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MCTHOD AND APPARATUS FOR HEATED. PRESSURE« 

HIGH PRESSURE AIR DEHYDRATION 

• v. ,  t,=v»lT. may be manufactured and used 
The invention described herein may o 

■ *. ,  <-h= united States of America for 
by or for the. Government of the umtea 

„ithMt the payment of any royalties 
governmental purposes without the p y 

thereon or therefor. 

BACKGROUND OF THE INVENTION 

This invention relates to methods and apparatuses for 

fraotionating or separating gases, more particularly to such 

methods and apparatuses «hieb operate cyclically using adsorbent 

^^-reactivated desiccant dehydretors «temperature-swing 

desiCoant dehydretors, generally operate on a « ^J 

which two towers ere alternately on-line and —^ ™ 

are reactivated by heeting, alternately, the entire bed of each 

«.„™  The long cycles depend on an efficient, 
inlet air temperature. The lony i 

2  capacity desiccant and a long, hot purge cycle to desorb the 

^ •  v~o-i-  la-rcre internal and/or 
bed.  in order to provide this heat, large 

• A       These high temperature heaters 
external heaters are required.  These hig 
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Utility problems and reduce desiccant life, -ong 
cause .any ^«^ ' ^ deslccant is . good 

other disadvantages. Also, -a ^ ^ 

4-«>-^ai  the heat is not aistn«« insulation material, tne ne 
t h» fully reactivated. Where short 

entlre towers »ay not he fully ^ ^ _ 

operating periods (on the order c ^ 

required, complete reactivation of a tower 

occurring. dehydrators have heen considered 
Pressure-swing desiccant ae y 

u   ««t been successfully demonstrated for 
and attempted but have not been 

short-cycle operations.  Pure pressure-swing 
high pressure, short cycle ^ 

.,_^ ,*- -HV.O external addition or 1-=^ 
dehydrators operate without the extern 

,   «r, the order of minutes or 
heat end depend on . short eye e^ -       ^ ^ ^^ 

seconds.  Xn sue <£^      _ vapor, desorption 

particle material effectively through the 
oeing accomplished by passing dried low-pressure air thro 

b    This deeiecant regeneration method does not desorh 

"eguetely enough water vapor to meet stringent dehydretor 

Tola nee reguirements.  In drying air, desorption is furthmr 

'Tb thT.oule-Thomson cooling effect which occurs when 
hampered by the Joule endothermic cooling 
high-pressure air is depressurized and by 

effect which occurs with weter vepor desorption. 

, mUS Patent 2,944,6,7 discloses the fractionating 
Skarstrom U.S. Fatem. *; 

, mixture by adsorption; in specific application, 
of a gaseous mixture oy aw  * 

*.* Hrvina of a gaseous mixture such as air 
Skarstrom discloses the drying of a g 

25. bv removal of water vapor. 

cassano U.S. Patent 4,5,5,635 discloses the use of a 
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»nri nressure swing absorption- 
v^r^-Hon of temperature swing and pressure 

combination o£   P nP„iiv provide a continuous 
aesorption sequence procedures to cyclically provi 

<- „«. air and specifically oxygen, 
separation of the components of air, and p 

from air 

20 

25 

*. *. -» AAR 561 and McKey et al. U.S. 
Seibert et al. U.S. Patent 3,448,561 an 

^ ar,naratus for adsorbing 
Patent 4.127,395 disclose »ethod and apparatus 

the water vapor concentration in tne »ixture to belo„ a 

perBissible .*- concentration.  The Sei.ert et al. refer- 

and the -Key et al. reference eacn disclose a process - 

lindes removing sorbed water vapor from a bed of a sorbent at a 

:Lnre below «. pressure at «^ Sorption is effected or at 

an elevated texture sufficient to desorb tne water vapor 

^te. *. et al. U.S. Petent .,*,.... — met^an* 

apparatus for adsorb one or more first gases from a ml^ure 

A  «aS to reduce the concentration of the thereof with a second gas to reauo 
fn helow a permissible maximum 

first gas(es) in the mixture to below  p 

concentration. Hinclose 
seibert et al.. McKey et al. and «if. or. et al. drsclose 

apPlicabilitV - -ir respective inventions tc system where. 

