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1. 

This invention relates to processes involving 
heat exchange and more particularly to processes 
for cooling gaseous streams in which condensa 
tion occurs during the contact of the gaseous 
stream with the cooling surfaces. . . . 

In heat exchange procedures, condensioe 
components of a gaseous Steam are deposited 
on the surfaces of the cooling means when the 
gaseous strean is cooled below the condensation 
point of the condensible components. Often 
the cooling surface is cold enough to cause freez 
ing or Solidification of the condensed material So 
that there is a progressive building-up of Con 
densed material on the cooling Surfaces With the 
result that the heat transfer rate decreases and 
the heat exchange apparatus is stopped up or 
choked With the Solidified depositS. Several pro 
posals have been made to prevent or remove 
Such solidified deposits. 

It has been suggested that the gaseous stream 
to be cooled be pretreated to remove condensible 
components prior to admittance of the gaseous 
strean into the cooling exchanger. For eX 
ample, in the production of oxygen by the lique 
faction and rectification of air where the air 
feed is cooled by passage in indirect heat ex 
change relation with the cold outgoing products 
of rectification, the air which invariably con 
tains about 0.03% by volume of carbon dioxide 
and varying quantities of moisture, is pretreated 
in driers and caustic scrubbers to remove the 
water and carbon dioxide, respectively, prior to 
admittance of the air into the heat eXchangers. 
Even with such pretreatment Which is COStily and 
cumbersome, the exchangers have to be thaWed 
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out periodically to remove solidified deposits of 
Water and carbon dioxide which are presert il 
traces in the pretreated air. 
More recently there has been developed the 

stream to be cooled and the cooling fluid passed 
in indirect heat exchange relation thereWith are 
reversed, i. e., the flow paths are Switched peri 
odically so that the cooling fluid flows through 
the path previously traversed by the gaseos 
stream to be cooled and the gaseous stream to 
be cooled flows through the path previously traV 
ersed by the cooling fluid. By Such seversal, 
the deposited components are re-evaporated or 
sublimed and carried out of the heat eXchanger 
by the cooling fluid. In other Words, the ima 
terial deposited by the process streath during One 
period of operation is re-evaporated and purged 
from the exchanger by the reverse flow of the 
coolant stream during the succeeding period. 
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The use of reversing heat exchangers in a process 
in which the process gas is compressed to a 
relatively high pressure results in more costly 
operation from the standpoint of horsepower re 
quirements because, upon every reversal, the 
volume of the compressed process gas in the heat 
exchanger is lost and must be replaced. 

It is a primary object of this invention to pro 
Wide a simple and improved process for". Cooling 
a gaseous stream to a temperature at which con 
densation normally occurs on the cooling Sur 
faces. 
Another important object of this invention is 

to prevent the deposition on cooling Surfaces of 
condensible components of a gaseous stream un 
dergoing Cooling. 

It is a further object of this invention to pro 
wide a truly continuous method of cooling a gase 
ous stream containing condensible material with 
out pretreatment of the stream. 
Other objects and advantages of this invention 

will become apparent from the description which 
follows. 

In accordance with this invention, adsorptive 
5 particles are brought into contact. With the cool 
ing surfaces of a heat exchanger to adsorb pref 
erentially the condensible matter of the gaSeous 
stream undergoing cooling in order to prevent 
the accumulation of condensed material. On the 
cooling surfaces. Adsorption particles laden 
With the condensible matter are periodically or 
continuously Withdrawn from the heat exchang 
e1 and fresh adsorptive particles introduced to 
replace those withdrawn. The withdrawn, ad 
sorptive particles may be regenerated and re 
cycled to the heat exchanger. Since a gaseous 
Strean containing One or more condensible con 
ponents can be cooled by this invention Substan 
tially, without condensation on the cooling Sur 
faces, it is evident that the rate of heat trans 
fer Will not diminish in the course of operation 
which, incidentally, does not need to be inter 
rupted because of Stoppage of the exchanger or 
reversal of the streams passing therethrough. 
The present invention is particularly appli 

cable in the cooling of a gaseous stream con 
taining at least one condensible component to a 
temperature at which the condensed material 
freezes or Solidifies on the cooling surfaces. 
The process of the invention finds Valuable 

