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3,229,445 
METHOD AND APPARATUS FOR CONTINUOUSLY 

DEGASSING A LlQUlD 
August L. Kraft, Roselle Parlr, N.J., assignor to Auto 

matic Process Control, Inc., Union, N..l., a corporation 
of New Jersey 

Filed June 21, 1961, Ser. No. 118,571 
11 Claims. (Cl. 55—43) 

This invention relates to continuously operating appara 
tus and method for providing a ?ow of degassed liquid to 
produce coatings free from voids caused by entrapped 
gases. Dissolved or entrapped gases and other volatile 
materials are rapidly removed from the liquid by means 
of vacuum and heat. The utilization flow of the liquid 
may be either contiuous or intermittent. The equipment 
will handle a broad range of liquid or hot melt materials 
which are used in the production of various types of cast 
ings, encapsulations, coatings, etc. Such materials may 
include epoxies, urethanes, polyesters, vinyl plastics, 
petroleum and coal tars, waxes, etc. 

It is a primary object of the invention to provide appa 
rauts and control circuits to rapidly and thoroughly degas 
a closely controlled amount of heated liquid, thus over 
coming the well known disadvantages of degassing the 
relatively large amounts involved in the use of “batch” 
methods. This is accomplished by bringing the tempera 
ture of the material up to some optimum point (usually 
pour temperature) so as to reduce its viscosity and by 
removing all air from the material before it moves on to 
a utilization stage. 
A major feature of the invention resides the pro 

vision of means to create a thin film of liquid of substan 
tially uniform thickness, to produce motion of said ?lm 
while subjecting it to heat and vacuum to remove gases 
therefrom, to propel said degassed liquid to a utilization 
station on demand, and to maintain said ?lm in motion 
regardless of whether or not there is demand by the 
utilization station. 
A feature of the invention is the use of both rough and 

?lm degassing stages. For ‘this purpose the heated ma 
terial is caused to ?ow over the top edge of a cylinder to 
produce a uniformly thin ?lm which may be subjected 'to 
vacuum to remove gases. 

A further feature of the invention resides in the pro 
vision of a heating element of large surface area con 
tinuously immersed in the moving liquid. 
An added feature may be found in the use of a sensing 

device having variable thermo~resistive properties in the 
form of a conductor also continuously immersed in the 
liquid. 

In accordance with still another feature, the material 
may be continuously recirculated while being kept heated 
and at a ?xed reserve level on occasions when there is 
no output demand from the utilization equipment. 

Additional features include adjustable rates of ?ow, 
both into and out of ‘the device, immersible probes to 
sense liquid levels at a plurality of locations, and electri 
cal circuits to control the progressive and cyclic opera 
tion of the machine. 
These and other objects and features of the invention 

will be more completely understood from ‘the following 
detailed description, reference being had to the accom 
panying drawings. 

In the drawings: 
FIG. 1 is a side elevation, partly in section, of the as 

sembled device. 
FIG. 2 is a sectional view taken on the line 2-2 of 

FIG. 1. 
FIG. 3 is a circuit diagram showing control circuits in 

their relation to various electrical components of ‘the ma 
chine. 
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'FIG. 4 is a circuit diagram showing the heat-sensing 
circuit in detail. 

Referring now to the drawing, a base member 1 is sup 
ported by the legs of a tripod which is adjustably secured 
to a plate 2. Two of the legs of the tripod are shown at 
3—3, and are adjust-ably mounted by means of threaded 
sections so that a level mounting of the device may be 
achieved readily. A heavy glass cylinder 4 is hermetical 
ly sealed to base member 1 in any convenient manner, 
a suitable method of completing this seal being the use 
of clamped “0” rings. The large outer glass cylinder 
supports a cap member -5 which is also hermetically sealed 
to the glass cylinder. An air motor 6 is mounted on cap 
5 1by way of tubular throat 7 and is sealed against air 
leaks to the interior of cylinder 4. Air motor 6 is pro 
vided with a long shaft 8 which extends downward to 
an aperture in the base member in which a pump impeller 
9 is rotatably mounted to urge the contents of the de 
gasser into a utilization tube 10. An aluminum inner 
cylinder 11 is mounted on a cylindrical extension of base 
member 1 and is secured to said member and sealed there 
from in any convenient manner. 
As best seen in FIG. 2, a series of notched vanes 12 