Iheat is applied to the desiccant bed to effect —^, 

* w »ii of the desiccant bed is heated to 
to systems wherein part or all of tne 

er Jet generation, to system wherein regeneration is 

at reduced pressure, to system utilizing a purge-gas flow, and 

to systems comhining one or more of these features. 
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SUMMARY OF THE INVENTION 

The aforesaid references, singly or in combination, neither 

teach nor suggest the method and apparatus of the present 

invention.  Among the features of the present invention which are 

not disclosed by the aforesaid references are the utilization of 

an easily desorbed adsorbent material (desiccant, for dehydrating 

applications).having sufficient drying capacity, and the 

effectuation of a short low-temperature burst of heat to boost 

desorption.  In accordance with the present invention, the use of 

an easily desorbed adsorbent material enhances the effect of the 

heat increase.  This invention advantageously succeeds in 

significantly reducing the cycle durations as well as in applying 

a moderate increase in heat during the beginning of the 

reactivation cycle to boost desorption.  The present invention is 

capable of meeting stringent performance requirements. 

The present invention provides method and apparatus for 

separating gases.  The terms »gas« and "gaseous," as used herein, 

include reference to any substance which is conventionally 

considered to be a gas or gaseous or in a gaseous state, for 

example air, and also include reference to any substance which is 

conventionally considered to be a vapor or vaporous or in a 

vaporous state, for example water vapor.  For many applications 

of this invention, water vapor is separated from air; i.e., the 

air is dehydrated.  The short-cycle process of this invention 

produces, at high pressure, change in gas concentration.  For 
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dehydrating gas separation processes, this change in gas 

concentration »ay he thought to he manifested as reduction in 

dewpoint. 
According to »any embodiments of this invention, a short 

burst of heat is added during the beginning of the reactivation 

cycle to boost desorption. The reactivation cycle is completed 

typically in about thirty minutes or less time.  Utilization of 

an easily desorbed adsorbent material <desiccant, for dehydrating 

applications,' and implementation of a short low-temperature burst 

of heat serve to reactivate a significant portion of the 

adsorbent bed (desiccant bed, for dehydrating applications, , m 

preparation for the next drying cycle, that portion of the bed rs 

cooled by the cooler purge fluid that follows. 

For dehydrating applications, the present invention concerns 

apparatus and method for accomplishing short-cycle operation of 

high-pressure pressure-swing desiccant dehydrators, for example 

wherein a -«0- F dewpoint at 3000-4500 psig is achieved by adding 

. burst of heat during the beginning of the reactivation (purge, 

cycle.  According to this invention, the effect of the burst of 

heat is enhanced by utilization of an easily desorbed desiccant. 

In a preferred embodiment, an in-line heater is energized to 

heat the desiccant bed's inlet low-pressure purge air, i.e., 

expanded product sir, to about 200- F for the first several 

minutes of the purge cycle; the heater is then turned off for the 

rest of the purge cycle. The heat increase, which preferably i. 

in the form of a burst, allows shorter operating periods and rs 
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more tolerant of oyole interruptions. 

It will be appreciated that other modifications of 

mention are possible in the light of the teaching herein.  Tor 

example, the heat hurst of the invention oan he adapted to 

afferent operations, the dehydrator can he optimized for the 

operating conditions, the dehydrator hed can he used with 

aesiccant combinations to enhance performance, and the heat-hurst 

_  A    ^ for other gas separation processes, 
concept can be adapted for otner g 

BRIEF DESCRIPTION OF THE DRAWING 

*.i~  -.riow of an embodiment of the FIG.  1 is a diagrammatic view or an «^ 

present invention. 

„c desiccant towers 11 and 12 are disposed in separate 

.ranches of a controlied flow dehydrator, generally indicated at 

13 to alternately adsorh water vapor fro. a feed air stream 

entering through an inlet IS.  Each tower contains an easily 

curbed desiccant, e.g., one containing open-pore particles, not 

shown, having a sufficient drying capacity such as Alcoa F-200 

activated alumina. 