utility especially in the production of oxygen by 
the liquefaction and rectification of air. For con 
venience, further description of the invention will 
be in terms of ordinary air which is cooled for an 
oxygen plant, but it will be understood that the 
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invention is not limited to this illustrative ap 
plication. Other typical applications include the 
cooling of hot gases containing tarry vapors in 
Which case adsorptive carbon may be used to pre 
Vent the deposition of tar on the cooling sur 
faces, and the cooling of natural gas containing 
Condensible impurities like hydrogen sulfide and 
carbon dioxide in which case adsorptive bauxite 
and Silica gel may be used, respectively, to ob 
Viate the accumulation of these components on 
the cooling Surfaces. 

in Some cases, it may be advisable to use two 
Or more different adsorbents to remove different 
Condensible components from the gaseous stream 
undergoing cooling. The different adsorbents 
may be used as a particulate mixture or sepa 
rately in different Zones of the heat exchanger 
particularly where the different components are 
condensed in different temperature ranges. 
Sometimes, one particulate adsorbent may be 
used to take up two or more condensible com 
ponents of a gaseous Stream which is being cooled 
to a temperature below the condensation points 
Of these components. 
For a clearer and more detailed understand 

ing of this invention, reference is now made to 
the drawing forming a part of this specification, 
of Which: 

Figures 1 and 2 are schematic elevations in 
Section of different forms of heat exchangers suit 
ed for the process of the invention. It is to be 
understood the invention is not limited to these 
illustrative embodiments nor to others herein 
discussed. 
The apparatus illustrated in Figure 1 comprises 

an upright cylindrical or oblong vessel with 
head to Which pipe 2 is attached for the ad 
mission of a warm air stream containing carbon 
dioxide and moisture, these components of air 
being normally condensible within the operating 
temperature range of the apparatus. Pipe f3 
for the admission of adsorptive particles to ad 
Sorb preferentially the condensible components 
is similarly attached to head. f. Within ves 
sel 0 there is a vertical bundle of cooling con 
duits f4 to cool the air Stream. Coolant flows 
upwardly through conduits 4, entering at the 
botton thereof through inlet 5 and manifold 6 
and emptying through manifold fi and outlet 
8 at the upper end thereof. The air stream 
and adsorptive particles are in direct contact 
With One another and With the exterior Surfaces 
Of cooling conduits 4 and paSS downWardly 
through Wessel in countercurrent relation to 
the upwardly flowing coolant within conduits 
4. During the downward passage, the adsorp 

tive particles adsorb the moisture and carbon 
dioxide from the air and prevent the accumula 
tion of these condensible components on the Sui 
faces of cooling conduits 4, thereby avoiding a 
decrease in the heat transfer rate and stopping 
up of the apparatus. The cooled air Strean, 
now substantially free of moisture and carbon 
dioxide, becomes separated from the adsorbent 
particles by entering the inlets 9 of manifold 
20 and exits through outlet 2 whence it may 
flow to a conventional rectification System to pro 
duce oxygen. The cold adsorbent particles Con 
taining adsorbed carbon dioxide and Water are 
withdrawn from the lower tapered portion 22 of 
vessel 0 through outlet 23. The Withdrawn ad 
sorbent particles may be regenerated and then 
returned to vessel 0 by way of inlet 2. 

Referring to the form of apparatus typified by 
Figure 2, vessel ff0 may be of such shape that 
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4. 
itS horizontal cross-section is rectangular or cir 
cular. Wessel O has a tapered bottom to 
Which conduit ff2 is connected for the introduc 
tion of a Warn air Stream containing components 
condensible at the normal operating conditions 
of the apparatus. Within vessel 0 there is a 
plurality of vertical coolant-carrying conduits 
f 4 to cool the incoming air stream. Conduits 
4 are fed with cooling fluid through inlet 15 

