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ABSTRACT

This report discusses experiments on the characteristics
of magnesium chloride as a dehmidifying agent :or submarines
and compares its characteristics with those of other drying
agents. From consideration of the five factors -

The weight efficiency

Cost

Commercial availability

Rate of removal of water

Possible corrosive and other deleterious
effects,

oo o

as applied to calcium chloride, lithium chloride, magnesium
chloride, and some mixtures of these, recommnendations are
made as -to the particular drying agent to use in specific
applications. For example, where high weight efficiency is
required, lithium chloride is recommnended; for low cost,
calcium chloride is best.



HMgCly 71%

Mg0 10%
Ho0 (by difi Ference) 19%
M2 - MgClg.6Hs0 was heated in & vacuum at 100°C. for nine hours.
Analysis gave:
MgClB 59%
MgO nil
Ho0 (by difference) 41%

M4 - One part of MgCls.6HoO wus heated with 1- 1/2 parts NH
in a stream of dry HCl until ull of the NH4Cl had sub%lmed.

The temperature was then increased until Lnﬁ product
melted. Analysis gave:

MgCly 98.5%
Mg0 . 35%
HoO (by differeace) 1.1%

A fourth sample of anhydrous magnesium chloride was obtained
from the Dow Chemical Co. of Midland, Michigen, und analyzed as
follows:

MgClg 95.5%
MgO 1.2%
HoO (by difference) 3.3%

It was in the form of flakes.

8. Samples of mixtures of magnesium chloride with
calcium chleoride and lithium chloride were also made.

MCl - Twenty grams of anhydrous CaClg werc mixed with eighty-
seven grams of MgCle.B8H20 and sufficient water was added

to dissolve the two. The mixture was then heated to 152°C.,
and on cooling solidified to & hard mass. It was not
analyzed but probably contained about 40% water.

MC2 - One hundred grems of CaCls (anhydrous) were mixed with
75 grams of MMgCly.6Ho0 and sufficlent water was added to
dissolve the two. This is the proportion of the salts
present in techydrite. The solution wus then neuted to
150°, Loss of weight indicated that the residue contained
20% water.

MC2A - The preceding sample was further dehydrated under vacuum
at 1000C. It was not anulyzed.

MC3 ~ Fifty grams CaClo were mixed with 105 grums MgCls.6HS0
and sufficient water wuas added to dissolve the mixture.
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anhydrous lithium chluride and the lithium chloride being
in turn compared with calcium chloride. In every other case
the comparison with caleium chleride is direct.

. Plates 1, 2, 3, 5 und 6 sh.w curves comparing
various samples of magnesium chloride with granular calcium
chloride. Aside from samples il snd M2 which were quite impure,
the magnesium chloride was alweys better than caleium chloride
buth in rite of abscorpticn of wvater and in weight efficiency.
With the impure sample M1, the initial rate was quite high
compared with that ©f calcium chloride, but the weight
efficicncy was definitely lower. The sample M2 was inferior
to calcium chioride in all respects, and will n. t be considered
further. At room temperature the initial rate .f absurption
of water by magnesium chloride was ab-ut 20 to 40% greater
than the correspranding rate for colecium chliride, and the weight
efficiency at equilibrium was zppr-ximately 25% higher. These
figures are approximutely correct for all of the relative
hunidities investigated.

1. At 1 w temperatures (302 to 40°F.) magnesium
chleoride is definitcly supericr t3 calcium chlopide in so far
as the rate of absorption is cencerned. This is plainly shewn
in Plates 1 and 5, where the rate <f abssrpticn by magnesium
chloride is nearly twice that of calcium chleoride. It should
also be ncoted that this high rate f abserption is maintained
cver o lecng range I ths abscrbing perid, especially in the
case of the purer magnesium chl-ride (Platc 55.

13. In generul, the mixtures of magnesium chloride
and caleium chloride are infericr to calecium chluride, the
only pr.ssible exception being MC4. This latter mixture is a
fairly pure mixture .f the chlorides. An examinuti-n >f the
curve for this desiccaint (Plate 6) shows the ratce of abscrption
is definitely inferisr t> thuat of calicium chloride, but that
the weight efficiency is slizghtly higher (10%). Bowever, this
slightly greater weight eifficiency is mare than »ffset by the
very slow initial rate, and the c.nsiderably higher ccst »f
the mixture. None <f the other mixtures of magnesium chloride
and calcium chloride are woerth ccnsidering.

14. Plates 6, 7 and 8 shiw the results obtained with
mixtures ~f lithium chloride and magnesiun chleride. The
curves oun Plate 6 show that the pure megnesium chloride has
a higher initiul rate thun the lithium chlaride 1r the mixture
IMl. This is due to the physicael states -.f the substances,
the magnesium chisride being granulur, while the thers were
in the fHorm ~f smzll lumps. H:wever, in the middle stages of
abs »rptizn the mixturc L¥l was definitely a faster abs-rbent
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than either magnesium chloride or lithium chloride. The final
weight efficiency of the mixture, however, was somewhat lower
than tiat of lithium chloride. The slow initial rates of all
of these substunces as compared with calcium chloride is

agein due to their physical stutes. The calcium chloride used
as o comparison agent was in the rorm of smuzll grunules,
exposing 2 large surfuce to tie moisture in the air. Plate 7
agein compares LM1 and litl:ium chloride with granular calcium
chloride, and the results are very similar.

15 Plate 8 compares the other mixtures of lithium
chloride and magnesium chloride with pure lithium chloride,
but none of them are as fust or as efficient us the mixture
of LMl. As may be seen from the curves, their rates of ab-
sorption are only 60% to 80% that of pure lithium chloride,
and their weight efficiences ure 50% to 85% that of lithium
chiloride. The weight of absorption of the best of these
other mixtures (LHE) is 25% to 40% lower than the rate of LMl
or about the same =s that of pure megnesium chloride. In
view of this, and teking into considerution the high prices
of these mixtures (LM2, LM3 cnd LM4) they are not worth con-
sidering as drying ugents.

CONCLUSIONS AND RECOuMENDATIONS

16. In concluding thic report and making recommenda-
tions, severszl factors must be berne in mind which will first
be listed.

a) Weight efficiency of drying ugent.

b) Cost per pound of removing water.

¢) Rate of removai of water.

fd Corrosive action of desiccant or of its solution.

The particular problem at hand will determine which of these
factors is the most important. Thus, where the maximum weight
allowed is limited, the weight efficiency may be more important
than the cost of removing water. In certain cases it may be
necessary to remove the water rapidly and again cost may be a
minor factor. Table 1 lists the weight efficiencies and costs
per pound of removing water for the better drying agents at

one typical temperature and initizl relative humidity.

1%, Calcium chloride normally sclls for about two
to three cents a pound, and if the desired relative humidity
is not less thun 30% this price comparces favorubly, or 1is
considerably lower than that of quicklime under the most
favorzble conditions. In a later report certain disadvantages
of quicklime will be shown, which raise its cost of water
removal appreciably. In so fur as cost is concerned, calcium
chloride is superior to all of the other drying agents studied.

B
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