A third tower 17, which is manually operated, provides an 

urgency backup method of producing dry air in the event of 

cycle failure.  Under emergency mode operation, to provide 

maximum operating time, the backup desiccant tower 17 contains 

,.   desiccant material having a high adsorption capacity, not easily 

desorbed desiccant material. 
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DETAILED DESCRIPTION OF THE INVENTION 

Referring now to FJG.  1,   free moisture end particulate 

matter ere removed fro, inlet air by prefilter 20, efter which 

the eir passes upward through either tower 11 or 12 where weter 

vapor is adsorbed from the air for a period of approximately 

thirty minutes. 
For further discussion, assume the high-pressure inlet air 

undergoing dehydretion is passing through tower 11.  Mterfilter 

,S removes desiccant particles before the air is discharged into 

. sealed enclosure, such as a submarine's air system, through 

.acupressure regulating valve 70 which is set to open at about 

4200 psig.  Simultaneously, a small portion of product err is 

bled off of the product air stream downstream of the afterfilter 

and is expanded through pressure regulating valve 47 to about 80 

psig.  The product air passes over heater 61, in a preferred 

embodiment an 800 Watt cartridge heater, to a temperature of 

about 200- T  for the first few minutes of the approximately 

thirty-minute reactivation period.  This air, which is identified 

as purge air, then passes downward through off-line tower 12 to 

reactivate the desiccant in it. 

At the end of the reactivation period, off-line tower 12 is 

pressurized over about a one-minute period through pressurization 

solenoid valve 76, to prepare it for high pressure adsorption. 

The towers then switch, and the now off-line tower 11 is then 

aepressurized over about a two-inute period before the purge 
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flow begins.  These controlled pressurizations and 

aepressurizations minimize noise and damage to the desiccant 

particles during these pressure cycles.  Since dehydrator 13 may 

operate in either a one-compressor or two-compressor mode, it 

automatically begins operation when either or both compressors 

start.  Automatic valve 48 directs the purge air through the 

proper restriction (orifice 54, if required) to control the purge 

flow to match the number of compressors in operation. 

Solenoid operated valves and check valves direct the air 

flows, and an automatic controller monitors the valve sequencing, 

heater operation and flow and temperature alarms.  Since 

significant air losses occur during the depressurization process, 

the purge air losses are set low enough that about a 10% total 

air loss requirement is achieved. 

The air entering at inlet 15 passes through a coalescing 

prefilter 20 where its temperature is sensed at inlet temperature 

sensor 22 and its pressure is sensed and indicated at a 

differential pressure indicator 25.  An inlet bypass valve 26 and 

an outlet bypass valve 27 when closed direct the air stream 

through a manual cutout valve 28 by means of which entry into 

dehydrator 13 is achieved.  Accumulated water in the prefilter 20 

is drained, when necessary, through a solenoid operated blowdown 

valve 30, a manual blowdown valve 31, and a frictional throttling 

tube 32. 

The system may be operated at 75 scfm using a single air 

compressor, not shown, or at 150 scfm using two compressors. 

NAVY CASE NO. 71,130    8 



inlet air enters tower 11 via a solenoid-operated valve 35 and is 

prevented at this point from entering tower 12 by a solenoid- 

operated valve 36.  The high-pressure dehydrated air, after 

passing through tower 11, passes through a check valve 44 and an 

5   afterfilter 45 where its pressure is indicated by a differential 

pressure indicator 46.  After a desired operating pressure is 

achieved, a backpressure valve 70 opens and releases the dry air 

through an open manual cutout valve 71 and the outlet 69.  The 

dewpoint of the discharged air is determined through a dewpoint 

io   sample connection 72.  A desired volume of the dry outlet air is 

redirected as purge air for the second tower 12.  This purge air 

passes through a pressure reducing regulator valve 47, a 

solenoid-operated valve 48, a flow controlling orifice 54 (if 

required), a flowmeter 50, a purge throttle valve 51, and a check 

15   valve 53. 

