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Patented Aug. 6, 1946 2,405,167 

UNITED STATES PATENT OFFICE 
2,405,16? 

APPARATUS FOR FLUD TREATING UNDER, 
CONTROLLED CONDITIONS 

George Lewis Royer and Edwin Ira Stearns, Jr., 
North Plainfield, N. J., assignors to American 
Cyanamid Company, New York, N.Y., a corpo 
ration of Maine 

Application September 3, 1943, Serial No. 501,126 
(C. 68-3) 5 Claims. 

This invention relates to an apparatus for the 
treatment of a material with a liquid under con 
trolled temperature and pressure conditions. 
More particularly, the apparatus is capable of 
establishing instantaneous contact between a 
Sample to be treated and a liquid at a predeter 
mined temperature, while a positive or negative 
preSSure is maintained in the atmosphere above 
the liquid. 

Particularly for the study of various chemical 
reactions at elevated temperatures and pressures, 
an apparatus capable of quickly contacting a 
Sample and a liquid under pre-determined condi 
tions has been needed. In addition it is also 
desirable that the apparatus be adapted to per 
mit quickly removing the liquid from contact 
With the Sample. Preferably too, some provision 
should be made for Washing any residual liquid 
retained by the sample therefrom. Such an ap 
paratus should be capable of accomplishing these 
objects, and at the same time should be relatively 
simple in structure, easily operated, and easily 
cleaned. 

It is, therefore, the object of the present inven 
tion to provide such an apparatus, capable of 
accomplishing these desired objects. According 
to the present invention, such an apparatus has 
been constructed and has proved highly useful 
in conducting studies on rates of reaction at ele 
Wated temperatures and pressures. 
One form of Such an apparatus is shown in 

the accompanying drawings in which: 
Figure 1 is a general vertical view showing the 

apparatus and the arrangement of its external 
Connections, and 

Figure 2 is a vertical section through the re 
action chamber showing the internal arrange 
ment and Connections. 
With reference to Figure 1, the apparatus is 

Seen to comprise a reaction vessel closed by 
cover 2. Cover 2 is seated on gasket 3 and is 
held in place by means of clamp 4, comprising 
a plurality of hooks 5 adapted to engage lugs 6 
on the exterior of the reaction vessel. Clamp 
4, and therefore cover 2, is tightened by means 
of Screw 7 and handle 8. 

Slightly below the vertical center of the Wes 
Sel, pressure inlet pipe O is connected to the 
reaction vessel . Pipe O carries a safety valve 

of conventional design, a pressure gage f2 and 
a shut-off valve 4. Conduit 0 is also connected 
to Some Source of fluid under pressure, which 
being conventional and forming no part of the 
present invention is not shown. Conduit O is 
also provided with a shut-off valve 5 by means 
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either with or without a reducing valve. 

the generator. 

2 
of which the Supply of fluid under preSSure may 
be shut off from the entire apparatus. 
With respect to the source of fluid under pres 

sure, any of many modifications may be made 
to serve the purposes of the present invention. 
The fluid may be either a gas such as air, nitro 
gen, hydrogen or the like or may be a Vapor 
such as steam. However, at the pressure under 
which the operation of the present device is 
contemplated, steam will ordinarily be fully Satu 
rated and perhaps more properly designated as 
a gas. The pressure Supply may be a tank or 
cylinder from which compressed gas is delivered, 

Again, 
a compressor directly connected through a suit 
able reducing valve may be used. If steam is 
used, the Source may be directly connected to 

Ordinarily, air is the fluid which 
Would be used and the most convenient Source of 
pressure is usually a compressor operating 
through a reducing valve. 
Between valves 4, and 5, by-pass conduit 

6 is connected to conduit (0. By-pass conduit 
6 is also connected to the reaction chamber 

at a point in the upper half of the reaction vessel. 
Conduit f6 also carries a shut-off valve and 
a pressure gage 8. By this arrangement, the 
Operator may introduce fluid, independently and 
at different pressures, into either the top or bot 

30 tom of the reaction vessel. 
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Since for the purposes of the present invention 
it is of primary importance that the operator 
knoW the exact temperature of the liquid in the 
reaction chamber , the latter is ordinarily 
equipped with a thermometer 20. However, the 
thermometer may be readily replaced by some 
equivalent device such as a thermocouple or the 
like. 
Also of primary importance in the operation of 

the device of the present invention is the neces 
sity for being able to quickly remove the liquid 
at the designated time. For this purpose the 
reaction vessel is equipped with a relatively large 
bottom outlet 22 which is normally closed by shut 
off valve 23 during the dyeing operation. Dis 
charge may be made into any suitable disposal 
System. Because of the pressure in the vessel, 
discharge is very rapid. 