to manifold 6 connected to the upper ends of 
these conduits. The cooling fluid travels coun 
tercurrent to the air stream, i.e., in a downward 
ly direction through conduits 4, and leaves at 
the bottom thereof through manifold and 
outlet f8. The adsorptive particles, to prevent 
accumulation of Condensible air constituents On 
the Surfaces of conduits f4, are maintained in 
contact With these surfaces in a plurality of hori 
ZOntal Zones 3 Within Wessel . These Zones 
are Separated from One another by perforated 
plates, grids or like porous horizontal separators 
3d permitting the upWardly flowing air stream 

and Suspended adsorptive particles to pass there 
through but preventing the doWinWard passage 
of the adsorptive particles. The adsorptive par 
ticles are of such size that, preferably, a State of 
dense phase fluidization is readily maintained 
With an upflowing air Stream having a Velocity 
in the range of about 0.2 to 3.0 feet per Second, 
preferably about 0.5 to 1.5 feet per Second. Usul 
ally, the particle size of the adsorptive particles 
is not greater than about 20 mesh, and more fre 
quently, not greater than 60 mesh. 
The air stream travels upWardly through a 

plurality of fluidized beds 3 in indirect heat 
exchange relation with the countercurrently 
flowing coolant in conduits 4 and the fluidized 
adsorbent particles adsorb the normally con 
densible components therefrom. The cooled air 
Stream relatively free of moisture and carbon 
dioxide emerges from the pseudo-liquid level 3b 
of the uppermost fluidized bed 3 and passes 
through separating means 9 to keep back any 
adsorptive particles entrained therewith. The 
cold air, thus separated from adsorptive particles, 
leaves vessel through Outlet 2 attached to 
dome 2. The plurality of fluidized beds 3 
permit the maintenance of a temperature gradi 
ent along the vertical dimension of vessel , 
Which gradient is necessary for satisfactory oper 
ation of the exchanger. Each bed. 3 has a 
Substantially uniform temperature but each suc 
ceeding bed has a lower temperature than the 
adjoining lower bed. Thus, the lowest bed tem 
perature is at the top of vessel O adjacent the 
upper ends of conduits f4 where the cooling fluid 
enters and the highest bed temperature at the 
bottom of vessel O where the warm air stream 
enters by way of inlet ff2. There is, therefore, a 
descending temperature gradient in the air 
stream in the direction of its flow. The fluidized 
adsorptive particles preferentially adsorb con 
densible materials from the incoming air stream 
at different temperature levels of the exchanger, 
depending on the condensation temperature of 
these materials, and thereby prevent the accu 
mulation of condensed materials on the surfaces 
of conduits f4. 
Adsorptive particles containing adsorbed na 

terial are periodically or continuously withdrawn 
from vessel 0, regenerated in any of the con 
Ventional Ways to eliminate the adsorbed ma 
terial and returned to vessel 10 to adsorb again 
condensible components of the air stream under 
going cooling. For instance, as shown diagram 
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matically, adsorptive particles carrying carbon 
dioxide are withdrawn from the coldest (upper 
most) fluidized bed 3 through line 22, heated 
in chamber 23 to drive off the adsorbed carbon 
dioxide which is eliminated through vent 24, 
and the purged adsorptive particles returned by 
Way of line 25 to a lower fluidized bed 3 which 
is at a temperature above that at which carbon 
dioxide would normally begin to condense, i. e., 
generally a temperature above about -180° F. It 
is advisable to bring the regenerated adsorptive 
particles to the approximate temperature of the 
fluidized bed 3 into which they are to be intro 
duced before their entry into the bed. Similarly, 
adsorptive particles containing adsorbed moisture 
are withdrawn through line 26 from a fluidized 
bed 3 at a temperature below that at Which 
substantially no water vapor is found in the 
upflowing air stream, say below about 0. F., 
heated in chamber 2 to eliminate the adsorbed 
moisture which is discarded through line 28, 
and the regenerated particles returned by line 
29 to the lowermost fluidized bed 3. If de 

sired, chambers 23 and 27 may be replaced by 
a single chamber in which the adsorptive par 
ticles may be purged of both adsorbed moisture 
and carbon dioxide. 
The present invention may be carried out using 

various other types of heat eXchanging apparatus 
and procedures. For example, the adsorptive 
particles may be rapidly swept through an ex 
changer by Suspension in the air stream to be 
cooled. Deposition of carbon dioxide and nois 
ture in the air on the COOling Surfaces of the 
exchanger would be substantially avoided by the 
entrained adsorptive particles which take up 
these condensible components of air. The ad 
Sorptive particles carrying the condensible com 
ponents. Would be separated from the chilled air 
upon leaving the exchanger, would be regenerated 
and then Would be resuspended in the Warm air 
Stream entering the eXchanger to adsorb addi 
tional quantities of condensible components. 

