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ABSTRACT

In order to asceriain the suitability of various substonces for
dehumidifying the air of submarines or other closed spaces, measurcments
will be found in this report on the amount of water absorbed by calcium
chloride, lithium chloride, and mixtures of calcium chloride with
other chlorides.

Values of the quantities of water absorbed at equillbrium are
given for various desiccants.

The rates of absorption of water by calcium chloride and lithiwm
caloride are given.

The datz in this report show that both calcium chloride and
lithium chloride are effective drying ezgents, and that there is no
adventage to be gained by using mixtures of celcium chloride with other
chlorides.



INTRODUCTION

(&) Authorization

1. This problem wus authorized by Buresu of Engineecring letter
NP1 {5-6-98) of 12 July 1935.

Statement of Problem

T
o
-

2 The purpose of this investigation is to determine the
characteristics of chemical drying sgents to be used for the dehumidifi-
cation of air in closed spaces. Only solid drying agents were investi-
gated, altbough in all cases solutions were formed by ebsorption of
water [rom the eir. The economics, weight, safety, and ease of regenera-
tion will be discussed in the next report. The rates of absorption and
final equilibrium values of the ratio of weight of water zbsorbed to
welght of desiccant, were investizated. The experimentel work coveraed
in this report deals with calcium chloride, lithium chloride, snd mixtures
of calecium chloride with other metallic chlorides.

(cj HXnovm Facts Bearine on the Problem

3. It is knowvm that solids or solutions will absorb water from
alr i the vapor pressure of water above the substance in question is
lower than the partial pressure of water vapor in the air.

4.  Vapor pressure data of solutions of all of the commoner
drying agents exist in the literzture.* From these data, the weight
of desiccant in forming a solution which will be in equilibrium with the
weter vepor in the eir at a given relative humidity can be calculated.
Thie 1s done by plotting the change in vapor pressurs with the concen-
tration of the solution at a given temperature, and reading the concen-
trution from the curve, which corresponds to the vapor pressure of water

he air. The ratio of weight of water absorbsd to weigat of drying

]
¥ B
(o j

cgent for a given relative humidity is very nearly independent of tempera—
ture, &8 can be seen from the results of Table 1.

* International Critical Tebles, Vol. III, page 294 et zec.



TABLE 1
RATIO0 OF WATER TO D

T T A T T
EsLCCANT*

Substance

Aluminum Chloride

Calecium Chloride

Ferrous Chloride

Lithium Chloride

Yagnesium Chloride

liagnesium Nitrate
Mengenous Chloride

Potassium Carbonate

Potassium Hydroxide
Potassium Nitrite

Potessium Phosphate
(monobasic)

Potassium Thiocyanate
Potassium Thiosulphate
Sodium Cerbonate
Sodium Chromate

Sodium Hydroxide
Sodium Nitrite

Sodium Thiocyanate

Zinc Chloride

4.0
3.4
3.3
3«2
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2.3
1.4

100
0
40
70
100
40
60
30
40
50
100
100

30
40

100

106G
40
100
20
100
20
100

100
100

Og. 0% R.H. ©°C.
2.6 100 2.3%% 100
R, 0 1.6 0
2.9 40 Yok 40
] 70 Tl 70
1.8 100
3.4 0
A2 40 2.13%%
%2 60
L8 30
2.5 40 1. %%
2.5 50
1.2 30 0.8%¢ 30
1.9 L0 0.9%% /0
5.4 20 1.6 2
0.6 100
0.5%% 100
3.0 20 29 20
1.0 100
1.3 100 0.8%* 100
0.9 100 0.7%%  24.6

0.73%%  29.6
0.5%% 100

* International Critical Tsbles, Vol. ILL, p. 29 et seq.

*# Extrapolated.
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5. From Table 1 it is appzrent that the only substances which will
ebsorb more water per unit weight than celcium chloride are: sluminum
chloride, lithium chloride, magnesium chloride, potassium hydroxide, and
sodiun hydroxide. Aluminum chloride has properties which render it of
little use as a drying agent. In contéct with water it hydrolyzes to &
grzat extent liberating frritating hydrochloric acid gas according to
the following equation:

AlCl3 + 3H0 = Al(OH)3 + 3HCL

Both sodium and potassium hydroxide present disagreeable features. The
concentrated solutions are quite cuustic, and can severely burn the skin.
The substances also absorb carbon dioxide forming carbonates which are
greatly inferior drying agents and which impair the effectiveness of the
hydroxide. For these rezsons no experimentsl work was carried out on
aluninum chlioride, sodium hydroxide, or potassium hydroxide. The experi-
mental work wes thus limited to calcium chloride, lithium chloride,
mognecium chloride and various mixtures. The resultis on magnesium
chloride will appear in another report.

(d) Original Work at this Laboratory.

