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MEASURING THE EQUILIBRIUM PRESSURE OF SUPPORTED 
AND UNSUPPORTED ADSORBENTS 

C. W. CH 11 

Insi'itute oj Ga s T echnology, Chicago, Ill. 60016 

D. T. WASAN 

llli1lois Institute oj Techn%gy, Chicago, Ill. 60616 

A simple experimental technique for measuring the equilibrium (vapor) pressures of unsupported (lnd 

supported adsorbents was employed to determine the vapor pressure data for the lithium chloride-water­

Torvex system at 32° c., for impregnation of 3% anhydrous salt by weight, and for the lithium chloride­

water system at several temperatures. 

AN ATTEMPT was made to select and de\'elop a simp~e 
technique to measure low vapor pressure of hygroscopw 

salts accurately for both supported and ~:nsupported adsorbent 
systems. 

The static method was used. The hydrate and slIpporter 
were placed in a sample flask and the system was allowed to 
reach equilibrium. The vapor prcssure was measured by a 
cathetometer and the composition determined by measuring 
the displacements of a calibrated spring. 

A schematic diagram of the apparatus is shown in Figure 1. 
The apparatus consists of a sample tube housing a spring 
holder, a calibrated spring with a hook, and a sample block; 
an isothermal bath (Bailey In -trument Co., ::\Iodcl 136) 
capable of maintaining the temperature within ±0.01° C. 
between _100 and 1500 C. ; manometers; a vacuum pump 
with a trap; and a cathetometer. 

Apparatus and Procedure 

Determination of Equilibrium Pressure of Supported 
Hygroscopic Salls. The ~ystell1, lit hillll1 chloride impreg­
nated on a solid Sllpportrr (Ton'ex), was cho.'5l'n for the 
inve .. tigution bC'cullse lithiulll chloride i" widely u~C'd commrr­
cin.lly in dryin~; il: potential applit.:ation ill air conditioning; 
hits bren rrcognizrd; alld it." desirable pro(lC'rtir:; illt.:ludc it 

high (!I'~'ing mte, hil!,h moisture capacity, hi~h l'Oiciellcy, easy 
J'cgellerability, chemital slabilit.y, alldlow J'C'lnti\'e humiclil~·. 

1 Present addr' s, W. lC Grace Co., Clflrksvillc, Md. 
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Torvex, produced in alumina and mullile compositions, was 
selected for its large peripheral surface area, low resistance to 
flow, and inertness to chemicals. 

First. the spring constants \\'erc 'determined for \\'eight 
ranges of interest at. various lemperatures. Then a cylindrical 
Ton'ex block 2 inches in diameter and 1 inch in length \\'as 
preconditioned in an o\'en at. 3000 F. for 12 hours or ~norc, 
weighed, and dipped into the lithium chloride salt solutIOn. 

The sample block \I'as hooked to the calibrated sp ring inside 
the sample tube. The t.ube was immersed in the isotherlllal 
bath at a specified temperature aud COllnected to the system. 
The spring cli:;placemenls ancl the vapor pressures \\'ere 
measurrd wilh the cathelometer after enough t.ime was 
allo\l'ed for the system to attain equilibrium. Then the 
s\'stem was evaC'uated from 3 seconds to se\'eral hours to 
r~duce the adsorbate cOlltellt in the adsorbent. Because the 
e\'aporation of moi.' Lure cools the block and because of the 
poor heat transfcr in the 100\'-pressure system, sel'eral hours 
were generally required for tbe ystem to equilibrate ther­
mally. The proress may be repeated at di l'Ierent isothermal 
bath trmperatures ane! for other sample;; \rith var~'ing degrres 
of salt impregllation . The accuraeieH of the reported meas­
nrcments arc: t'empcrature ('ontrol ±O.OI 0 C., "apor pressu re 
reading ± O.Ol mm. of waler, and \\'eighL ±O.l mp;. 

The vapor presslIl'e data. thu.'5 ohlailled for the lithium 
ehloride-\\'ll, lcr- Torvex syslem as a funr-li on of the water 
COllccntrntion in lithium ~hloricle at 320 C. \rith salt impl'eg­
nat ion of a% allhydrolls lith illm ch{oride by weip;ht arc i\howll 
in Figure 2. This figure COlllpnrcs the \'apor pressure of Lhe 
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Figure 1. Static equilibrium apparatus 
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Figure 2. Vapor pressure-composi tion diagram for LiCl 

impregnated on Torvex 

Temperature 32° C. 

Sa lt impregnation 3.0 weight % liel 

- Umupported 

o Supported on Torvex 

lithium chloride-\vuter-Torvex system with that of an un­
supported system-lithium chloride-water alone. Ton-ex 
does not change the vapor pressure. 

Determinat ion of Equilibrium Pressure of Unsupported 
Hygroscopic Salts. The s:\Inple flask is first dried in the 
oven, cooled, gre'ased, and weighed accurately. About 2 (0 5 
grams of lithium chloride salt i:; introduced into the flask. 
Depending upon the region in whirh the vapor pre5sures are 
to be measured, an estimated amount of water is added to the 
salt with a syringe. 

After the whole systcm, exclud ing the sample flask, is 
evacuated, the lithium chloride-water is deaerated by repeated 
heating and freezing oi the sample, then connected to the 
manometer for measuremenli.; of \-apor pressure. The read­
ings arc taken whell steady state is reached . 