For further carification of the invention and 
its advantages, a specific example will now be 
presented illustrating one embodiment of the 
invention as conducted in the heat eXchanger of 
Figure 2. 
In the production of oxygen by the liquefaction 

of air and its rectification at low temperatures, 
the rectification is preferably conducted in two 
stages at different pressures. The refrigeration 
necessary for liquefaction is supplied to the air, 
after it has been compressed and Water-cooled 
to approximately room temperature, by indirect 
heat exchange with the cold effluent products of 
rectification. An additional amount of refrigera 
tion is usually Supplied to compensate for cold 
losses resulting from the difference in enthalpy 
between the incoming air and the outgoing 
products of rectification and for heat leaks in 
the System. 
Cold nitrogen from the low-pressure stage of 

the rectification System enters heat exchanger 
conduits f4 through inlet 5 and manifold fl. 
At inlet 5, the nitrogen stream usually has a 
temperature in the range of about -270 F. to 
about -290°F. and is at a gauge pressure of about 
2 to 6 pounds per square inch, The incoming air 
Stream containing moisture and carbon dioxide is 
introduced into the lower portion of the exchanger 
through conduit 2 and flows countercurrently 
in indirect heat exchange relation to the nitrogen 
While fluidizing adsorptive particles in a plurality 
of beds 3. 
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6 
At inlet 2, the air stream generally is at a tem 

perature in the range of about 30° to G. F. and 
at a gauge pressure of about 60 to 50 pounds per 
Square inch. As the air stream flows up through 
vessel , moisture is removed from the Stream 
by the fluidized adsorptive particles in the lower 
portion of vessel O and carbon dioxide is re 
moved by the adsorptive particles in the upper 
portion of vessel ). Thus, in its upward flow, 
the air stream is cooled and freed of its con 
densible components which are taken up by the 
fluidized adsorptive particles; consequently, the 
external Surfaces. Of the cooling conduits 4 are 
maintained Substantially free of deposits of these 
condensible components and a relatively high 
rate of heat transfer through the walls of con 
duits is realized. The cooled air stream 
leaves vessel by way of outlet 2 after pass 
ing through filter E9 for the removal of en 
trained adsorptive particles. The cooled air 
stream exiting from outlet 20 is generally at a 
temperature of about 5° to 15° F. above the tem 
perature of the nitrogen entering inlet 5 and 
thence flows to the high-pressure stage of the 
rectification System wherein the air is separated 
into oxygen and nitrogen product streams. Simi 
larly, the nitrogen which is Warned in its paSSage 
through conduits 4 discharges from outlet 8 
at a temperature close to that of the air entering 
at inlet f: 2; usually the nitrogen exit tempera 
ture is about 5 to 15 F. below the air inlet ten 
perature. 

In one particular design, vessel to is about 33 
feet high and has eighty-seven beds 3 of fluid 
ized silica, gel particles. The air entering at in 
let 2 is at a temperature of 32 F. and a gauge 
pressure of 100 pounds per Square inch. Air Sub 
Stantially free of moisture and carbon dioxide 
leaves vessel by Way of outlet. 20 at a tem- - 
perature of -260° F. and a gauge pressure of 90 
pounds per square inch. Wessel O has two sets 
of cooling conduits 3, one set for the Oxygen 
rectification product and the other for the nitro 
gen rectification product. Both rectification 
product streams enter their respective inlets 5 
at a temperature of -275°F. and a gauge preSSure 
of about 5 pounds per square inch and exit from 
their respective outlets 8 at a temperature of 
26 F. and at nearly atmospheric pressure. 