6. The rates at which water is zbsorbed under various conditions
were determined for calelum chloride, lithium chloride, and mixtures of
caicium chloride with several other chlorides. This was accomplished
by placing the drying agent in & closed chamber (desiccator) in wiich &
certein relative humidity was maintained by means of water or saturzted
salt solutions. Rates were measured at the following relative humiditiecs:

100% (water)

78% (saturated zmmonium chloride)
60% (seaturated cmmonium nitrate)
42% (saturated potassium carbonate)

The rates of absorption were also determined at various temperatures.

METHODS AND DATA OBTAINED

(2) Preparation of Materials.

7. Lithium Chloride.

L-2. Lithium chloride was partly dehydrated by long continued
heating in a porcelain vessel. On anelysis for chloride
ion, by Mohr's method, this substance was found to zon-
tain 97-99% LiCl. The hydrolysis was very slight, the
amount of LiOH being less then 0.1%.

L-3. The above lithium chloride was fused by heating it well
above its melting point. It was enalyzed for LiOH,
which wag found to be 0.11%.



8.

Calcium Chleoride.

C-1. This was a commercial product in flake form analyzing
97.3% CaCl,. It was slightly elkaline.
C-2. This was prepured in this Laborafory by evaporating
solutions to drynese and brezking the resulting czke
into small lumps. The frothy material on the surface
was scraped off and discarded. The product analyzed
as follows:
CaCl, 96. 5%
Ce0 0.16%
Ho0 (difference) 3%
¢-3. The above calcium chloride (C-2) was fused by heating
it above its melting point. The substance was not
analyzed.
9. Mixtures. The following mixtures were investigated:
Components
A B %B Remarks
Calcium Chloride Aluminum Chloride 10 Mixed mechaniecally in dry
state and heated slightly.

" . intimony Trichloride 10 tto

» " Barium Chloride 10 Fused to clear liquid.

" m Beryllium Chloride 10 Added solution of B to
solid 4, heated slightly.
Hydrolysis occurred with
evolution of some HCIL.

B i Cadmium Chloride 10 . Fused to liquid.

" Calecium Bromide 10 i I 4

L i Chromic Chloride 10 " " "

o 3 Chromous Chloride 10 Kixed in solid stite.
Heated slightly. Some
oxidation occurred.

" " Covelt Chloride 10 Fused to liquid.

" o Cupric Chloride 10 “ o B

¥ 0 Ferric Chloride 10 Heated togethier in selid

state. Some oxidation
occurred.

—t—



(Continued)

Components
L B %B Remarks
Celcium Chloride  Ferrous Chloride 10 Hezted together in solid
state. Some oxidation
occurred.
n B Lithiun Chloride 10 Fuged to liguid.
i W Lithium Chloride 50 n h L
n L Mangenous Chloride 10 " n n
L " Nickel Chloride 10 " n "
i n Potassium Chloride 10 n " n
n 4 Sodiun Chloride 10 i " n
n n Strontium Chloride 10 I g o
3 " Zinc Chloride 10 iiixed in solid state. Heated
glightly. Some hydroiysis
occurred.

(b) Description of Experiments.

10. The absorption values given for calcium chloride and lithimm
chloride were checked experimentally in this Laboratory at & relative
humidity of 78%. This was done by placing solutions of different concen-
trations in & closed vessel over saturated smmonium chloride zolution. This
latter solution has a vapor prescure equivaient approximately to a 78%
relative hunidity at room temperature. The solutlons of lithium chloride
had tae following values for the ratio of water to anhydrous salt: 5.30,
5.26, 5.10, and 5.06. For celciunm chloride the same ratios were: 3.50,
3.40, 3.29, &and 3,20. All of thesce solutions lost weight and by plotting
the loss of weight of water sguinst the rutlo, the straight line so
obtuined iantercepted the chenge of weight exis at 5.02 for lithium chloride
end &t 3.11 for calcium chloride, thus checkiag the values in the litercture
within the limits of experimental error.

11. The same experiment wzs carried out in the case of a fused mix-
ture consisting of 50% caleium chloride &nd 50% lithium chloride. In
this caze the results indizated that st 78% relstive humidity the ratio
of water absorbed to weiznt of drying agent was 4.0. The aversge value
for lithium chloride and calcium chloride is 4.07, indicating that in the
fused mixture the two sslts behave independeatly of each other.

12. The rate of absorption is dependent on a great many factors,
and to eliminate these s much s possible, only comperison velues were
used. Calcium chloride, in sbout the same state of subdivision, was always
placed in the closed vessel with the other drying agent to be iavestigated,
Even these comparison values could not be reproduced to better then zbout
10%, so smzll effects were 1gnored.
o



TLBLE 2

RATE OF ABSORPTION OF WATER
He Ratio \
\\\uzo/caclg\
o
Substance  Compared Rels :
(%) with Temp. HumidoN | .2 | sl

55
| ‘
: |
i
i
i
i

LiCL CaCl Room 100 1.35/1.28{1.30{1.71{2.1712.09 2.00/1.88 |1.77{1.68(1.59/1.541.51/1.56/ 1.6
(L-2) (gran.) | ; | | | |

Ratio H0 / Ho0
X Ga012

.8 | 1.0 1.2} Lod| Yab| 148

2.6 3.8! Pinal
Value
i (Equi-

| librium)

.6

n
o
N
o
N

~

|
|
|
!

