an opposite end of the reservoir; a system
outlet for feeding the ligquid in a degassed condition from
the reservoir outlet; liquid control means for selectively
producing and inhibiting a flow of the liquid from the
system inlet to the system outlet, substantially all of
the flow passing serially from the system inlet through
the reservoir inlet means into the reservoir, and from the
reservolr outlet to the system outlet; vacuum means for
producing a vacuum; vacuum control means for selectively
applying the vacuum to the reservoir inlet means of the
reservoir when the flow of liquid is inhibited, whereby
gas from the liquid in the reservoir is transported to the
vacuum means; and means for preventing gas flow from the
reservoir outlet.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates in simplified form a liquid
degassing system in accordance with the present invention.

Figure 2 illustrates a modification of the degassing
reservoir of ths system of Figure 1.

DETAILED DESCRIPTION OF THE INVENTION

With reference to Figure 1, a liquid degassing system
10 in accordance with the present invention is connected
to a supply corduit 12 which carries pressurized liquid to
be degasssed. 1In the embodiment disclosed herein, the
supply conduit 12 carries deionized water from a suitable
source thereof at approximately 10 psig. The supply
conduit 12 is connected to a normally closed port 14 of a
solenoid operated valve 16. The valve 16 includes an
outlet port 18 which is connected via a conduit 20 to a
degassing reservoir 22 shown in cross section in Figure 1.
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The degassing reservoir 22 is generally in the
. form of a closed cylinder and includes an inlet port 24
to which the conduit 20 is connected and an outlet port
26. The inlet and outlet ports 24 and 26 are disposed on
' opposite ends of the degassing reservoir 22 with the
inlet port 24 positioned at the top of the reservoir
22, The reservoir 22 is positioned with respect to the
valve 16 such that the inlet port 24 is below the outlet
port 18 and the conduit 20 is short. In the embodiment
disclosed herein, the conduit- is about six inches long.
The orientation of the inlet port 24, the placement of
the reservoir 22 with respect to the valve 16, and the
length of the conduit 20 all help obtain efficient and
rapid removal of gas bubbles from the reservoir 22
through the conduit 20 and valve 16 as is described below
with reference to the operation of the system 10.

A hollow cylindrical filter element 28 is
disposed within the degassing reservoir 22 in the flow
path between the inlet and outlet ports 24 and 26. More
particularly, liquid flowing into the degassiﬁg reservoir
22 first flows about the filter element 28 between the
filter element 28 and the wall of the reservoir 22. The
liquid then flows through the filter element 28 and out
of the reservoir 22 through the outlet port 26. As so
configured, a baffle 29 proximate the inlet port 24 and
the material comprising the filter element 28 deflect the
direct flow of liquid through the reservoir 22. The

QL

filter element 28 may also provide a large surface area

within the degassing reservoir 22 upon which dissolved
gas may form.

¢ iy T SR 8

In the embodiment disclosed herein, the
degassing reservoir is a in-line liquid filter model DFU Pt
9900, type DX filter tube available from Balston, Inc.,

703 Massachusetts Avenue, Lexington, Mass. 02173. The
liquid flow through the filter is reversed from normal
liquid flow when the filter is used only to provide in-
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line particulate filtering. As so connected, the f£ilter
element 28 and baffle 29 enhance liquid degassing,
preventing liquid from flowing directly between the inlet
and outlet ports 24 and 26.

It is to be recognized that various forms of the
regservoir 22 are equally suitable, such as a large
reservolir that discourages a direct liquid path between
the inlet and outlet, or the use of other baffles or
packing material that would provide the same effect. By
using the filter element 28, discrete gas bubbles tend to
remain on the outside surface of the element 28 for ready
removal, rather than passing through the element 28
toward the outlet 26.

The outlet port 26 of the degassing reservoir 22
is connected through a conduit 30 and check valve 32 to
an outlet conduit 34 of the liquid degassing system 10.
The cutlet conduit 34 provides a source of degassed
liquid. For example, in the context of an automated
clinical analyzer, che outlet conduit 34 may be connected
through suitable pinch valves to reagent and/ér sample
liquid transfer probes for cleaning the prcbes by
flushing deionized and degaused water therethrough as is
known in the art.