It is also important that the material being 
dyed be promptly cooled in order that the reac 
tion may stop when the liquid is discharged. 
Otherwise, dyeing would continue to some inde 
terminate extent. To accomplish this object the 
apparatus is equipped with water inlet 25, the 
flow in which is controlled by valve 26. Provision 
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of the water inlet also is of assistance in stop 
ping the dyeing action at the predetermined point 
by washing out any residual dye liquor which may 
be retained by the material. 

Figure 2 ShoWS the interior details of the reac 
tion vessel. In order to bring liquid 40 in the re 
action vessel to the desired temperature, heating 
coil 30 is provided in the bottom of the reaction 
vessel. While these are represented in Figure 2 
as electrical resistance coils, the actual source of 
heat may take any other, desired form. For ex 
ample, steam coils or electrical induction heating 
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may be used without departing from the scope 
of the present invention. The location of the 
thermometer 20 with its bulb 21 immersed in the 
liquid immediately above the heating coil is also 
shown. A grill 4), or other equivalent Support. 
for the disk 37, when the latter is immersed in 
the liquid is provided. This grill serves the dou 
ble purpose of protecting thermometer bulb 21 ; 
and preventing disk 37 from closing the opening 
into the discharge conduit 22. While not ab 
solutely necessary to do so, it has also been found 
Well to lag the lower part of the apparatus, as 
by means of the insulating cover 32. 
Approximately midway the height of the reac 

tion chamber is located an annular collar 35. 
This collar is beveled along its lower inner 
periphery in order to make a pressure tight fit 
with the beveled upper periphery of a pressure : 
disk 37. When gas or other fluid under pressure 
is admitted under the disk through conduit (, 
disk 37 is held against collar 35. By this arrange 
ment, fluid under pressure admitted to the lower 
half of the reaction vessel not only controls boil 
ing of the liquid, but also when the pressure in the 
lower part of the vessel exceeds that in the upper, 
the two are separated from each other by disk 
3. 
Mounted on disk 37 is a cage of stainless steel 

or some other corrosion resistant rods 38. This 
cage is open at the top and a skeletal frame 39, 
also of Sonine corrosion resistant material, upon 
which the sample of material to be treated may be 
Wrapped is inserted therethrough and supported 
on the upper surface of the disk 37. In this way 
the Sample is held completely out of contact With 
the liquid in the lower half of the reaction ves 
Sel. 
The operation of the device is believed to be 

apparent from its description. The liquid to be 
tested, ordinarily after being preheated, is placed 
in the lower half of the reaction vessel and heat 
is turned on. Disk 37 is lifted into place against 
collar 35 by any convenient means such as a 
hooked wire and sufficient pressure is built up 
through the inlet from conduit, ?o to hold the disk 
in place. A sample to be treated is then mounted 
on the Spindle, 39, or an equivalent holder, and 
set within the cage on the upper surface of the 
disk 3. Cover 2 and gasket 7 are then set in 
place on the top of the apparatus and fastened 
by clamp 4. 

Heating is continued until the liquid reaches 
the desired temperature, the pressure in the low 
er part of the vessel meanwhile being adjusted to 
the desired degree. When the desired tempera 
ture has been reached, valve 4 on conduit f is 
closed and Valve 7 on the by-pass 6 is opened 
to admit pressure into the top part of the appa 
ratus. When the pressure in the top part ap 
proximates that in the lower part, disk 37 is no 
longer supported by the pressure differential and 
falls to the grill 41 or some equivalent support, 
just above the thermometer bulb 2. In this way 
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operator may stop the reaction at will. 

4. 
the sample is brought at once into contact with 
hot liquid which by means of the present inven 
tion is at the desired temperature and pressure. 
The fall of disk 3 can be easily heard and the 

operator thereby is able to start timing the dura 
tion for which the reaction is to be carried out. 
Since the entire vessel is pressure tight, once con 
tact has been established between the material 
to be treated and the treating fluid, the apparatus 
may be disconnected from the fluid pressure sup 
phy by closing valves 5 and 7, valve A being 
normally closed at this stage of the operation. 
Upon expiration of the predetermined time, the 

This is 
done almost instantaneously by opening valve 23 
and allowing the treating liquid to fiow out 
through the conduit 22 to a suitable receiver or a 
disposal System. At the same time, or immediate 
ly thereafter, the operator may if so desired open 
valve 26 and allow water for cooling and wash 
iing to flow through the apparatus, thus quickly 
reducing the temperature and removing the re 
Sidual liquid held by the sample. After complet 
ing the washing and cooling operation, the cover 
may be removed and the sample withdrawn as 
by means of a hooked wire or any other suitable 
188S. 
It is obvious that many modifications in the 