!

]
|

]
|
| i
I !
! 1]
| ]

|
LiCl CaCl Room 42 ;1.2551.2011.57; L | A T R I -
(L-2) (gran.) | ! | | . = | : ! | =
i i i

| ; | 5 i | E i i ! i
LiCl CaCl Roon 60 11.10{1.23(1.25/1.86/1.96 1.76/1.60/1.53 ] ; i 1.6
(1~2) (gran.) P | L | L | |
5 | ! ! i | é | ? | ; '
LiCl CaCl Room 78 1.1011.43 1.41i2,06:2.091.90'1.73/1.621.53|1.50] | ; | 1.6
(12 (gran.) T - | |
| % | ' ; E 5 i | i |
LiCl CaCl 4°C. 80 1.52§1.53§1.60§1.61il.??;l.?ﬁj g \ ; ! | ; . { L6
(L-2) (gran.) g = % ! ? ; : ' i ' ! | é
T T T T T U A I N
LiCL CaCl 4°C. 80 1.151,2011.18/1.13/1.11 [1.12{1.21 ! | | Tub

(he2) (gran.) ' | . | | | | E | | é i

LiCl CaCl 38°c. 78 1.17]1.20/1.22{1.20 1.21?1.25;1.2651.30%1.34i1.36!1.3951.37

1.36 | 1.6
(L-2) (gren. ) | , | i | ;

| - | L | | | i f :
LiCl CaCl 24°C. 78 o025 L5 07 1,93 1020 [1:03(1.20 1422 (1.26/1.9012:33] | | | 16
(L-2) (gran.) | | i ' ; ; | | 5 | ; ; '
- - S I B |
LiCl CaCl Hoom 78 52.6552.85.2.73 A 2.28;2.06 1.88 1.7 | ! i i | i b
(L-3) (fused} | | ! i

o~

| | : i | i i



TLBLE 2 (Continued)

\ FRatio k Ratio H,0 H,0
qu/06012 s / Gacis
Substance Compared Rel\ G I .lr; | .6 | .8 10 Ls2 l.L'; 1-6 1.8 ! 2.0 2:2 2./.4, 2.6 B-S?Finﬂl
(X) with  Temp. Humid)\ I | | ' Value

? ' ! (Equi-

? librium)
LiC1-CaCly CaCl Room 78 12.95 2.88 | 2.63 | 2.30{2.00|1.78{1.60!1.46 | 1.3

50% {fused) 2 ! J | i

| | -
Ca0Lo CeCl Room 78 11.611.4L | 1.33 | 1.28 1.24(1.20|1.16/1.06 | 1.0%
hnCl? 10% (fused) | f |
CaCly -  CaCl Room 78 1.67!1.50 | 1.40 | 1,32 1.28{1.24/1.18/1.07 |
CoCls 10%  (fused) | | | g ! !
CaCl, -  CaCl  Room 78 1.17/1.13 | 1.10 | 1.09/1.08/1.06/1.04[1.02 |1.01 | | 1.0%
A1C13 10%  (gram.) i | | A | ,

i | | ! ; !
Call, -  CaCl Room 78 1.14(1.29 | 1.23 ] 1.26/1.11 1.07/1.04/1.00 0.97 g
bbClB 10% (gran.) ' i . | [ ' ‘ I l

: | ; . | i
CaCly - CaCl Room 78 10.96:0.99 | 1.00 | 1.00 1.00|1. oo 1.00/0.98 0.94 | i
BeCly 107 (gran.) 3 ’ E i - i ’

; : | g
CaCl, - CaCl Room 78 0.6810.62 | 0.6 ! 0.69:0.75 0.7, 0, 79|0 84 {0.91 |
CrC15 103  (grem.) | | | | ! | i |
Call, ~  0aCl Roon 78 1.02 1.04 | 1.04 | 1.04 1.04|1.03|1. 01/0.99 0.96 |
FeCl 3 10% (gr'c;n, } : | , : i | , :
CaCly - CaCl Roon 78 1.03°0.99 | 0.97 | 0.97 0.98}1.0951.00%0.98?0.98; | 0.95%
FeCl2 10%  (gran.) ; i ' | | ! ! | |
CeCl, ~ CsCl Room 78 1.03 1.07 | 1.13 1.06 1.04/0.98 0.92 0.870.82 | | 0.95%

|
ZnCls 10%  {gran.) ! : 7 i { | | i | E
i | | i i : | I !