Before entering tower 12, the purge air temperature is 

controlled by a temperature controller 60, a reheater 61, and a 

temperature switch 62.  The purge air passes through tower 12, 

reactivating or desorbing the desiccant within, and is vented to 

20   the atmosphere by passing through solenoid-operated valves 65 and 

82, noise silencer 83, and outlet 80.  After a desired volume of 

. air has entered the system, solenoid-operated valves 65 and 82 

close.  Tower 12, which is effectively at atmospheric pressure, 

is pressurized in preparation for being placed on-line to 

25   dehydrate the inlet air 15.  This is accomplished by opening 

solenoid-operated valve 76 allowing dry high pressure air from 

NAVY CASE NO. 71,130 



tower 11 to enter tower 12 through . factional throttling tube 

"'  once the desired pressure is obtained in tower 12, solenoid- 

operated valve 78 closes, solenoid-operated valve 38 opens and 

solenoid-operated valve 3S closes, reversin, the inlet air flow 

from tower 11 and into tower ia. The dry high-pressure outlet 

air fro, tower 12 then passes through checK valve 103, 

,«iw 70  and manual cutout valve 71 
afterfliter 45, backpressure valve 70, ana 

flflf gg  At the same time, tower H 
and is discharged through outlet 69. At Tin 

=+.<rvn for its reactivation cycle.  The 
is depressurized in preparation for its r 

.  .,.  ,„iB vented to atmosphere through high pressure air within tower 11 is ventea 
*« -F-rictional throttling tube 81, 

open solenoid-operated valve 66, frictionai 

silencer 83, and outlet 80. 

After the desired volume of air has been released from tower 

.   11( solenoid-operated valve 8. opens and purge air flow begins 

through tower 11 (,ust as occurred through tower 12, .  The purge 

air passes through pressure reducing regulator valve 47, 

solenoid-operated valve 48, flow controlling orifice 54 «xf 

n-tti, valve 51 and check valve 
reguired),' flowmeter 50, purge throttle vaiv 

,   104.  Before entering tower 11, purge air temperature is 

controlled by a temperature controller 40, a reheater 41, and a 

temperature switch 42.  The purge air passes through tower 11, 

reactivating the desiccant within, and is vented to atmosphere 

through open solenoid-operated valves 85 and 82, silencer 83, and 

25   outlet 80. 
.  fVlie fashion by the control of air The cycle continues in this fasnion uy 
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assures and flows by the various valve, and regulation of purge 

air temperatures by the reheaters and controllers.  In thrs 

manner the towers are alternately placed in a reactivation .ode 

and an adsorption mode (removing the moisture from the inlet 

air) . 
The pressure in tower 11 is indicated by a pressure gauge 85 

which is joined to tower 11 via a bloc* valve 86, a vent valve 

87, and a gas snubber 88. The pressure in tower 12 is indicated 

by a pressure' gauge 80 which is joined to tower 12 via a bloc* 

valve 91, a vent valve 92, and a gas snubber 93.  The means by 

which a burst of heat is added during the reactivation cycle 

include reheaters 41 and 61.  Outlet manifold 107 includes check 

valves 44, S3, 103 and 104 and purge throttle valve 51. 

in the event of a cycle failure, bypass tower 17 may be used 

to produce dry air. Opening manual cutout valves 26 and 27 and 

closing manual cutout valves 28 and 71 direct the inlet air 15 

through bypass tower 17 after passing through the prefilter 20. 

The pressure in the bypass tower 17 is indicated by a pressure 

gauge 96 which is joined to bypass tower 17 via a bloc* valve 97, 

a vent valve 98, and a gas snubber 99. 

in a preferred embodiment, developed by the U.S. Navy, 

compactness is achieved by mounting all components on a base 

frame to accommodate a 28-inch wide, 26-inch deep and 54-inch 

high (approximate dimensions) dehydrator whose estimated dry 

„eight is about 1500 pounds.  The two cylindrical desiccant 

towers 11 and 12 each measure about 8 inches outside diameter and 
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about 29.75 inches long.  Desiccant towers 11 end 12 each contain 

approximately 570 cubic inches of granular desiccant arranged in 

a cylindrical bed measuring about 5.5 inches in diameter and 

about 24 inches deep.  The cylindrical emergency bypass tower, 

containing about 159 cubic inches of high adsorption granular 

desiccant, measures about 5 inches outside diameter and about 

25.63 inches long. This embodiment of the present invention is 

considered to meet the -60 <T pressure dew point requirement at 

3000-5000 psig with 75 «F saturated inlet air temperature, and to 

operate in ambient temperatures between 40 °F and 122 °F at 50 

percent relative humidity. 