Operation of the apparatus may be readily made. 
Various combinations of pressure and fluid tem 
perature may be used. The present apparatus 
also has an important added advantage in that if 
treatment under vacuum is desirable it may be 
readily carried out simply by attaching an evac 
uator to the conduit fo. Instead of building up 
a pressure in the lower half of the vessel to hold 
the disk 37 against collar 35, it is held in place by 
evacuating the upper part of the reaction vessel 
While allowing the lower part to remain at Sub 
stantially atmospheric pressure. Contact be 
tween Sample and liquid can then be made by 
evacuating the lower part of the chamber until 
both parts are at approximately the same relative 
preSSure at which time the disk will fall. 
While much of the discussion has been con 

cerned with the dyeing of fabrics, the apparatus 
is applicable to many other operations. For ex 
ample, it may be desirable to use the apparatus 
in carrying Out the reaction between tWO liquids 
or a solid and a liquid in order that the reaction 
time may be readily controlled. In other situa 
tions, one of the reactants may be only fluid 
under high temperature and pressure conditions 
or may be a substance which is highly volatile 
except under suitable pressure. Another appli 
cation is in the impregnation of Solids. With a ma 
terial which is only sufficiently fluid for adequate 
penetration at high temperatures. Still another 
application is in those cases where it is desired to 
treat a solid with a material dissolved in a sol 
went which is itself injurious to the Solid for a 
sufficiently short time to minimize the side reac 
tion. Other possible applications Will be readily 
apparent. 
We claim: 
1. In a pressure-treating device, adapted to 

contact a sample and fluid under controlled tem 
perature and pressure conditions, a reaction ves 
sel in combination with means for supplying heat 
to said vessel, movable means for separating said 
vessel into two separate superposed sections, ex 
ternal means for admitting fluid under pressure 
into the lower Section whereby a pressure differ. 
ential is created between said sections, means 
within the vessel adapted to hold said separating 



2,405,167 
5 

means in operative position. When the pressure 
differential exists between said sections, and ex 
ternal means for independently admitting suffi 
cient fluid under pressure into the upper Section 
to overcome said pressure differential, whereby 
Said separating means is moved from operative 
position; said separating means comprising an 
impervious plate and said means for holding the 
separatory means in operative position compris 
ing a shoulder on the inner Surface of the reac 
tion vessel, said shoulder being adapted to form a 
pressure tight fit With said plate. 

2. An apparatus according to claim 1 in which 
the upper face of Said plate carries a Sample 
Supporting means. 

3. An apparatus according to claim 1 having an 
Outlet of Sufficient size to permit rapid removal of 
liquid from the reaction vessel and a means for 
admitting cooling and Washing fluid to the inte 
rior of said reaction Wessel. 

4. In a pressure-treating device, adapted to 
contact a sample and a fluid under controlled 
temperature and pressure conditions; a reaction 
vessel in combination with movable means for 
separating said vessel into two separate sections, 
a material retaining means so mounted on Said 
separating means that when said separating 
means is in operative position the material re 
taining means is enclosed within one of Said Sec 
tions; conduit means for independently admit 
ting fluid under pressure into each of said Sec 
tions; means within the vessel adapted to hold 
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Said separating means in operative position when 
a preSSure differential exists between Said Sep 
arated Sections; and control means in said con 
duit means to independently regulate the pres 
Sure in each of Said separate Sections, Whereby 
When the pressures in each of said sections are 
Substantially equal said separating means is re 
leased from operative position. 

5. In a pressure-treating device, adapted to 
contact a Sample and a fluid under controlled 
temperature and pressure conditions, a reaction 
vessel in combination. With means for Supplying 
heat to said vessel, movable means for separating 
Said vessel into two separate Sections, a material 
holding means so mounted on said separating 
means that when said separating means is in 
Operative position the sample holding means is 
enclosed within one of Said sections; Conduit 
means for independently admitting fluid, under 
pressure into each of said sections, means within 
the vessel adapted to hold said separating means 
in operative position when a pressure differential 
exists between said separated sections; and con 
trol means in said conduit means to independ 
ently regulate the pressure differential in each 
of said separate sections, whereby when the pres 
sures in each of said sections are substantially 
equal said separating means is released from 
operative position. 

GEORGE LEWIS ROYER. 
EDWIN, IRA STEARNS, JR. 

  