TLBLE Z {(Continued)

Ratio X Ratio Hx0 , Hg0
Substance  Compured Rels | w2 | & | o8 | 8 | 28] 28] LA] 1.B] 1.8 2.0 2.2 2.4 2.6 38 hinal
(X) with Temp. Hu:nidx . ‘ ! Faiais
A | | s
, { : | librium)
1 T T
LiCl~ 10% (fused) ' | I !
! ! f 5 . !‘ ;
CaCls, - CaCl Roon 78 1 0.90/ 0.93] 0.94/ 0.9410.94 0.930.931 0.9410.94
BaCl, 10%  (fueed) I | | i | ; i'
Cally ~  CROL Roon 78 11.11'1.12/1.09!1.071.04/1.02|1.01| 1.00/0.98 |
CrCl; 10%  (fused) : I | r
| i ' | i ; !
Celly - CaCl Roon 78 10.99/1.03 1.01/1.001.00/1.01/1.00 0.9850.96i
CdCly 10%  (fused) = | o g i ! ; | | !
! | ﬁ '_ | | i ‘ 5
CaCly - CaCl Roon 78 /1,00 1.001.00 1.0011.00'1.00 1.00{1.00
CuCl, 10%  (fused) : ! :{ | '
; ! | ! : : ! !
Cally - CaCl Roonl 78 E0.94;0.96}O.97i0.98;0.98;0.9810.9850.975
NiCl, 10%  (fused) ; f i : ! 1 ! i
4 I i | H | | 1
0aCl, Cacl Roon 78 11,33 1.23] 1211111 | L3 {1 0911080 1.50
KC1 = 10%  (fused) ! | f | ' .
Gl s = CaCl Room 78 0.98 1.00 0.98,0.98 0.9810.97]0.96 0.93
NaCl® 10%  (fusecd) | | | | | | | |
Call, - CeCl Room 78 0.92/0.92 0.9010.89 0.890.890.880.88
5rCl; 107 (fused) . .
CaCl, - Call Room 78 1.14 1.11/1.10]1.10 1.10/1.08 1.061.02
CeBry 107 (fused) : ! , | i i | i i :
| | I i )



TABLE 2 (Continued)

\ Ratio \ Ratio H,0 Ho0
\Hg0/Cally 2 CaCl,
Substence Compered Rel \ - = = : : s
i - 4 Temp. Humid,. 2 | wh | .| o8B | 10| 12| Lok [1:6 1.8 B0 2.8 2.4 2.6 3B 51?3@
‘ | (Bqui-
| | librium)
CaCl, - CaCl Room 78 0.60(0.59|0,60!0.64|0.70 {0.78|0.86 1.0
(fused) (gran.) ! | i
CaCl, - CaCl Room 78 1.23i1.4o{1.48L1.5o 1.481.45(1.42 1.3
LiC1™ 50% (gran.) | ': | ;
b b e o |
CaCl, - CaCl Room 78 1.,1211.16{1.19 1.22(3.24 [1.24]1.24 | 1.1%
LiCl 10% (gra.n. ) | i | } i
I i } ! |
CoCl7 10% (gren.) | : l | '
0ally - CaCl Room 78 ;0.73l0.70|0.70'0.73=0.78|0.8A 0.91 | 1.0%
MnCl, 10% (gran.) i ' ? : i

1 | | | | | | |

#* Calculated value.



13. The results show that in the solid state the rate of water
sbsorption is approximately constant, snd in the case of the solutions the
rate fells off, such that the ratio of weight of water sbsorbed to weight
of desiccaent approaches the equilibrium velue csymtoticaliy. Table 2
gives values of the comparison of the vorious desiccants with celceium
chloride. The figures give the ratios of tae water absorbed per unit
welght of celeium chloride et verlous intervals. Due to the many uncon-
trolied fzectors influencing the time-rate of absorption values, these
values are given at varlous lncrements in the quantity of the amount of
water absorbed by the calcium chloride used as a comparison standard,
rather thon at various time intervals. The last column gives the value
of the retios after equilibrium hes been rezched. This table shows thot
the rate of ebsorption of water by lithium chloride is considerably
faster than the rate of absorption by calcium chloride, especielly in the
preliminary stages of absorption. Compuring the two substances in the
fused state, the rate of absorption by lithium chloride is two to three
times that of calcium chloride.

14. In the case of the mixtursgs of calcium chloride and other
chlorides, the initial rate is sometimes raised somewhat, but after the
solid has dissolved in the zbsorbed water the rate drops off rupidly,
epprocching the equilibrium velue. A few of the substences investigeted
lowered the rate of absorption appreciebly. This was especiully true
‘in the case of barium chloride, strontium chloride, &nd chromous chloride.
The chromous chloride used had oxidized somewhat and the chromic oxide or
oxychloride mey heve formed a film on the surfeace of the celeium chloride,
decrecsing the rate of sbsorption. None of the mixtures investigoted
werranted further study except thoce conteining lithium chioride.

