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i r ta Approxi-
mately 180 F. Fig. 7 oont.ams equlhbnum data for several
common desiccants plotted on the relative humidity basis.
Silica gel and alumina gel are so-called high-capacily desiccants
because of their large ethbnum capulues at high relative
humidities. It should be , that the ca~
pacities given in Figs. 6.and 7 are eqmlibnum values and
should not be used for the des'gn of dyna.tmc systems. Under
certain th
outperform high-capacity desiccants.

The process of adsorption by solid desiccants is revexsxble I
the vapor pressure of the adsorbed water becomes greater than
the partial pressure of the vapor in the surrounding atmos-
phere, water will be released by the adsorbent. In most cases,
this desorption is lished by the application of heat to
drive off the adsorbate. Reacti & for com-
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containers. This method was used extensively by the armeq
services during World War 1 to preserve oversens chi

and domestic storage. Some foods sensitive to humndxty
such as potato chips, are now packaged with s small eon(.mm-
of solid adsorbent to retain freshnesa.

On the other hand, dynamic debumidification is operated
with forced passage of the air bei.ng .treated through the
desiccant bed. This method is used in installations such ag de-
humidified warehouses' and ships of the “Mut.hball Fleet,”
where large volumu of air must be dried.

The only ; ites for & d ic debun hﬁermadem.
cant bed, afantoforcethehumdmmrmxghthmbed anda
heater or ather means to periodically reactivate the adsorbem._
As the air passes into the activated desi it
certain amount of .its- water vapor. The rate” of moxsmm
pmkup and the humidity condition of the leaving air are
ions of a great many variables, some of which will be

mon desiccants are generally within the range 200 to 500 F.
Since no physieal or chemical change occurs to the adsorbent
in this process, it is again ready to extract water from a wet
gas after the so-called reactivation. It is this property of re-
versibility which makes adsorption an economical process.
Most solid adsorbents are able to operate for thuusands of
adsorphon—machvahon cycles.

It is not necessary to apply heat to reactivate solid desic-
cants, since these materials will come to equilibrium with the
relative humidity. of the gas stream with which they are in
contact. The new heatless dryers use this system for t

discussed later. The mtio of the amount of water adsorbed by
the desiccant in a given time'to the amount of water vapor
in the air entering the desiceant bed during that time is
known as adsorption efficiency. A characteristic of adsorbents
in dynamic use is that this adsorption efficiency remains con-
stant and at a relatively high level from the beginning of an
adsorption eyele until some later point in the cycle at which
tune the efficiency begins to drop. This point is known as the
breakpoint, and the t of water adsorbed on the desi

at this pomt is known a3 the breakpoint capacity. In the ideal
case the break ity would coincide with the equi-

tion. After the adsorbent becomes wet in the drying opera-

tion, & portion of the dried gas is expanded and used for reac-

-tivation. This expanded gas will have a very low relative hu-

midity and moi will be d from the desi

-order to appmach a new equilibrium. Thxs type of reac‘hvatwn

is usually d to units op greater

than 60 psig. As\nmblevuumnca.nalsobeusedﬁoreschvate

solid adsorbenta.

- In order to be satisfactory for ial dehumidification

purposes, an adsorbent shnuld have. Lhe Iollowmg chsmo—

teristics:

1 adsos aci : :

vl s?tl‘)w ;?prmyng contamination from hu.

Chemical
3 Physical ruggedness to resist breakdown from ha.nd and
4 Capability of ivation at P Iy  ob-
Lu.mab -

. 5. Heat stability at reactivation temperatures.” -
. 6 Relatively hlgh density to avoid excessive bulk.
. Reasonable cost.