are circumferentially mounted on aluminum cylinder 11. 
These vanes are preferably composed of a suitable plastic 
and may be secured to the ‘aluminum cylinder by means 
of pins 13 which lie in short slots in cylinder 11 to per 
mit differential thermal expansion between the cylinder 
and the vane ‘12. As may be seen by inspection of the 
sectionalized portion of cylinder 11, the notches in vanes 
12 are alternately wide and narrow in extent. The 
notches appear at progressively higher positions in the 
vanes so that conductors inserted therein will assume the 
form of a helix. A ?at strip 15 is helically wound about 
the vanes 12 and is supported by the wider notches in 
vanes 12. This helical strip provides a heating element 
of very large surface area. Electrical connections to the 
strip are indicated at 16 and 17. A sensing wire 18 is 
helically wound and supported by the narrow notches in 
vanes ‘12. The sensing wire forms one element of a tem 
perature control circuit, ‘the operation of which will be 
more fully described hereinafter. Connections to con 
ductor 18 may be made by means of lead-in conductors 
19 and 20. A heater conventionally indicated at 21 is 
provided 'to heat base 1. 
An inlet valve indicated generally at 22 permits flow 

of material to be degassed from a reservoir 24 via tube 
25 to passages 26 and 27 which have been bored in base 
member 1. Passage 27 permits discharge into the annu 
lar space between outer glass cylinder 4 and inner alumi 
num cylinder v11. A diaphragm 23 may be forced into 
closed position under manual control by threaded member 
28, but when the machine is in automatic operation mem 
ber 28 is 'backed out to free the diaphragm for control 
via tube 29 which extends to the three-way valve which 
will either apply air pressure to the diaphragm via tube 
‘30 or vacuum suction by way of tube 31. Three-way 
valve 32 maybe operated into its alternate positions under 
the control of solenoid 33 which, when energized, applies 
suction to the back of diaphragm 23 to open valve 22 
to permit ?ow of material into the degasser. With sole 
noid 33 deenergized, valve 32 is moved to its alternate 
position, in which position atmospheric pressure via tube 
30 permits diaphragm 23 to close valve 22. 
Tube 31 extends to a vacuum pump not shown. The 

degree of vacuum may be adjusted to a desired value de-4 
pending primarily on the viscosity of the material to be 
degassed. Vacuum may be applied to the interior of the 
device by way of a tube 34 which branches from tube 31 
extending to the vacuum pump. Connection from the 
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interior of the degasser is via throat 7 previously 
described. 
A bored passage 35 extends to another diaphragm con 

trol valve indicated generally at 36. A resilient di 
aphragm 37 is forced to the left, as seen in the drawing, 
when pressure is built up in tube 35, which will occur 
when there is no demand at the utilization station. In 
this situation recirculation of the material takes place via 
bored out passages 38 and 39. It will be noted that pas 
sage 39 opens into the annular space between glass cylin 
der 4 and inner cylinder 11. A source of air under pres 
sure is connected to tube 40 and extends to a valve 41 
which is branched to apply air pressure to both air motor 
6 and the back of diaphragm 37 via a relief valve 42 and 
tube 43. Valve 41 may be adjusted to regulate the speed of 
air motor 6, and relief valve 42 may be adjusted to create 
pressure to a desired extent on the back of diaphragm 37. 
Cap member 5 also supports liquid level sensing probes 

44 and 45 and conductors 46 and 47 extending thereto. 
It should be noted that probe 45 is physically situated 
directly over the intake supply line via bore 27. The 
functions of probes 44 and 45 will be made evident in the 
course of describing the operation of the machine. 
The operation of the device will now be described, 

reference being bad to the circuit diagram of FIG. 3 
wherein components illustrated in FIG. 1 have been des 
ignated by like numerals wherever possible. It will be 
assumed that preliminary adjustments have been made 
and that the device is ready for operation. It will also 
be assumed that the machine is empty, having been purged 
after completion of previous use. 

Closure of master switch 50 connects a source of 115 
volt alternating current to bus conductors 51 and 52. A 
red lamp 53 provides information as to the closure of the 
master switch. At the same time base heater 21 is ener 
gized via switch 50 and conductors 51, 54 and 52. 