It will be appreciated that the present invention differs 

substantially from the reactivation of heat-reactivated 

dehydrators in that, among other distinctions, the maximum 200° F 

purge air temperature is much lower than the 400° F to 800° F 

required during a typical heat-reactivation cycle, and the 

duration of the heat burst is only a small portion of the purge 

cycle.  This lower temperature eliminates unreliabilities 

associated" with high temperatures on heaters, valves and other 

components.  The system of the present invention relies primarily 

on pressure for reactivation; hence, heat distribution does not 

present a problem since it only acts as a booster.  Having the 

heaters located immediately upstream of the purge inlet of the 

desiccant towers and external to the desiccant bed also improves 

system reliability.  Moreover, the short, low temperature heat 

burst permits rapid cooling of the towers. 

NAVY CASE NO. 71,130    12 



Among other advantages, the present invention uses only the 

water-holding capacity of the outer surface of open-pore 

desiccant particles and thus is more dependent on desorption 

efficiency than on adsorption efficiency.  A desiccant with small 

5   pores or one that is too efficient in adsorption capacity will 

not desorb properly. Therefore, among the principal features of 

this invention is the use of an easily desorbed desiccant with 

desorption in order to meet performance requirements for short- 

cycle operation. Also, short cycles do not require long 

10   dehydrator operations and are more compatible where compactness 

of equipment is a necessity.  The system is fully automatic and 

is energy efficient. 

In practicing the removal of water vapor from air (or the 

removal of water vapor from another gas) in"accordance with 

is   present invention, modification or optimization of one or more 

operational parameters (e.g., desiccant tower configuration, 

inlet throughput rate, product dew point, product discharge 

pressure, regeneration purge pressure and flow rate, and heat 

burst temperature and duration) can produce a desired dew point 

20   product; among the multifarious embodiments and applications of 

this invention, such selectivities can be accomplished over wide 

ranges of throughputs, operating pressures (e.g., adsorption 

pressures, regeneration pressures) and dew points. 

Hence, water vapor removal from air (or another gas) can be 

25   effectuated according to this invention whereby at least one 

operational parameter substantially differs (e.g., in terms of 

NAVY CASE NO. 71,130    13 



desiccant tower configuration or in terms of a parameter value 

which is substantially higher or lower) with respect to the 

corresponding operational parameter in the example described 

hereinabove with reference to FIG.  1.  For example, the 

5   ordinarily skilled artisan practicing this invention can modify 

one or more operational parameters so as to produce a 

dehumidified product air (or another dehumidified product gas) 

having a dew point which is anywhere in a range from slightly 

below the inlet condition dew point to below -80 °F. 

io        Furthermore, according to varying methods and apparatuses of 

this invention, water vapor can be removed from air inlet streams 

(or gas inlet streams) at pressures ranging from near atmospheric 

pressure (14.7 psi absolute) to pressure above 5000 psig.  In the 

light of the teachings herein the ordinarily skilled artisan can 

is   design the appropriate hardware for the intended pressure.  For 

embodiments wherein the adsorption pressure is near atmospheric, 

desiccant regeneration is carried out at subatmospheric pressure 

(vacuum). 

Moreover, the present invention can operate at throughputs 

20   below the 75 scfm and above the 150 asfm dislosed in the above 

example described with reference to FIG.  1.     The ordinarily 

skilled artisan can accomplish this by adjusting (primarily 

dimensionally) the configuration of one or more desiccant towers 

and/or by adjusting one or more other operating parameters (e.g., 

25   heat burst maximum temperature and duration, cycle timing, and 

regeneration purge pressure and flow rate). 
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In addition to applications involving dehydration of air or 

dehydration of a gaseous substance other than air, the present 

invention encompasses non-dehydrating applications.  Through 

appropriate modification of the adsorbent material towers, 

selection of appropriate adsorbent material, and optimization of 

other operating parameters, the ordinarily skilled artisan can 

practice the principles of the present invention for effectuating 

separation of vapors or gases wherein an anhydrous gaseous 

substance is removed from another gaseous substance. 