A number of adsorbenﬁ are avax]&ble for use in- sohd ad-
" gorption sy and b

silica gels, and nluxmno-sﬂxcaws marketed under various
trade names. The reader is referred to the various manufac-
turers for detailed information negm'dmg performnnce of the
“various desleca.nts

SOUD ADSORPTION SYSTEMS'

Dehumidification by a solid desiceant such as sxlws gel or
activated alumina may be performed under either static or
dynamic operation. In the static method, there is.no forced
.circulation of the gas to be dried into, or through, the desic-
cant. Instead, the air lmmedmely summndmg the adsorbent.
is initially dried and sub |and

librium . In actual op however, breakpoint
eapeclty mn bea small pmport:on of the ethbnum eapaclty,
For

with low ﬂow rates and deep beds, breakpoint capamty will
approach equilibrivm capacity. High inlet temperature and
humidity, small bed depths, and high flow rates will all tend
to decrease the breakpoint capacity. Although additional
drying can be effected beyond the breakpoint, good commer-
cial i quires that the desi be ted at or
near this pomt Adsorption carried beyond the bmkpomt
continues at an increasingly slower rate until the adsorbent
is completely saturated. This point is known as completion. .
When regeneration of the adsorbent is desired, the heater
is energized and the direction of air flow through the bed is
usually reversed. The dry-bulb temperature of the effluent air
rises rapidly at first, and then virtually.levels off for a period
of time. This period of level or slowly increasing temperature
represents the period during which the major portion of the
heat input is being used to boil off the adsorbed water. This
pattern i until most of the water con-
tained in or on the dmcca.nt is released. When the latent heat
begin to diminish, the heat input goes into sensi-
blehmtgamhﬂlepmngaustmm.Thmxsreﬂecwdmu
rather sharp increase in- the. dry-bulb temperature of the
effluent air. This period, measured from the beginning of de-
sorption, has been designated temperature-rize time. Although
edditional regeneration (at a slower rate) can be attained by
continuing the heat addition process beyond the temperature-
rise time, once agein tice calls for ivati
fobeendednearthmpomtunlamverydryeﬁluentwlsm-
quired in the following adsorptlon eycle. Regeneration past
this point until the adsorbent is in moisture equilibrium with
the air stream is known as complete desorption or desorption

diffusion,. water vapor from spaca md ob;ecf.a farther away
_pass into the air surmundmg the desiccant and then to the
-desiccant where it is adsorbed. Since considerable time ‘may
be required for the air and the desxcca.nt to establish equilib-
_rium, this type of dehumidification is “best suited for sma!l

letion. The energy expended in the heater per unit weight

of water desorbed for any. given time is called econemy of

desorption and usually is expressed in kﬂowntt hours per
pound of water desorbed. -,

During the process of adsorption there is a liberation of

heat which results in an elevation of the effluent air tempers-

Dehmidiﬁcaﬁbn By Sorbent Materials

wire. This heat is equlvnlent to the latent heat of vaporization
of the adsorbed liquid ‘plus an added quantity known as the
heat of wetting, which is defined as the heat developed ‘when
the liquid and the solid surfacé contact one another. The heat
of wetting is relatively large when adsorbing the first water
molecules on a freshly mctxv{sted dmmne and tapem off

. by ‘the manufact
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and is trolled by a timer. Larger
units may have adjustable time cycles that can be chaaged
for various operating conditions. Still other units are operated
:from either manual or uutomshc mdmgx of the efﬂue.nt mmst-
“ture content. -

:'Many variations in the simiple design g:vm in Fig. 8 are

to a very low value as the d
As the adsorbed vapor condenses, the latent heat is converted
to sensible. All of the released heat, known’ cumulahvely as
‘bc;.majadmrptwn,xs"' d into the d the
enclosure, and the passing air stream.. In comfort au- con-
dmomng it |s often necessary to. cool the-effiuent air prior to
to the ditio spnoe but m ‘most other
dehumxdxﬁcshon Lppl.lcstlons ‘this beat is not:

ilable from the various mnufacmrem ‘of dual-bed usits.
Valves may be y. Flow of air may
be up or down in en.her the drylng or the reactivation cycle.
“Beds may be vertical, horizontal or radial, the latter fo give
a larger cross-sectional- area for large Vohimes of aif to be
dried. Reectlvatlon can be by steam, elecf.ncxty, or gas, or by