Spring returned “FILL” switch 55 is then moved to 
engage its alternate contacts. The upper contact of this 
switch closes an obvious circuit for solenoid 33 extending 
from common conductor 52 through master switch 50 to 
the power supply. Solenoid 33 is energized to operate 
valve 32 (FIG, 1) to apply vacuum to the diaphragm 
of valve 22. With the vacuum pump in operation, suc 
tion will be applied to the interior of the glass cylin 
der, and the liquid material will flow from reservoir 
24 through tube 25, valve 22 and bores 26 and 27 into 
the annular space between the aluminum cylinder 11 and 
external glass cylinder 4. As the material rises, it will 
be kept under visual observation through the glass until 
it commences to ?ow over the top rim of cylinder 11 
and down the inner wall therof. Inasmuch as the top rim 
of the cylinder 11 has been caused to lie in a horizontal 
plane by adjustment of tripod legs 33, the ?lm will be of 
uniform thickness. 
At this time the helical heater strip 15 may be ener 

gized by momentary closure of manual switch 56. 
It should be noted that closure of master switch 50 en— 

ergized primary windings 57, 58 and 59 in parallel with 
each other and with base heater 21. Windings 57, 58 and 
59 apply power to primary level control 60, liquid level 
control 61 and temperature control 62. Control circuits 
60 and 61 supply operating energy for relays 63 and 64 
respectively. They are conventional, commercially 
available circuits and will not be described in detail. They 
respond to capacity variations in probes 45 and 44 (FIG. 
1) and their operation is such that energizing potential 
is supplied to the relays at such times as the probes are 
immersed in liquid. 

Temperature control 62 supplies energy to its asso 
ciated relay 65 whenever the temperature of the liquid 
falls below a selected value. The temperature control 
circuit responds to variations in the resistance of sensing 
wire 18. The operation of the temperature control cir 
cuit will be described hereinafter. 
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4 
It may be noted that during the preliminary ?lling 

operation the temperature control circuit will be in a con 
dition to indicate that heat should be supplied to the liquid. 
At this time relay 65 cannot operate because its normal 
circuit is open at the outer contact of relay 66. The 
manual closure of switch 56 will energize relay 65 and 
close an obvious circuit for heater 15. A yellow lamp 
67 is connected in parallel with heater 15 to indicate to 
the operator that the heater is energized. Switch 56 
should be closed for short intervals only until the helical 
heater strip is completely immersed. After this occurs, 
continued closure of switch 56 is safe because over-heat 
ing of the material will be prevented when the control 
circuit 62 recognizes that the desired temperature has 
been reached. 
As soon as the liquid begins to ?ow over the lip of 

cylinder 11, probe 45 signals primary control circuit 60, 
which supplies energizing potential to relay 63 by way 
of the lower arm and contact of “FILL” switch 55. Re 
lay 63, upon energization, completes a locking circuit for 
itself by way of its right hand armature. Relay 63 is con 
tinuously energized so long as probe 45 is immersed in 
liquid. 
With material ?owing down into cylinder 11, a start 

key 68 is momentarily depressed and switch 55 is re 
leased. The momentary closure of switch 68 completes 
an obvious circuit for primary control relay 69 by way of 
conductor 54 and switches 68 and 50. Upon energiza 
tion, relay 69 completes a locking circuit for itself by 
way of stop switch 70. The locking circuit of relay 69 
also provides a continuing circuit for red signal lamp 72 
which was originally lighted upon depression of start 
key 68. With relay 69 energized, a circuit is completed 
from conductor 54 downward through the winding of a 
secondary control relay 66, front contact and left arma 
ture of relay 63 and conductor 74 to the closed contact of 
relay 69. Relay 66 energizes and at its outer armature es 
tablishes a circuit whereby relay 65 is placed under control 
.of temperature control 62. It will be recalled that switch 
56 was opened as soon as the liquid began to flow into 
the interior of cylinder 11. 
The energization of relay 66 completes a circuit for 

amber lamp 73 which lights to indicate to the operator 
that the device is under automatic operating condition. 
With switch 55 in its normal position, the extent to 

which the cylinder 11 will be ?lled is under the control 
of circuit 61. Until probe 44 is covered by the liquid, 
relay 64 is deenergized, maintaining the circuit of sole 
noid 33 by way of the upper normal contacts of switch 
55, armature and back contact of relay 64 and armatures 
and contacts of relays 66 and 69. 
With material ?owing over the top of the aluminum 