15. The mixture of celcium chloride with lithium chloride con-
toining 50% by weight of each constituent, proved to have &n initiel rute
sbout &s great as thet of pure lithium chloride. (In the one experiment
tried the initiel rate was considertbly greater.) However, this rate
soon fell off =nd epproached & velue sbout equidistent between thet of
culeium chloride and lithium chloride. Solutions contuining verying
concentreations of this equiweight mixture were placed in & closed vegsel
sbove saturated ammonium chloride solution, and the final equilibrium
velue wee obtained as previously mentioned. This value was 4.0, the
same ss the aversge of the velues for caleium chloride and 1lithiunm
chloride. The saturated solution of the mixture was slso investigited.
It wae enslyzed by eveporating & known weight to dryness, fusing, weigh-
ing the residue, @nd determining the chloride ion by Hohr's method. The
following results were obtained:

L3O 0.65 mole

CaCl,, 5.9 mole per 100 grems of water

The solubility of each of the pure salis in water is:

LiCl 1.85 moles per 100 gramz of water
CaClp 0.65 moles per 100 grems of water

~10-



The common ion effect in the mixture thus lowers the solubility of lithiun
chloride considerszbly. The vapor pressure of the ssturated soluticn of the
mixture was then compared with thet of & scturated solution of lithium
chloride, by placing the two solutions in small cruecibles in en empty, dry
closed vecsel. Weater distillec from the solution of the mixture to the
solution of lithium chloride, indicating thet the latter had the lower
vepor pressure. In 49 hours there had been & transfer of about .15 gram
of water, snd &g the weighings were made to an &ccuracy of .00l gram, the
effect wae much larger than the probable error. The only possilble
edventege to be gained in using an equiweight mixture of caleium chloride
and lithivm chloride is & high initiel rate of ebeorption which, however
rapidly fells below that of pure lithium chloride. Aside from this very
clight effect the mixture behavez &5 though the two components were
independent.

. This latter effect holds true in the case of &all of the mixtures
investigated, &s is apperent from the change in rate as the absorption
progresses. In every ccse the rate of abforpt;on epprocches & value

vhich would be predicted by & considerction of the eguilibrium values

of the two components, concldering that no inter-action tekes plece on
mixing them. Usuglly there is & slight increese in the initiel rate of
abzorption, but this effect is relatively emall. In view of these fucts,
there is no advantsge in the use of mixturce of calcium chloride with
other chloricdes, over the use of pure ctlcium chloride or pure lithium
chloride.

(b)(1) Effect of Varvins Humidity on Absorbing Power of Desiccants.

17. TWeighed semples of calcium chloride end 1lithium chloride were
placed in containers, gbove solutions of ammonium chloride, ammonium
nitrate, and potassium carbonate, and were welghed et time intervels
to study the rate of asbsorption of water. As long as soild desiczeant was
present, the rate of absorption chould be proportionsl to the vupor

presgure of water because the conceantration of caleium chloride would
remain constant. This prOV&d to be the case &s the following results
indizate. The weight of water absorbed per gram of drying agent was
plotted against the time, and the slope of the resulting straight line
ad for each humidity. The rete of cbsorption was asouned to

Wags @meaiur £ %

be given by eguations of the type AR = Kp, where _A R 1is the rate,
At At

K is & constant, and p is the pressure. The constent wes determined by

substituting the rate of ezbsorption at 78% relative humidity in the

equation, assuming & veapor pressure of 20 cms. Tor satursted gir. The

ceiouleated retes at the other humidities were then compasred with the

nessured rates. The egquation for lithium chloride is:

= 0.0005%6 p
_AR = 0.000391 p

o
X

able 3 gives the comparisons.



TAELE 3

Lithium Chloride ( & R/a t = 0.000596 pj

Relative humidity 7E 50 L2
Seturcted selt
solution ucsed fmmonium Chlorice ‘Ammoniue Hiirste Pobteseiwm Curbonate
Vepor pressure
of water 15.6 cms. 12.0 cms. 8.L ems.

AR/A t(observed) 0.0093 0.0070 0.0050

AR/ A t{caleulated) 0.0092 0.0071 0.0050

Calcium Chloride ( A R/A t = 0.000391 p)

Relative humidity 78 60 42

satureted salt

solution used Ammonium Chlorice fmmeonivm Nitrete Pota Carbonste
15.6 cms. 12.0 cms. 3.4 cms.
AR/ A t{observed) 0.0061 0.0054 $.003
AR/ A t{caleulzted) 0.0061 0.0047 0.0033

The values of the constants in the sbove equations have no physical ei
cerice and would very from one determination to znother because the rate
cbeorption is dependent on meny fectors besides the 7Lpor pressure of wat
liowever, the rcsults conclusively show that the speed of drying would deerease
proportionately with the relative humidity in the case of the solids.