The temperature of thc bath is rai;;ed or lowered to the 
next desired level without further evacuation. AileI' all the 
measurements are taken at \'arious temperatures, the' sample 
flask is taken out, cleaned, and weip:hed. The s3-lt ill the 
fl ask and the solution is titrated to find the mole fraction of 
lithium ch loride. 
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Figure 3. Vapor pressure-temperalure diagram 

for LiCI-H20 system 

The variation of the vapor pressure with the temperature 
for the li th ium chloride sa lt is shown in Figure 3. This figure 
shows the aqueous prcssure of monohydrate in equi librium 
with the allhydrous salt and \yith the saturated solution. 
These dat:1 lie on a straight line on a log P - l/T plot in 
accordance wit.h the familiar Clausius-Clapeyron equation. 

Figure 3 compares the present data for the lithium chloride 
salt with the data available in the li terature. The authors' 
data for the equilibrium between the anhydroufl salt and 
monohydrate agree well with thosc of Slonim and Huttig 
(1929). Present data corresponding to the equil ibrium 
bet\\'Ccn the monohydrate and the 'uturated solution show 
good agrcement with those of Foote (11)65). :\Iany other 
investigators ha\'e abo reported the \'apor pressure duta of 
satura.ted solutions. At high temperatures, Gokcen's dat:1 
(1951), measured wilh a dynamic method, do not agree with 
the present data n.s \yell as \vitll those of Foote. Thifl is not 
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surpnslllg bec::l.Ilse, gcncrally, data mcasured by dynamic 
methods arc high('!' t.han those dctcnnincd hy static mcthods. 

The yaluc:; for the heat of adsorption and the entropy of 
lithium ch loride ~alt fot' Lhe tl'llJlsitioll from anhydrous to 
monohydrate were calculated as detailed by Thakker ct al. 
(1967, 1968). The hcat of adsorption of LiCl·1l 20 given by 
Slonim and J[uttig as 1465 B.t.u. pCI' pound of Imler agrccd 
wit.h our calcul:ttcd value of 1490. The calculated cntropy 
change was 6.:361 13 . t.u. ]leI' pound of water per de!-';rce Ran­
kine. The calculated free energy change was 1924 D.t.u. 
pel' pound of water. 

Conclusions 

The vapor pressure:; of several hygroscop ic salts were meas­
ured using the method described. An experimental method 
for the determination of the tr!msiLion ]loint for the hydrates 
has also been established. These and other details arc given 
by Thakker ct al. (1968) and Chi (196S). 
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D E T E R MIN A T ION 0 F THE M I C R 0 S COP I C SUR f ACE AREA 
POLYETHYLENE FILM 

OF 

RUTH SELA, CHIYA EDEN, AND HANS FEllCHENFELD 

Department of Physical Chemistry, The Hebrew University oj Jerusalem, Jernsalem, Israel 

An apparatus for measuring the surface area of plastic f1Im by the krypton adsorption method has been 

developed. The surface area of a polyethylene film was measured and its roughness factor shown to 

be about unity. 

IN CONNECTION with the reactions on the surface of 
polymeric material, we were interested to know the micro­

scopic surface area of a polyethylene film. It is known that 
the microscopic surface area of solids may be considerably 
larger than that calculated from their macroscopic dimensions; 
t.he ratio of tlte microscopic 1,0 the macroscopic surface is 
termed the roughness faetor. Since polyethylene can be 
looked UPOJI as a very viseaus liquid, the roughness factor 
\\'as expected to be not much greater than unity. The prob­
lem was therefore to determine the mieroscopie surface area 
of a substance with a very low specific surface area. 

For this plll'pose Deebe, Beckwith, and Honig have sug­
gested (1945) determining the 13ET ad orption isotherms 
with krypton at 78° K. (boiling point of nitrogen). In the 
usual experimental arrangement the adsorption vessel is 
connected through a capillary tube with the pressure gage at 
room temperature. The vessel i.' immersed up to a mark Oll 

t.he capillary tube in boiling nitrogen. In that case the 
volumes at 78° K. and room temperature arc sufficiently well 
defined. Such an arrangement is suitable for powders which 
can be introduced through the capillary tube. As poly­
ethylene film could not be introduced in such a way, it was 
necessary to use a relatively wide tube to connect the cold and 
warm secLions; this had the further advantage of avoiding 
pressure drops due to thermaltran viralion (Knudsen effect). 
On the other hand, a special method had to be developed to 
reduee the uncertainty in defining tile cold and warm zones. 
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Procedure 

The adsorption vessel used (Figure 1) was about 10 mm. 
in diameter and 150 mm. long; at its upper end it was con­
nected through a eonical ground joint to a storage vessel, 
a vacuum line, and a Pi rani vacuum gage. A measured 
amount of polyethylene film was el'Umpled and introclllccJ 
into the lower portion, A, of the adsorption vessel. Adhesion 
to the wall was avoided by a small number of protrusions. 

Two thermocouples, Band C, were glued I"ith epox')' 
resin to the outer wall above the lower portion of the ad­
sorption vessel, at a vertical distance of 4 mm . from each 
other. Over the upper thermocouple, C, a heating wire 
was wound and connected to a variable power source, D. 
A vacuum flask with liquid nitrogen was jacked up until 
the surface of the boiling nitrogen reached the upper thermo­
couple and the current through the heating wire was ad­
just{)d until the upper thermocouple showed roOIO tempera­
tw-e. The nitrogen level was kept such that the lower 
thermocouple indicated the boiling point of nitrogen. The 
surface, E, bisecting the distance between the two thermo­
couples was taken as the dividing line between the volume 
at 78° and 300° K. (thermostated room temperature). 
The volumes were determined in the usual way by weighing 
with water. 

Results 

Before determining the surface area of polyethylene film, 
the apparatus was tried out on 'Y-aIUlnina powder. The sur-
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