Silica, gel containing adsorbed moisture is with 
drawn by line 26 from a fluidized bed 3 which 
is at a temperature of about -10° F., is heated in 
chamber 27 to expel the adsorbed moisture and 
then returned by line 29 to the lowermost bed 

3. The rate of withdrawals of silica, gel to 
eliminate moisture from vessel O is of the Order 
of 1 pound of silica, gel for each 10 pounds of air 
entering at inlet 2. 

Silica, gel containing adsorbed carbon dioxide 
and traces of acetylene carried into vessel by 
the air stream is withdrawn from the uppermost 
fluidized bed 3 by line 22, is heated in chamber 
23 to drive off the adsorbed impurities and re 
turned by line 25 to the fluidized bed 3 which 
is at a temperature of about -100°F. The rate 
of Withdrawal of silica gel to eliminate carbon 
dioxide and acetylene from vessel O is of the 
Order of 0.7 pound of silica, gel for each 10 pounds 
Of air entering at inlet 2. 
From the foregoing example, it is clear that the 

invention provides a simple and effective process 
by Which simultaneously a gaseous stream con 
taining condensible components is continuously 
cooled by contacting cooling surfaces to a tem 
perature below the freezing points of the con 
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densible components and the cooling surfaces are 
kept substantially free of solidified deposits of 
the condensible components. The adsorptive 
particles which, pursuant to the invention, con 
tact both the gaseous stream and the cooling Sur 
faces not only make the operation of the heat 
exchanger very satisfactory since a higher rate of 
heat transfer is realized and interruptions from 
choking of the exchanger With Solidified deposits 
of condensible components are greatly minimized 
but also permit the withdrawal of the chilled 
gaseous stream in a highly purified state relative 
to the contaminating condensible components. 
The particle size of the Solid absorbent Se 

- lected for a given operation will depend on 
whether the particles are to be fluidized or car 
ried by gaseous entrainment or moved as a per 
meable bed. Usually, particle sizes below about 
60 mesh are advisable where the particles are to 
be fluidized or carried in suspension by a gas and 
coarser particles, say about is to A inch in di 
ameter, are better Suited for forming a per 
meable bed. In a fluidized operation, it is gen 
erally desirable to maintain the fluidizing gas at 
a linear Velocity of about 0.5 to 1.5 feet per Sec 
Ond, while linear Velocities of about 20 feet per 
second and higher are frequently employed where 
the gas SWeeps or entrains the adsorptive powder 
through the heat exchanger. 
Various modifications of the invention will Oc 

cur to those skilled in the art upon consideration 
of the foregoing disclosure without departing 
from the spirit or scope, thereof. Accordingly, 
Only such limitations should be imposed as are 
indicated by the appended claims. 
What is claimed is: 
1. In the method of cooling a gaseous stream 

comprising condensible material by passage of 
said stream over cooling surfaces at a tempera 
ture Which is effective for the deposition of said 
condensible material in frozen form on said cool 
ing surfaces, the improvement of substantially 
preventing Said deposition of frozen condensible 
material which comprises moving over said cool 
ing surfaces a particulate adsorbent adapted to 
adsorb preferentially said condensible material, 
While passing said Stream over said cooling sur 
faces. . 

2. The method of claim wherein the moving 
particulate adsorbent is carried in suspension by 
said stream. 

3. The method of claim 1 wherein the moving 
particulate adsorbent is maintained in a fluidized 
State by said stream. 

4. The method of claim 3 wherein the partic- i. 
lilate adsorbent maintained in a fluidized state 
is held as a plurality of fluidized, vertically con 
tiguous beds and said cooling surfaces extend 
through said plurality of fluidized beds. 

5. The method of claim 3 wherein the gaseous 
Stream coinprising condensible material is an 
air stream comprising carbon dioxide. 

6. The method of chilling air containing mois 
ture and carbon dioxide to a temperature below 
the freezing points of moisture and carbon di 
oxide and of separating said moisture and said 
carbon dioxide from said air, which comprises 
passing over cooling Surfaces said air and ad 
Sorptive particles adapted to adsorb preferentially 
moisture and carbon dioxide to effect, simultane 
ously the chilling of Said air to a temperature be 
low the freezing points of moisture and carbon 
dioxide and the adsorption of said moisture and 
Said carbon dioxide by said adsorptive particles, 
and separating the chilled air substantially free 
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of said moisture and said carbon dioxide from said adsorptive particles. 