18. In the czse of the solutions formed, the rate of absorption should
be proportional to the product of the veapor pressure of wster znd the con-
centration of caleium chleoride or lithium chioride in solubtion, thut is -

AR/ At = Ky (HBo0) (Lici)

|-

£ obtained nere show the proportionality of the rete of absorp--

ith the concentration of the desicecunt, but sufficient measurements
were not made to @ccurately determine the relationship in the ceoce of water
vepor preceure for the solutions. If the vapor pressure of water ic con-
stent, we can vwwite -

AR/ At =K (LiCl) + K,, or AR/A ¢ = K, (CaCly) + Ky, where



AR/ A t is the raute of absorption of water, (LiCl) is the concentration
cof lithium chloride, {OaClz) ig the concentration of calcium chloride end

Kl end K2 ere constints. K2 will not have the value zero in thiz cuse

~o

beczuse the rate of absorption approcches zero at some finite concentre—
tion of dissolved salit; thet is where the vapor pressure of water in the
gir iz in equilibrium with the salt zcolution. The constents in the zbove
equations were determined from the experimentel dats, and &re as follows:

For lithium chloride AR/A 1t

0.1043 (LiCl) -0.02.46

For ealcium chloride AR/ At =0.04245 (CaClz) -0.0107

In both cazses the water vepor pressure was constent end hed a value of
about 15.6 cms.

19. Table 4 shows the &greement between the measured velues and the
velues caleulated from the cbove eqguations.

TABLE
Lithiun Chloride Celcium Chloride

AN AT AR AT ARIAE AR/ AL
(LiCl) (observed) (czlculated) (CaCls) (observed) (calculated)
0.476 0.025 0.025% 0.476 0.0091 0.0095
).435 0.025 0,021 0.435 0.0080 0.0078
G.400 0.018 0.017 0.400 0.0071 0.0063
0.370 0.015 0.014 0.370 0.0044 0.0050
0.333 0.011 0.010
0.313 0.008 0.008%

* Points used in determining the constente of the equation.

Yhile in the czse of the solid the reate of eabsorption wes consiant for a
given relative humidity, in the cese of the liquid the rate fell off

as weter wes ebsorbed due to the diluticn of the desiceant in the result-
ing solution. This is showvm in Plates 1 and 2.

(b)(2) Effect of Verying Temperazture on Rate of fLbsorption.

20. Experiments were carried out at three different tempcratures to
deternive the varistion in the rate of absorption with temperature. The
enhydrous caleium chloride end lithium chloride were placed in closed
vecgels above saturated emmonium chloricde solutions, and the vessels were
then put in & refrigerator or thernosteated beth. The temperatures used
were epproximately 3°C., 25°C., and 38°C. At the low temperature the
weter avsorbed by celcium chloride formc the hexehydrate which freezes
golid, end no solution is formed until the desiccant has plcked up &
weight of water sbout equal to itself. At these temperatures the reates
of cbeorption had & negligible temperature coefficient, and the rate
of sbsorption for the solid czlcium chloride hexchydrate at 3°C. was the
seme ug would be precdicted for the saturzted solution. Table 5 shows

5



e - -, the varietion of the rate of cbsorption with tempereture. The czlculated

4 vélues were determined by azssuming thet the temperciure coefficient wes
zero and thet the change in rate was proportional to the change in vapor
pressure of the water.

TABLE 5
Lithium Chloride - Raute AHS0/A t

. _ 25°¢. 259¢. 37.8°C. 37.8°C.

' Ho0/LiC1 3°C. (observed} (czleculcted) (observed} (caleulated)
0.1 0.0077 0.029 0.031 0.07 0.06

1 Q.2 0.0C7.4 0.029 0.021 C.07 0.06

] 2 E 0.0071 0.029 0.029 007 0.06
0.6 0.0069 0.029 0.028 0.07 0.06
0.8 0.0056 0.025 0.023 Q.05 0.05
1.0 0.0059 0.022 0.024 0.05 G.Q5
X2 0.0063 0.022 0.025 0.05 0.05
Lol 0.0063 0.022 0.0z5 0.05 0.05
1.6 0.0063 0.018 0.025 0.0% 0.05
1.8 0.0063 0.018 0.025 0.Gs 0.05
2.0 0.0061 0.018 0.025 0.0 G.05
25 0.013 0.03 0.03%
5.0 0.008 0.02 0.02%

Calcium Chloride - Rete A Hp0/A t
25%¢. 259, 27.8°¢, .87,
Ho0/CaCly 3°c. (observed) (calculzted] (observed) ({calculeted)

0.1 0.0057  0.025 0.023 0.050 0.045
.2 0.0057 0.022 0.023 0.044 0.045
G4 0.0061 0.025 0.025 0.044 0.0.8
8.6 0.0059 0.020 0.024 0.044 C.047
0.8 0.0056 c.018 €.023 0.044 0.045
3.0 0.0051 0.018 0.021 0.0/.0 0.041

3 3.2 0.0042 0.017 0.017 G.033 0.033

: Lad 0.0030 0.012 0.012 0.G33 Q.02

' 1.6 0.011 0.025 0.022%
1.8 0.010 0.020 0.020%
2.0 0.008 0.018 0.016%
Zui 0.005 0.013 0. 010

In determining the calculuted veclues, the following pressures were used
for water veapor:

Temperature Preccure
2oy o c -
3.0 46
25.0 18.6
37.8 36.6

ik




The figures marked with an asterisk were determined by mult1PIV1ng tne
observed results at 25°C. by the re tlo 36.6/18.6, &nd &ll others by
multiplying the observed results &t 3°C. by the ratio 3u.6/4.q.