the newer h Som
facty install coolmg omls in the adsorben!. beds- \‘A)

in which case no pmvmons are made for its removal. An
operation of this type is called adiabatic, meaning that the
releasedheatxshkeuupforthemostpartbythepamngan
stream, that the adsorbent ‘chamber is insulated, and that ho
attempt is made to cool either the adsorbent or the effluent
air. Although ordinary air-conditioning dehumidification
only approaches the adlabahc prom, it is called adiabatic
to diffe iate it from i ption’ in which the
bed is cooled by eoolmg coils. Even then only part of-the heat
of adsorption -can be removed. Under:troé-adiabatic condi-
tions at atmospheric pressure, temperature in the desicéant
bedca.nnseaahxghasMSthendrymgwofh:ghmouwre
content?

As would be ted, the useful of the ad-
sorbent wnll be qmte low" for this type of operation and,
y, the ic heat i of t.he adsorbent

will be the cunt.roll.mg factor for design.
Some of the many variables that influence the results of a
dynamic dehumidification operation are as follows:

A. Varisbles concerning the desiccant bed:
1. Typo of desiccant, .
2. Dry weight of desiccant. -
8. Particlo size.
4. Bulk dcnnty
5. Shape of bed.
of bed normal to gas flow.
th of bed.
acking of the desiccant in the bed.
. Pressure drop through bed.
B. Varmble.s concerning the gas to be dried:
1. Flow rate.
2. Temperature.
8. Moisture content.
4. Pressure.
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Fig. 8 .... Typical Dual-Bed Dehumidification Unit

remove some of the heat of adsorption while others divide
the adsorbent beds and install coolers between the sections to

5. Contact time b dsorb fi

and a of inlet
face velocity and bed £;

C. Variables concerning resctivation:
1. Reactivation rature.

2. Rate and magnitude of heat su
z ’11‘1::: ﬂox:xx: capacity of the be‘:l?ly
5 Amoﬁ:?of gmdxem. of the bed.
6. Amount of sweep gxa.

D. Mlsuelhneous

time.
2 Leakage from the apparatus.

Solid adsorpnon dehumidifiers are usually of the statio!
dual-bed type in which one bed is adsorbing while the O?ilg
is being reactivated. Some air or gasa flow should be provided
during the reactivation cycle to sweep out the moisture which
is released by the heat. Fig. 8 shows a schematic flow diagram
for a typical duni-bed dehumidification unit using heat for
reactivation. MoBtmxspassmghhmughBedAﬁomﬁopw
bottom while Bed B is being reactivated. When the effluent
&ir from Bed A is no longer dry, the flow to the two towers is
switched 8o that Bed B goes on the drying cycle while Bed A
is reactivated. Cycle time is norma.l}y specified for the unit

lish this purpose. Beds may be relatively shallow for

partial drying, or deep for complete drying.

Relatively low dew points can be obtained iu a closed  room
mﬂxamad:mehawngathin’ i bed b
the room air through the machine a number of times, pm—
g;'esslvely lowering the room dew point as increasingly drier
air enters the hine. The ity must be greater
than the internal moisture load and the infiltration of mois-
ture from external sources. Deep desiccant beds.are used
when extreme dryness is required in one pass through the
dehumidifier, and the air is not recirculated. Beds as deep as
15 ft have been used in some large units. Such beds can pro-
duce efffuent dew points below —100 F in continuous opera-
tion. Typical performance data for dry desiccant units will be
found in Chapter 85 of the 1964 Guine AND DaTta Boox.

SORPTION DEHUMIDIFAIERS FOR ELEVATED
PRESSURES
‘The same sorption principles which pertain to Iow-prmsura

(approximately ntmosphenc) dehumidification- apply to
drying "of high-pressure air, process, or other gases. The