Continuing now with the system 10 of the present
invention, the valve 16 includes a normally open port 36
which is connected via a conduit 38 and check valve 40 to
a liquid trap 42. The liquid trap 42 is in the form of a

.sealed vessel. A drain conduit 44 includes an open end

46 disposed proximate the bottom of the liquid trap 42.
The drain conduit 44 is connected through a check valve
48 to a suitable drain. An outlet port 50 of a

solenoid operated valve 52 is connected by a conduit 54
to the liquid trap 42. A normally closed port 56 of the
valve 52 is connected via a conduit 58 to a suitable
source of pressurized gas useful for draining the liquid
trap 42 and a normally open port 62 of the valve 52 is

PCT/US88/02020
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connected via a conduit 64 to a suitable source of
vacuum. Both of the solenoid operated valves 16 and 52
are controlled by means of a suitable controller (not
shown) implementing the timing and control functions now
to be described.

To begin the operation of the liquid degassing
system 10, the system 10 is first primed by energizing
the valve 16. When energized, the port 14 is connected
to cthe port 18 and the port 36 is closed. Liquid flows
from the supply conduit 12 through the valve 16 and the
conduit 20 to the degassing reservoir 22, filling the
reservoir 22, The flow of the liquid from the degassing
reservoir 22 may be metered, for example, by the liquid
demands of external devices connected to the outlet
conduit 34.

With the system 10 primed, the valve 16 is de-
energized. With the valve 16 de-energized, the outlet
port 18 is connected to the port 36 and the port 14 is
closed. The vacuum pulled in the conduit 64 is conducted
through the valve 52 and conduit 54 to the liquid trap
42, In turn, the vacuum is applied via the conduit 38
and the check valve 40 through the valve 16 to the
degassing reservoir 22. The vacuum applied to the
degassing reservoir 22 causes dissolved gas in the liquid
contained within the reservoir 22 to form gas bubbles on
the interior surface of the reservoir 22 and the filter
element 28. These bubbles along with gas bubbles that
may be included in the liquid, both illustrated in
enlarged fashion by gas bubbles 66, are drawn out of the
reservoir 22 via the inlet port 24. The gas bubbles are
drawn through the conduit 20, valve 16, conduit 38, and
valve 40 into the liquid trap 42. The degassing is
relatively rapid with gas bubbles 66 quickly forming
within the reservoir 22 and being drawn into the liquid
trap 42. As the bubbles 66 move along the path between
the degassing reservoir 22 and the liquid trap 42, some \

i
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liquid is carried with the bubbles. The liquid is
captured in the lower portion of the liquid trap 42.

When the external devices connected to the
conduit 34 require liquid from the system 10, the valve
16 is energized, reconnecting the outlet port 18 with the
port 14 and closing the port 36. Degassed liquid may
then be drawn through the outlet conduit 34 from the
degassing reservoir 22.

Periodically, the system controller energizes
the valve 52. The port 62 is closed and pressurized gas
applied to the port 56 via the conduit 58 is thus
connected through the valve 52 to the liquid trap 42 and
closing the port 56. Liquid temporarily stored within
the trap 42 is forced out of the trap 42 under the
influence of the pressurized gas through the conduit 44
and check valve 48 to a suitable disposal point such as a
liquid drain. The valve 52 is then de-energized,
reconnecting the vacuum drawn in the conduit 64 to the
reservoir 42.

The system controller may synchronize the
operation of the valve 16 with demand from devices
connected to the conduit 34 such that no liquid from the
system 10 is required while the valve 16 is de-
energized. For example, if the conduit 34 is connected
to a pinch valve used in a sample transfer system as
described above, the system controller may synchronize
the operation of the valve 16 such that the valve 16 is
energized just before the pinch valve is opened. Also,
the system controller may synchronize the operation of
the valves 16 and 52 such that the valves 16 and 52 are
not simultaneously energized.

Each of the check valves 32, 40 and 48 prevent
unwanted back flow in the associated conduits. Check
valve 32 prevents back flow into the degassing reservoir
22 when vacuum is applied thereto via the valve 16.
Check valve 40 prevents back flow into the reservoir 22
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when the liquid trap 42 is pressurized via conduits 58
and 54 and the valve 52. Lastly, check valve 48 prevents
back flow i-to the liquid trap 42 when vacuum is applied
thereto via the conduits 64 and 54 and the valve 52.

In the embodiment disclosed herein, the volume
of the degassing reservoir 22 is approximately 50 ml.
A complete degassing and liquid removal cycle consists of
the application of vacuum to the reservoir 22 for about
eight seconds followed by removal of about ten percent of
the liquid in the reservoir 22 through the conduit 30.

‘ The vacuum applied is approximately 28 in. of mercury
.developed by a vacuum pump, although other suitable
vacuum sources such a peristaltic pump may be used.