CONCLUSICHS AND RECOMLIENDATIONS

21. Thne data included in this report indicate that lithium chloride
is superior to calcium chloride as a dehumidifying agent, both from the
point of view of rapidity of absorption of waler and we;ght el ficiency.
However, due to the high price of 1lithium chloride, the cost of removing
water is many times greater in the case of lithium chloride then in the

cazse of calciun chloride. These two substances will be compared with
magznesium chloride in a later report and definite recommendations will
be mede at that time.

rate of _urorgtlou of water or the smount of water absorbed at equilibrium.
The rate of ebsorption of water by the former is approximately twice

that of calecium chloride under similar conditions, and the final equilib-
rium vzlue is 1.6 times as great for lithium chloride as for celcium
chloride. There is no advantzge to be gained by using mixture of

calcium chloride with other chlorides.

25



APPENDIX I

The following tables give all the measurements made in this
Leboratory on calecium chloride, lithium chloride, znd mixtures. The
letter (5) following & figure indicutes that the desiceant was in the
solid state, and while it may have been moist, no solution had yet
run off of the particies. When no letter follows the fizure the
desiccant wes in the form of & solid and solution. The letter (L)
following « figure indicates that the drying azeat was completely in
soiution.
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GaClg-MnC.l.g LG% + "1 | o ol 38 | =<35 | L.l JI I

|
|
o T VP N— . S e S Jren E—

i
| | = : S
i : s | L5 73 94 188 332.5 502 _hrs.
M | 11/18 | CaCla(fused) . 78 iToom [ .R06 | .362 | 477 | $745 [ 1.22 "} 1,91L"
Date
of Reiative Teupersa- T Bl .
Seriec Stert® OSubstance  Humidity ture fatio R0/ Destconnt
! _| ] |
! ; | ; 5 4 69 93 7 L 165 261 285 hrs.
A ‘ 8/25 | LiGL(L-2) 100% | Room | .06058| .795 11.118 |1.45L | 1.74L ] 1.98LT 2.69L | 2.84L
: | - B = i e I M Y SERCE—
| | | | g m o> e e e e
B | 8/27 | Licl(L-2) | 100 ! Room i 538 | 1,05 [2.13L | 3.6/L | 3.89L] 6.1/% ;
| | CaClp(gran.)| 100 | Room | .428 i L708] .99 | 2.36L | 2.56L| 3.94L %
g o -I : _____ S i - s
i | | | B WL B T
C | 9/5 |LiC(l-2) | 42 | Hoom | L0985 | .318] L4158 |.535 | «65 279 | 1.31 | 1.64L]
i ' CaCly(gran.) | 42 Room | ,088 ] «305) 378 | 458 | .528 | 588 648 | 725
- " L . i sEammliovma i mreseea e g B | - o
! ? i ? 22.5 94,5 118 14e  Jee gy 262 334 hrs.
D . 9/5 | LiCl(L-2) | 60 | Room | L1558 | .67S |.85 11.32 1.70L [1.91L |2.24L [2.46L |
| ' CaCls(gren.)i 60 | Room | .158 i .568 |.668 | 778 | .885 [1.035 |1.37L [1.64L
e I S SRS o/ H_mr__.“___,_ S __,.______ A g | Y e RSB USRS | (RSSO e O [ SO, E—— SO T
| s' | D25 94 117.5 141.5 165.5 189.5 261.5 333.5 hrs.
E | 9/5 |Lica(L-2) | 78 | Room | .198 i .86 11.37 [£a 7 | 2.04L| 2.28L | 2.64L1] 2.92L
; | CaCly(gran.)) 78 | Room | 178 | .618 | .708 | .848 .99si Lied [ 3.700. 3908
ISR JPSSE-UES:. SOE, . SO - | w0 M| NN FUPA F— - I
| ; ; | | 25 96 120.5 147  167.5 196.5 268.5 290 /460 hrs.
F . 9/12 | LiCI(L-R) | 80 |  4°C. | <1425 | .485 | .60 |.72 82 | .96 | 1.41L| 1.53L 2.221,
‘ | CaClp(gran.), 80 | AP0, | 0978 1 <325 | 4398 | 468 | 528 i .608 ‘ 865 | .918|1.24
R P samilii e eSS I S B e i b Kttt e S o
| g | S BL Gk WD iS5 911 hew
G 9f24 | LiC1(1-2) | &0 | 390, i .0505 1.1748 | .35 [.53 |.98 | 1.96L]
| CaClg{gran.); 80 | 3%, | .04S f.lsos 295 | .465 | .88S | La )
| | (100°F.) 4.5  20.5 44.5 72 145.5 hrs.
B 9/24 | LiCL(L-2) | 78 | ‘37.8%C., 270 J1.19 2.30L{ 3,05L | 3.71L|
| CaCls(gran.)| 78 | " . .230 | .98 Lo 731 2.200 | 2.7&LJ
| | o] | (7R | 19 4 141 169 hws.
I 110/1 | Lici(L-2) ! 78 | 23.9°%C. | .60 |1.27L |2.77L | 3.02L | i
; l G&Clg{gran.)i 78 1 % - 11,05 j: 10L | 2 25L | '
SR - N T e A e N e bl o nee dl e T [ —— ol e s e o A e e