pipe, the air motor may be started under control of valve 
41. The output line should now be opened and the motor 
speed regulated so that the pump is driven slowly, but 
fast enough to move material out of the degasser against 
internal vacuum. Control valve 22 is now adjusted by 
means of thumb screw 28 to a position such that material 
enters the degasser at a rate faster than the pump is push 
ing it out. Thus a reservoir of material is built up inside 
of cylinder 11 from its base, and when this builds up to 
the desired height, probe 44 is immersed in the material 
and signals control circuit 61, whereupon relay 64 is ener 
gized to open the circuit of solenoid 33, which, upon de 
energization, closes the input valve. The energization of 
relay 64 completes a circuit for amber lamp 75 to notify 
the attendant that the material within the cylinder has 
attained a desired level. 
As demand is made by the utilization station, the col 

umn of reserve material will fall until probe 44 is no 
longer immersed, whereupon relay 64 is deenergized to 
close the circuit of solenoid 33 which permits flow into 
the degasser. During this operation the extinguishing of 
lamp 75 noti?es the attendant that such ?ow is taking 
place. Repeated operation of relay 65 as the control cir 
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cuit responds to the temperature condition of sensing wire 
18 maintains the material at a temperature which is regu 
lated within close limits. 
As has been previously described, in case there is no 

demand at the utilization station, recirculation of the ma 
terial takes place under control of relief valve 36. Thus 
a moving ?lm of uniform thickness and of selected tem 
perature is at all times exposed to and has its gas content 
removed by the vacuum within the degasser. 

If the supply of liquid in storage tank 24 is exhausted, 
air will flow into the degasser and create air bubbles at the 
point where bore 27 vents into the liquid column. These 
bubbles will rise rapidly and when they strike probe 45, 
which it will be recalled is located directly over bore 27, 
the presence of these bubbles will be immediately sensed 
by probe 45. The changed dielectric condition of probe 
45 will in?uence primary liquid control circuit 66, which 
will reduce its output power potential and cause its asso 
ciated relay 63 to deenergize. Upon deenergization, the 
left-hand armature and back contact of relay 63 closes an 
alarm circuit extending from conductor 76 through an 
alarm device 77 to conductor 74 and thence to the other 
side of power supply. Alarm device '77 produces an audi 
ble signal to notify the attendant that the supply of liquid 
in the reservoir has been exhausted. 
The left-hand armature of relay 63 also deenergizes 

relay 66 which extinguishes both amber lamps and at its 
outer armature opens the circuit of temperature control 
relay 65 so that no heat can be automatically applied to 
the liquid until a new tank supply has been established. 
Momentary operation of stop switch 70 at any time will 

open the locking circuit of control relay 69 and restore 
the circuit to its normal condition. 

After a new supply of liquid has been furnished to reser 
voir 24, or a full tank equivalent to tank 24 substituted 
therefor, re?lling of the machine and its subsequent oper 
ation will take place as previously described. 

Referring now to FIG. 4, the temperature control cir 
cuit Will be described. This unit is basically a bridge cir 
cuit, the sensing wire 18 constituting one arm of the 
bridge. . The output of the bridge when unbalanced is fed 
to an amplifying circuit to provide recti?ed current to 
control the operation of relay 65. 
Inasmuch as the sensing wire is immersed throughout 

its length in the liquid and is in close proximity throughout 
its length to the heating element, it is obviously in a posi 
tion to provide temperature control within very narrow 
limits. A problem arises, however, due to the close induc 
tive coupling between the turns of the sensing wire and 
the turns of the heater strip. Alternating currents induced 
in the heater strip will tend to produce considerably 
greater unbalance of the bridge than the changes pro 
duced by variations in the electrical resistance of sensing 
wire 18, due to changing temperatures. It is the func 
tion of the circuit of FIG. 4 to neutralize the effect of 
such currents. 