Modifications to the system 10 will be readily
apparent to those skilled in the art. For example,
vacuum may be applied to the reservoir for degassing
purposes through a separate conduit. 1In such an
embodiment as illustrated in Figure 2, a separate
degassing outlet 70 may be included in a degassing
reservoir 72. Such a degassing outlet 70, preferrably
positioned at the top of the reservoir 72 to obtain easy
removal of gas bubbles accumulated therein, may be
connected to a two-port solenoid controlled valve 74 that
is in turn connected to the conduit 35. The valve 16
would be replaced with a two-port solenoid controlled
valve 76 connected between the conduits 12 and 20. The
operation of such two two-port valves 74 and 76 would be
synchronized to apply either vacuum or liquid to the
degassing reservoir 72.

e = o e Y

Furthermore, a peristaltic pump may be used to
develop the vacuum required for the system 10. A
peristaltic pump may also be used to control and/or pump Jé
liquid into the degassing reservoir. The inherent |
valving action of peristaltic pumps may be used to
eliminate check valves, all in a fashion that wiitl be
readily apparent to those skilled in the art. For
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example, a peristaltic pump in the conduit 12 and a
peristaltic pump in the conduit 38 would replace the
valves 16 and 40, providing liquid pumping and,/or control
for liquid flowing into the reservoir 22 and vacuum to
provide the degassing action. The peristaltic pump in
the conduit 12 would also be used to pump degassed liquid
through the reservoir and out through the conduit 34 to
external devices,

Thus, the liquid degassing system 10 of the
present invention provides liquid degassing for a large
volumes of liquid as compared to the prior art devices
described above. The system 10 can remove substantial
volumes of gas carried by or dissolved within a liquid in
a short amount of time. The system 10 is simple yet
extremely effective and is particularly useful where a
degassed liquid, such as deicnized water, must be used to
prevent gas bubble formation or collection in liquid
handling devices fed by the liquid degassing system 10.

The present invention is not to be limited by
the foregoing description but is to be afforded the full
scope of the appended claims and all equivalents thereof.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-
1. A liquid degassing system comprising:

(a) a system inlet for receiving a liquid to be
degassed;

(b) a closed reservoir having reservoir inlet means
proximate one end of the reservoir and a reservoir outlet
proximate an opposite end of the reservoir;

(c) a system outlet for feeding the liquid in a
degassed condition from the reservoir outlet;

(d) liquid control means for selectively producing
and inhibiting a flow of the liquid from the system inlet
to the system outlet, substantially all of the flow
passing serially from the system inlet through the
reservoir inlet means into the reservoir, and from the
reservoir outlet to the system outlet;

(e) vacuum means for producing a vacuum;

(f£) vacuum control means for selectively applying
the vacuum to the reservoir inlet means of the reservoir
when the flow of liquid is inhibited, whereby gas from the
liquid in the reservoir is transported to the vacuum
means; and

(g) means for preventing gas flow from the reservoir
outlet.

2. The system of claim 1, wherein the reservoir inlet
means comprises a reservoir inlet port, and the vacuum is
applied through the inlet port.

3. The apparatus system of claim 1 or 2, wherein the

o b st i i

means for preventing gas flow from the reservoir outlet
comprises baffle means mounted within the reservoir, the
baffle means including a filter element whereby liquid
from the inlet means is adapted to pass through the filter
when travelling to the system outlet, and whereby gas flow i
through the filter is inhibited.

4, The system of claim 3, wherein the filter element has

a hollow, cylindrical shape, being mounted in line between

the inlet port and the outlet port, the baffle means

further comprising a baffle member mounted proximate the
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inlet port for deflecting the liquid from the inlet port
to the outside of the filter element.
5. The system of any one of the proceeding claims,
wherein the liquid control means comprises a first
solenoid valve connected between the system inlet and the
reservolr inlet means.
6. The system of claim 5, wherein the reservoir inlet
means comprises a reservoir inlet port; the first solenoid
valve comprises a first three-way valve having a ccrnmon
port in fluid communication with the reservoir inlet port,
and an inlet port in fluid communication with the system
inlet; and the vacuum control means comprises a vacuum

et port of the first three way valve, the vacuum port being
:.;:. in fluid communication with the vacuum means.

e 7. The system of any one of the proceeding claims,

T wherein the vacuum means further comprises:

egeeed (a) a vacuum source;

(b) a pressure source of pressurized gas;
(c) a trap chamker;
(d) means for selectively providing one of a first

[ XA X ]
.

cons’ fluid connection wherein the trap chamber is connected to
f::E the vacuum source and to the vacuum port of the first

e o three-way valve, and a second fluid connection wherein the
Teess"10 trap chamber is connected to the pressure source;