(Continued)

Date
of Rel. o .
Series St&rt"!.; Subgtance Humid. Temp. Ratlo 5 0/Desiccant
| | Ve gk JTAs YRR 3oy sy PR BED I8 hes
J 121/13 | Lic1(1L~-3) {78 Room | 1258 . 290 642 .955 1.185 11.37L | 1.690L | 2.32L | 2.770L
CaClp(fused) 78 a 0678 1275 2328 | 331 422 . 50 +625 | 1.03 | 1.62L
LiC1-CaClp 50% | 78 " 1378 <3428 .700 .987 | 1.193 |1.35L | 1.61L | 2.04L | 2.36L
CaCl —MnClg 10% | 78 " .0888 190 . 367 481 <591 .68 A2 | 187 | 172k
CaClp-C&Glz 10% | 7¢ " 0848 .188 | .385 511 629 72 87 | L3280 | 1s 73L
E— TR s § _—
X 11/13 CaCla(gran.) 78 | Room | .084 1918 4018 . 5728 .7008 | .808 948 | 1oL | e 7AL
. 0e.C1p-A1C1 3 1061 78 | " 0998 <2248 4508 | 6278 | 766 | .87s 11.025 | 1.41 | 1.76L
| CaClp-ShCly 10% | 78 | v . 0895 2178 4798 7058 | 835 83 11,05 | 1.410 | 1,890
| CaClo-BeCl, 10% | 78 | @ L0798 18565 . 3988 . 5798 . 704 .81 9L | la25 | hebdL
! CaCl,-CrCls 10% | 78 " -0598 1298 L2495 . 3668 469 .55 69 | 1.09 | 1.59L
| CaCls-FeCl 10% 78 i . 0868 .1958 4168 . 6029 L7308 | .838 978 | 1.37 ] 1.69L
CaCly-FeCly 10% | 78 " .0875 1938 | .3928 5518 e T JEE | 918 | 103 | 1730
CaClz—ZnGlz 10% | 78 "o .0825 | L1965 | 4268 | L6388 | .757 | .85 | .985 | 1.26L i Lo d/TL
{ 2445 48 307.5 hrs.
L 112/10 | CeCls(fused) 78 Room | .112 .196 1.109
CaClo(gran.) 78 n .189 .332 1.340
| GdClz-LlCl 50% | 78 n .230 449 | 1.911
| CaClo-LiCl 10% | 78 " 212 381 | 1.664
CaClo-CaCly 10% | 78 t o141 <259 | 1.251
| CaCly-MnCl, 10% | 78 " .138 233 | 1.194
[ .r
¢ | 45 73 94 188 332.5 502 hrs.
M 111/18 | CaClp(fused) 78 | Room | .206 .362 AT? oles | 1i22 T 1.91%
! Callp-LiCl 10% | 78 L +253L 451 .605 S5 | 1.55L | 2.11L
i CaCls-BaCls 10% | 78 i .185 «235 450 699 | 1.14L | 1.79L
; 0eClo~CrCls 10% | 78 t L2285 L06 .529 796 1.25 1.831
! CaCln-CdCls 10% | 78 f . 204 372 . 486 755 | 1.23 | 1.B3C
N |11/18 CaCly(fused) 78 L <466 629 1.018 | 1.69 | 2.23L
} J_CaCl2—Cu012 10% | 78 " .258 A T2 .630 1:0%0 | L.67L |20




_p_.

(Continued}
Lete

of Rel. : |
Series Sturts  Substence Bunid. Temp. ABvEa HzO/DeSJ.chnt
I | |
| | | | | 45 73 94 188 3325 502 hre.
0 ‘11/18 | CaCls(fuged) | 78 Room |.153 | .282 378 [ .64 ] 1.00 | 1.55L
|cacis-NiCl, 107 78 | * [.143 | .268 | .364 | .594 |  .98L 1.51L
| CuClo-KClL ~ 10%| 78 | = |.169 | .321 433 l .68, | 1.12 1.56L
(CaClp-NeCL 10% 78 | " 1.049 | .28l 376 | .0l | .9 1.46L
|CeClo-SrCly 10%| 78 " 1116 | .265 | .347 | .553 | .89 1.36L
| 0aCl-CeBr, 1o%i 76 | " 1768 | .:8 | 2 | L6720 | 1.0 1.59L
| | ! | | ] |
1 | o | S I S— i- . -
#* 1925
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