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Fig. 3 .... Temperature—Equilibrium Dew-Pcint Char-
acteristics tor Typical Organic Absorbent

tained at the required temperature by adding heat in propor-_

tion to the water absorbed by the air from the solution, Water
is automatically added to the solution to maintain the proper
concentration.

SOUD ADSORBENTS

A golid adsorbent (desiccant) has the property of adsorbing
moisture from, or adding moisture to, a gas, such as an air-
water vapor mixture, depending on the vapor pressure dif-
ference between the water in the gas and the water in the

adsorbent. Actually, all gases and vapors are adsorbed to some .
extent on an adsorbent surface. In the case of an air-water-
vapor mixture, the amount of air adsorbed is wery small,

compared to the amount of water adsorbed, and, conse-
que.n(.ly, dehumxdzﬁmhon of the air occurs. For some other
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Fig. 4 .. .. Temperature—Equilibrivm Dew-Point Char-
udensucs for Typicaf Inorganic Absorbent

forces in all directions, whereas an atom on the surface of a
solid is subjected to unbalanced forces, the inward pull being

- greater than the force outward. As a result of these unbal-
- anced forces, the surface of a solid, just as that of a liquid,

will tend to decrease and a surface tension will result. It is
these “unbalanced forces existing at the surface of a solid
(internal and external) which cause the adsorbate to be at-

- tracted and held on the solid, i.¢., for adsorption to take place.

When an active adsorbent is brought into contact with a
gas of high-bumidity, there is a tendency for the vapor pres-
sure of the water in the adsorbent to reach equilibrium with

_the partial pressure of the water in the surrounding gas, with

the result that water is extrdacted from the gas by the adsorb-
ent and the moisture content of the gas is decreased. De-
humidification of the gas stream has thus oécurred. The
weight of wawr a given ndsorbcnt will extract is dependent
almost ..mu, upon the relati idity (ratio of the par-
tml pressure in the gas to the saturation pressure at a given

ining , the of the camzr gas Ad-
sorbedmnybe ppreciable with a
ity of the desi t.. Although at—
temps have been made to correlate the amounts of specnﬁc
components adsorbed on various desi ts, no 1

of the gas except at temperntures greater than
approximately 180 F, where there is a slight effect of tem-
perature. The ndsorbent is said to be saturated for a given set

reliable means of predicting- these have been found. Polar -
compounds are usuaily more strongly adsorbed than non-:
polar. Within a given chemical fmmly, higher molecular -
weight compounds are adsorbed easier than low molecu.lar,

weight compounds. Correlations have also been made wlth

boiling points and eritical temperatures of adsorbates.. b

Adsorption takes place at the surface of the ndsorbenl:
where the gas and solid ¢come in contact with each other, ie.,
at the interface. Materials that are used commercially as sotid
adsorbents have a porous structure of submicroscopic dimen-
sions,- which gives them an extensive internal surface:area..
This area may be as large as 4,880,000 sq ft per 1b (1000 square
meters per gram) of. adsorbent, and the internal pore radii
only a few angst: The t'of material adsorbed under
equilibrium conditions is proportional to the surface area of
the desiccant if the pores are large enough to allow penetra-
tion of the adsorbate into the interior of the desiccant. Atoms

- or molecules of a solid are beld tagether by various forces:

electrostatic forces, van der Waals forces, valence folces,

o etc? Ap atom in the interior of a solid is subjected to equal

of ditions when equilibrium is attained. The amount of
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Fig. 5.... FHow Diagram for Typical Liquid- .
Ahsorben' Dehumidifier
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Fig. 6.... Sihca Gel—Water-Vapor Equilibrium Curvcs

water adsorbed on the desiccant at this point is known as
equilibrium capacity.

The rate of water sorption is extremely rapld when the dif-
ference in vapor pressures between the water in the gas and
in the desiceant is large. As this difference becomes small,
however, the rate of adsorption usuaily decreases and many
hours may be required to reach t.he equxhbnum capacity.
This equilibrium ity will be i ther deter-
mined under static or dynamie operating conditions, but
many more hours will be required under static oond.itions
because the forces of convection and diffusion must carry the
water vapor in the air to the surface of the adsorbent.

Equilibrium capaclt.la of a given desiccant for water can
be represmbed m a number of ways. Ba.mca.lly, the three
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Fig. 7 .... Water Yapor Equilibrium Curves

isopiestic data for the silica gel-water system at equilibrium
conditions. In this set of curves, silica gel and air teropera-
tures versus percent water in silica gel (dry weight basis)
form the abscissa and oxdmau snd air dew-point tempera-
tures (with the corresp ) are the pa-
rameters. Several important cham.ctenstlm of the adsorbent
are brought out by these curves. For example, note that each
of the curves becomes ssymptotic m '.he X-axis somewhere
between 5 and 6 percent moist t. Thisisso b
under normal t this t of
water, known as residual monshure b3 alwnys present in the
gel."Any attempt to remove it mxlts in a physical change in
the desiccant as well as a reduced adsorptive capacity. The
term uszeful concentration iz used to designate the percent
moisture in the gel above the residual moisture content. The
variation in this useful concentration dunng a test measures
the magmtude o{ adsorptxon or daorpuon since f.he residual
0 "ex-
cessive activation temperatures. It will be noted that at on-
stant air and silica gel the t of
adsorpuon varies directly with the air dew-point temperature,
ie., as the air approaches a saturated condition (dry-bulb
tempembure equal to dew-point temperature), the equilibrium

variables invol and tent of
!-he sir, and pereent water adsorbed on the desiccant. It will
d that the t ture of the air and of the desic-

m.nt are the same at equilibrium conditions. Isotherms, or
lines of constant temperature, result if the amount of water
adsorbed on the desiccant ia plotted versus the vapor pres-
sure of the water at equilibrium. An infinite number of such
curves can be drawn as pmmetaem Isotherms always show
that the amount of vapor adsorb with i

content of the silica gel increascs. If useful concentra-

tion or actual percent water adsorbed on the silica gel were the

ordinate in Fig. 6, all vapor pressure curves would be displaced
downward by approximately 5.5 percent.

A plot' of t.hé v&natlon of the equlhbnum pnssure with

t t of gas ad-

sorbed is m.lled ‘an isostere. Lsostem resemble the vapor pres-

sure curves of liquids. For a given quantity of gas adsérbed

the p! slowly at first, then rapidly wmh tcm—

vapor pressure. If the amount of water adsorbed on  the
desicant is plotted versus temperatun:, an mﬁmhz- number
of curves called either izobars (

perat\u'e Ysosteres are seldom used in practice.
A convenient way of e expmng equlhbnum dat.a is to plot
the of water adsorbed on the desiccant versus rela-

(constant vapor pressure) can be drawn. These curves a.lways
show that when true equilibrium is reached, the volumé ad-
SOrbed ! wm\ ¢. Fig. 6 chows

tive humidity. By combining the variables of tempemhue )
and vapor pressure irito relative humidity, a sinigle curve can,
be plotted to cover a wide range of eondxhons from’0 0 100