The combination of the heat burst and the difference in 

adsorption and regeneration pressures synergistically affords 

distinct benefits in achieving high degrees of separation and 

long-term stabilities of operation and performance.  In 

accordance with this invention, for instance, a low vapor 

pressure component such as oil vapor can be removed from an air 

or from a non-air gas.  For such embodiments the heat burst can 

be effective in preventing the gradual accumulation in the 

adsorbent bed material of the low vapor pressure constituent; 

such accumulation could shorten the operating life of the 

20   adsorbent bed and deteriorate separation performance. 

Examples of adsorbent materials which can be appropriately 

or preferably used, either singly or in some combination, as the 

desiccant material (for dehydrating applications) or other 

adsorbent material (for non-dehydrating applications) in 

25   practicing a given embodiment of this invention, include but are 

not limited to activated aluminas, activated carbons and 
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zeolites.  In practice of this invention, the ordinarily skilled 

artisan can select the appropriate desiccant or other adsorbent 

material for optimizing relative adsorption and desorption or 

reactivation performance.  It is within the ordinary skill in the 

5   art to practice the general principles regarding optimization of 

the relative adsorption and desorption performance as relating 

the nature of the equilbrium adsorption and desorption isotherms 

(hysteresis) and molecular transport rates in the adsorbent pore 

structure. 

10       Parameters such as cycle duration, heat burst duration, 

applied heat burst temperature and adsorbent bed size are 

adjustable by the ordinarily skilled artisan in accordance with 

the overall constraints and performance requirements of the 

particular application of this invention which is practiced.  The 

15   ordinarily skilled artisan who practices this invention will have 

sufficient familiarity with the interrelationships among these 

parameters and the engineering "trade-offs" involved in their 

adjustments.  In terms of some general upper limits for 

practicing most embodiments of this invention, the duration of 

20   the combined adsorption and reactivation cycle will not exceed 60 

minutes, the duration of application of the heat burst will not 

exceed about 70 percent of the duration of the reactivation 

cycle, and the temperature of the heat burst as applied will not 

exceed 3 00 °F. 

25        Generally speaking, for embodiments akin to that described 

in the example hereinabove with reference to FIG.  1,   wherein the 
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adsorption cycle is approximately 30 minutes and the reactivation 

cycle is approximately 30 minutes, the heat burst which is 

applied at the beginning of the reactivation cycle at about 200 

°F will have a duration of about 17 minutes.  In general when 

s   practicing this invention, the heat burst should be effectuated 

early in the reactivation cycle and its duration should be 

appreciably less than that of the reactivation cycle, the main 

consideration being that the adsorbent bed thereby be allowed to 

cool before the adsorbent bed is returned to the adsorption 

io   cycle. 

Although this invention has been disclosed and described 

with reference to particular embodiments, its principles are 

susceptible to other applications, some of which already have 

been mentioned, to persons skilled in the art. 

15 
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Method ana apparatus for separating gases, especially for 

moving water vapor fro» a gas such as air.  This invention uses 

a short-cycle process which produces reduction in dewpoint (for 

aehydrating gas separation processes) or change in gas 

concentration (for non-dehydrating gas separation processes, at 

high pressure, and which includes adding a short hurst of heat 

during the beginning of the reactivation cycle to boost 

aesorption and complete it typically in about thirty »inutes or 

less tl«.  An easily desorbed desiccant (or other adsorbent 

»aterial for non-dehydrating applications, and the short low- 

teuperature burst of heat serve to reactivate a significant 

portion of the desiccant bed (or adsorbent bed, . and the cooler 

purge fluid that follows cools that portion of the bed in 

preparation for the next drying (or adsorbing) cycle. 
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