Transformer primary 59, previously mentioned in con 
nection with the circuit of FIG. 3, supplies energy to wind 
ing 78 which forms the secondary transformer winding. 
A center tap on winding 78 is connected to ground. The 
divided secondary provides two arms of an alternating cur 
rent bridge. A third arm includes a variable resistor 79 
and a ?xed resistor 89. With the bridge in balance no 
potential would normally exist between the junction of 
sensing wire 18 and resistor 80 and the grounded mid 
point of winding 78. Relay 65, which as has been previ 
ously described supplies switching for the heater strip, is 
connected across the output of winding 78 in series with an 
ampli?er controlled rectifying transistor 84. 
From the junction of resistor 80 and sensing wire 18 

error signals are fed through a resistor 89 to the base of a 
PNP transistor 81. Also applied to the base of this tran 
sistor is a constant current derived from a six-volt Zener 
diode 82. This constant current may be adjusted by 
means of a potentiometer 83 so that when the bridge is 
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balanced, i.e., when the voltage at the junction of sensing 
wire 18 and resistor 8!) is zero with respect to ground, 
there is just enough current through the collector of tran 
sistor 81 to permit current ?ow through transistor 84. 
Thus any deviation from zero of the null on the bridge 
circuit is enough to cause transistor 81 to either draw 
more or to draw less current, and so causes transistor 84 
to be either conducting or nonconducting. Zener diode 
82 supplies a constant voltage swing of six volts and thus 
supplies a constant current to the base of transistor 81. 
Since the collector of transistor 81 is a constant current 
source if the base current input is constant, the result of 
this circuit con?guration is to stabilize the circuit for large 
line voltage variations. A diode 85 is used to supply tran 
sistor 81 with half-wave recti?ed direct currentwhich is 
negative with respect to ground. This circuit includes a 
resistor 91. This half-wave recti?ed voltage is in phase 
with the positive-going alternating current on the elec 
trodes of transistor 84 to which it is supplied via resistors 
88 and 92. A diode 86 prevents any negative-going pulses 
from being applied to transistor 84 during the time it is in 
conducting condition. 
A diode 87 prevents large positive excursions between 

the base and emitter of transistor 81. 
What is claimed is: 
1. A liquid degassing system including a liquid inlet 

means, means associated with said liquid inlet means for 
forming a uniform moving liquid ?lm, means to apply 
heat to said liquid film and means to subject the said 
liquid ?lm to vacuum whereby said liquid is degassed, a 
reservoir positioned to receive said degassed liquid ?lm, 
means to maintain a desired liquid level in said reservoir 
by automatic control of said liquid inlet means, means to 
continuously withdraw liquid from said reservoir, means 
for delivery of any portion of said withdrawn liquid on 
demand to a utilization station and means to recycle to 
said liquid inlet means liquid which is withdrawn from 
said reservoir but not delivered to said utilization station. 

2. A vertical cylindrical column, a hollow cylinder 
nested within said column with its top edge substantially 
horizontal, liquid inlet means for introducing liquid to 
the annular space between the column and the cylinder 
enclosed thereby, means to apply heat to said cylinder and 
means to subject the interior of said cylinder to vacuum, 
a closure for the bottom of said cylinder whereby a 
reservoir for said liquid is formed in the lower portion 
thereof, means to control the level of liquid in said res 
ervoir by automatic control ‘of said liquid inlet means, a 
pump to continuously withdraw liquid from said reservoir, 
means for delivery of any portion of said withdrawn liquid 
to a utilization station on demand, means to recycle to 
said annular space liquid which is withdrawn from said 
reservoir but not delivered to said utilization station. 

3. A vertical cylindrical column, a hollow cylinder 
nested within said column and having a substantially 
horizontal top edge, liquid inlet means for intnoducing 
liquid to the annular space between the column and the 
cylinder enclosed thereby, a thermostatically controlled 
heater disposed about said cylinder, means to apply 
vacuum to the interior of said cylinder, a closure for the 
bottom ‘of said cylinder whereby a reservoir for said liquid 
is formed in the lower portion thereof, means to control 
the level of liquid in said reservoir by automatic control 
of said liquid inlet means, a pump to continuously with 
draw liquid from said reservoir, means for delivery of any 
portion of said withdrawn liquid on demand to a utiliza 
tion station and means to recycle liquid withdrawn from 
said reservoir but not delivered to said utilization station. 