(e) means for exhausting liquid from the trap
chamber during the second fluid connection; and

esve (f) means for preventing the pressurized gas from
f°°j entering the reservoir.
8. The system of claim 5, wherein the liquid control

means further comprises an outlet one-way valve connected
between the reservoir outlet and the system outlet for
preventing fluid flow into the reservoir during activation !
of the vacuum control means. |
9. The system of any one of the proceeding claims,

wherein the vacuum control means comprises a second

solenoid valve connected between the reservoir inlet means

and the vacuum means.
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10. The system of claim 9, wherein the second solenoid
valve comprises a three-way valve having a common port, a
pressure port, and a vacuum port, the vacuum port being
connected to the vacuum means, the apparatus further
comprising:

(a) a pressure source of pressurized gas, connected
to the pressure port of the second solenoid valve;

(b) a trap chamber having a trap inlet, a trap
outlet, the trap outlet being connected to the common port
of the second solenoid valve, and a drain;

(c) a drain check valve connected to the drain for
preventing fluid flow into the trap chamber; and

(d) the vacuum control means further comprises:

(i) means for operating the second solenoid
valve for periodically connecting the pressure source to
the trap chamber for exhausting liquid out of the trap
chamber through the drain check valve; and

(ii) means for preventing the pressurized gas
from entering the reservoir.

11. The system of claim 10, wherein the means for
preventing the pressurized gas from entering the reservoir
comprises a vacuum check valve connected between the trap
inlet and the reservoir inlet means.

12. The system of claim 10 or 11, wherein the reservoir
inlet means comprises a reservoir inlet port; the liquid
control means comprises a first solenoid valve connected
between the system inlet and the reservoir inlet port, the
first solenoid valve comprising a first three-way valve
having a common port in fluid communication with the
reservoir inlet port, and an inlet port in fluid
communication with the system inlet; and the vacuum
control means comprises a vacuum port of the first three
way valve, the vacuum port being in fluid communication
with the vacuum means.

13. The system of claim 12, wherein the means for
preventing the pressurized gas from entering the reservoir
comprises a vacuum check valve connected between the trap
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inlet and the reservoir inlet means.
14, The system of claim 12 or 13, wherein the means for
preventing the pressurized gas from entering the reservoir
comprises means for synchronizing the operation of the
first and second solenoid valves, whereby actuation of the
second solenoid valve for connection of its common port to
its pressure port occurs only when the common port of the
first solenoid valve is connected to its inlet port.
15. The system of any one of claims 9-14, wherein the
reservoir inlet means comprises a reserveir inlet port.
16. The system of claim 9, wherein the reservoir inlet
means comprises a vacuum inlet proximate an upper
extremity of the reservoir, and a liquid inlet proximate
the one end of the reservoir.
17. The system of claim 1, wherein the reservoir inlet
means is located proximate a top end of the reservoir, the
reservoir outlet being located proximate a bottom end of
the reservoir.
18. The system of claim 17, wherein the liquid control
means comprise a first solenoid valve connected between
the system inlet and the reservoir inlet means, the first
solenoid valve comprising a first three-way valve having a
common pot in fluid communication with the reservoir inlet
means, an inlet port in fluid communication with the
system inlet, and the vacuum control means comprises a
vacuum port of the first three way valve, the vacuum port
being in fluid communication with the vacuum means, the

e0 10 vacuum being applied within a downwardly extending conduit
from the common port of the first three-way valve to the
reservoir inlet means, the conduit having a length of not
greater than approximately 6 inches.
19. The system of claim 1, wherein the means for
preventing gas flow from the reservoir outlet comprises a
cylindrical filter element mounted within the reservoir,
substantially all of the flow of liquid that passes from
the reservoir outlet being filtered by the filter element

43’“%Q; or separating the gas therefrom.
A
NI

. vttt * < PR " " e A e




[ ]
(X NN ]

EER ¢ PU X

- 15 —~—
20. The system of claim 19, wherein the filter element is
formed as a cylindrical member, the reservoir outlet port
being in fluid communication with an interior portion of
the element, the means for preventing gas flow further
comprising a baffle for directing incoming liguid from the
reservoir inlet means to outside of the cylindrical member.
21. A liquid degassing system substantially as
hereinbefore described with reference to the accompanying
drawings.
DATED this 25th day of June, 1990.
BECKMAN INSTRUMENTS, INC.
Attorney: WILLIAM S. LLOYD
Fellow Institute of Patent Attorneys of Australia
of SHELSTON WATERS
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