7. The method of claim 6 wherein the adsorp 
tive particles are silica gel. 

8. The method of recovering the cold content 
of a product of rectification in the liquefaction 
and rectification of air to produce oxygen, which 
Comprises passing upwardly a stream of air Con 
taining moisture and carbon dioxide through a 
fluidized mass of adsorptive particles adapted to 
adsorb preferentially moisture and carbon di 
oxide, Said fluidized mass being in contact with 
One Side of heat transfer Surfaces, passing down 
wardly a stream of rectification product at an 
initial temperature below about -270 F. in con 
tact With the other side of Said heat transfer Sur 
faces, thereby chilling Said air to a temperature 
below the freezing point of carbon dioxide While 
Substantially preventing the deposition of said 
carbon dioxide and said moisture on said heat 
transfer surfaces, withdrawing adsorptive parti 
cles containing adsorbed moisture and carbon di 
Oxide from said fluidized mass, treating the with 
drawn adsorptive particles to effect elimination 
of Said adsorbed moisture and carbon dioxide, and 
returning the treated adsorptive particles to said 
fluidized Ina SS. - 

9. The method of clairn 8 wherein the fluidized 
maSS of adsorptive particles is held as a plu 
rality of fluidized, vertically contiguous beds. 

10. The method of claim 8 wherein adsorptive 
particles containing, respectively, adsorbed mois 
ture and carbon dioxide are separately with 
drawn from Said fluidized mass. 

li. The method of recovering the cold content 
of a product of rectification in the liquefaction 
and rectification of air to produce oxygen, which 
CCImprises passing downwardly in contact with 
One side of heat transfer surfaces a stream of 
air containing moisture and carbon dioxide and a 
moving bed of adsorptive particles effective for 
the preferential adsorption of moisture and car 
bon dioxide, passing upwardly in contact with 
the other side of said heat transfer surfaces a 
Stream of rectification product at an initial tem 
perature below about -270 F., thereby chilling 
Said air to a temperature below the freezing point 
of carbon dioxide while substantially preventing 
the deposition of said carbon dioxide and said 
moisture on Said heat transfer surfaces, separat 
ing the thus chilled air from said moving bed, 
Withdrawing from said moving bed adsorptive 
particles containing adsorbed moisture and car 
bon dioxide, treating the withdrawn adsorptive 
particles to effect elimination of said adsorbed 
moisture and carbon dioxide, and returning the 
treated adsorptive particles to said moving bed. 

12. The method of cooling a gaseous stream 
comprising condensible material to a tempera 
ture at which Said condensible material freezes, 
which comprises passing cocurrently said gase 
ous Stream and a particulate adsorbent adapted 
to adsorb preferentially said condensible mate 
rial in contact With one side of heat transfer 
Surfaces and along the length of said surfaces, 
paSSing in contact with the other side of said 
Surfaces a cooling stream at an initial tempera 
ture below the freezing point of said condensible 
material, Said cooling stream flowing counter 
currently to Said gaseous stream, thereby cooling 
Said gaseous stream to said temperature at which 
Said Condensible material freezes while substan 
tially preventing the deposition of said condensi 
ble material on said Surfaces, separating the thus 
cooled gaseous stream from said particulate ad 
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sorbent containing adsorbed condensible mate- REFERENCES, CTED 
rial, treating the separated particulate adsorbent The following references are of record in the 
to effect elimination of said adsorbed condensible file of this patent: 
material, and returning the treated particulate 
adsorbent to passage in contact with Said one 5 UNITED STATES PATENTS 
side of Said Surfaces. Number Name Date 

13. The method of claim 12 wherein the con- 1825,707 Wagner ------------- Oct. 6, 1931 
densible material comprises carbon dioxide. 2,484.875 Cooper ------------ Dec. 18, 1949 

14. The method of claim 13 wherein the gase- FOREIGN PATENTS 
ous Stream is air. O 

Number Country Date 
PERCTVA. C. KETH. 587,774 Great Britain ------- May 6, 1947 