4. A base member, a vertical cylindrical column sup 
ported thereby, a hollow cylinder nested within said 
column and also supported by said base member with 
the upper edge of said cylinder horizontal, liquid inlet 
means for introducing liquid to the annular space between 
the column and the cylinder enclosed thereby, means to 
apply vacuum to the interior of said cylinder, :1 thermo< 
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statically controlled heater disposed about said cylinder, 
a closure for the bottom of said cylinder whereby a 
reservoir for said liquid is formed in the lower portion 
thereof, means to control the level of liquid in said res 
ervoir by automatic control of said liquid inlet means, a 
pump to ‘constantly withdraw liquid from said reservoir, 
means for delivering the output from said pump on 
demand to a utilization station, means for recycling 
through said annular space liquid withdrawn from said 
reservoir but not delivered to said utilization station, an 
auxiliary-heater associated with said base and means to 
apply electrical energy to said auxiliary-heater. 

5. Apparatus according to claim 4 wherein said means 
for recycling liquid which is withdrawn from said res 
ervoir but not delivered to said utilization station includes 
a relief valve and liquid conduit means. 

6. Apparatus according to claim 4 wherein said thermo 
statically controlled electrical heater includes vanes 
mounted longitudinally on the exterior wall of said cyl 
inder, a heating element of large surface area in the form 
of a helical strip supported by said vanes and temperature 
sensitive means for controlling operation of said heating 
element. 

7. Apparatus according to claim 6 wherein said tem 
perature sensitive means includes a helical sensing wire 
supported by said vanes progressively interposed between 
the convolutions of the heating element and means re 
sponsive to variations in the resistivity of said sensing 
wire with changes in temperature for controlling opera 
tion of said heating element. 

8. Apparatus according to claim 7 wherein said means 
for controlling said heating element is responsive to varia 
tions in resistivity of said sensing wire with changes in 
temperature but non-responsive to effects produced in 
said wire by the inductive coupling between said heating 
element and said sensing wire. 

9. Apparatus according to claim 4 which further in_ 
cludes a protective circuit operative to generate a signal 
when the supply of liquid to said annular space is ex 
hausted. 

10. A liquid degassing apparatus which includes: 
(A) A ?rst hollow column having ?rst and second ends; 
(B) A second hollow column having ?rst and second 
ends and ?xedly located within said ?rst column, 
said ?rst and said second columns de?ning a space 
therebetween; said ?rst end of said ?rst column and 
said ?rst end of said second column being adjacent; 

(C) Base means enclosing each said ?rst end of said 
?rst and second columns; 

(D) Means enclosing said second end of said ?rst 
column, said second end of said second column being 
open with its edge lying in a plane transverse to its 
axis, said plane intersecting said ?rst column inter 
mediate its ?rst and second ends; 

(E) Heating means disposed about said second column 
in the space de?ned between said ?rst and second 
columns; 

(F) Means for subjecting the interior of said second 
column to vacuum; 

(G) Inlet conduit means for introducing liquid to the 
lower portion of the space de?ned between said 
?rst and second columns; 
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(H) Liquid pumping means having an inlet and an 

outlet; 
(I) Outlet conduit means interconnecting said ?rst 
end of said second column with the inlet of said liquid 
pumping means whereby liquid can be continuously 
withdrawn from said ?rst end of said second column; 

(I) Utilization conduit means connected to the outlet 
of said liquid pumping means whereby any portion of 
said withdrawn liquid can be delivered to a utiliza 
tion station on demand; 

(K) Recirculation conduit means interconnecting the 
outlet of said liquid pumping means with the space 
de?ned between said ?rst and second columns where 
by liquid withdrawn from said ?rst end of said 
second column but not delivered to said utilization 
station is recycled to said space; 

(L) Means for controlling the level of liquid in said 
second column by controlling the flow of liquid 
through said inlet conduit means. 

11. The method of continuously degassing a liquid 
which includes providing a controlled inlet ?ow of said 
liquid heating said liquid, forming a uniform moving ?lm 
of said liquid, subjecting said moving ?lm to vacuum to 
degas said liquid, collecting degassed liquid from said 
moving ?lm in a reservoir, continuously withdrawing de 
gassed liquid from said reservoir, delivering any portion 
of said degassed liquid to a utilization station on demand, 
recycling degassed liquid which is withdrawn from said 
reservoir but not delivered to said utilization station and 
combining said recycled liquid with said inlet liquid ?ow 
prior to forming said uniform moving ?lm of said liquid 
and adding further inlet liquid as required to maintain 
a constant volume of degassed liquid in said reservoir. 
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