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ABSTRACT 

The .results of this report have shown that lithium hydroxide, 
the present carbon dioxide absorber on submarines, can be used effectively 
for removing chlorine gas resulting from salting of the stora~e batteries. 

The simplest method for removing the chlorine, al though not the 
most effective, is to follow the i nstructions issued by the Bureau of Con­
struction and Repair for removing carbon dioxide with the above material. 
Slight modifications are necessary; the most important is that moisture in 
some form mu.st be present. This is true of its use by any method since it 
is the monohydrate fonn that is the most reactive. While this method will 
remove the greater portion of the chlorine, it will not in any reasonable 
time reduce the concentration to a point where it is safe for personnel. 
This is about 1 part per milliono 

In order to reduce the concentration to such a value, all of the 
contaminated air must make direct contact with the absorbing material in 
some manner. This can be accomplished by passing the contaminated air 
through some form of vessel containing the material. Very efficient ab­
sorption can be obtained in this manner. 

It is estimated that about 75 pounds of this material would 
absorb the chlorine that could be evolved if the air space above the elec­
trolyte in eac..~ of the 120 Exide UL-53 type cells in a submarine such as 
the S-21 were completely flooded with salt water. 

DECLASSIFIED 



INTRODUCTION 

(a) Authorization 

1. This problem was authorized by Bureau of Engineering letter 
S62-4/L5 (6-16-Ds) of 20 June 1939. 

(b) Statement of Problem 

2. 'Ihe purpose of this study was to determine the possibility 
and the methods of using anhydrous lithium hydroxide, the present carbon 
dioxide absorbent for submarine air purification, as a means of removing 
chlorine during an emergency. 

(c) Theoretical Considerations and F.nown Facts Bearing on the Problem 

3. When salt water enters a lead-acid storage battery chlorine 
gas is evolved in an amount depending upon the following factors: the 
quantity entering, the concentration of the acid in the electrolyte, the 
extent of mixing, the condition of the charge, and the temperature. If a 
battery in this condition is charged, chlorine would be generated as long 
as any of the salt remains in the electrolyte. 

4, At the present time the mechanism of these reac t ions is not 
completely known. It is hoped that a more complete picture can be given 
in a future report. Briefly the reactions which are believed to take place 
are as follows. 'Ihe sodium chloride which enters the cell reacts with 
sulfuric acid with the formation of hydrochloric acid as shovm by the 
equation -

The hydrochloric acid fonned will then react with the active material of 
the positive plate, lead dioxide, in the presence of sulfuric acid to form 
free chlorine and lead sulfate according to the following equation -

This free chlorine will escape to the atmosphere, or if it comes in con­
tact with the active material of ~~e negative plate, spongy lead, in the 
presence of sulfuric acid, will react to fonn lead sulfate and hydrochloric 
acid, as follows: 

Cl2 + Pb + H2SO 4 ~ PbSO 4 + 2HC1 

Thus, unless the chlorine liberated escapes to the atmosphere, this cycle 
of reactions will continue until the battery is completely discharged. 
When such a battery is charged, chlorine is liberai.ted at the positive 
plate as long as there are any chloride ions remaining in the electrolyte. 
During this operation some of the liberated chlorine may react with the 
negative plate as described above. If this happens the above cycle will 
be repeated and therefore require a longer time to eliminate all of the 
chloride. 

- 1 -
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5. In order to obtain some idea as to the amount of chlorine 
which could result from the wors t conditions of salting., let us assUIDe 
that this would be the case if the air space above the electrolyte is 
completely filled With salt wate r 10 If all of the chlorine in this 
amount of salt water was liberated in a submarine such as the S-21 with 
120 cells of the F,xide UL-53 type , the resulting concentration would be 
about 3 per cen t at 1 atmosphere pressure and 80°F. For each 100 cubic 
inches of a 4 per cent salt solution there is available a maximum of 
about 0.09 pound of chlori.Tle.. For 120 of the above cHls this would 
give a total of about 110 pounds or 620 cubic feet of chlorine at 1 at­
mosphere pressure and so°F. 

6. The above cal~u.lations are for the worst possible conditions 
as well as for the maximum amount of chlorine that could be evolved if 
the battery is completely flooded. 'Ihe actual rate and am.ou.nt of chlorine 
evolved under such conditions are not known, but are expected to be made 
the object of a report in the near future. 'Ihis study would determine the 
rate at which the chlorine is evolved, as' vrell as the amount., v,nen the 
battery is completely filled with salt water in a completely charged con­
dition and at various rates of charging and discharging. 

7. It is evident that chlorine would be evolved in relatively 
large amounts in very dangerous proportions. The following table which 
was taken from reference (1) gives the only available data on the physio­
logical effects of chlorine: 

Least detectable odor •••••. . . . 3.5 ppm 

Least amount causing intermediate 
irritation to the throat • • • . •. 15 ppm 

Least amount causing coughing. • 30 

Maximum amount allowable for 
prolonged exposure • • . • • • 1 P')ffi 

Maxinrum amount allowable for short 
exposure of 1/2 to 1 hour ••.•• • 4 ppm 

Dangerous for even short e:x--posures. • • 40 to 60 ppm 

Rapidly fatal for short exposure •• •• 1000 ppm 

It can be seen from these data that regardless of the method to be used 
in removing chlorine during an emergency, it must be capable of reducing 
the concentration to about 1 nart per million. 'Ihis means, of course, 
that practically all of the c;ntelll.inated air has to come into direct con-
tact with the absorbi.ng mate rial • 

8. 'Ihe possibility of using lithium hydroxide for tho removal of 
11 acid11 gas was suggested in reference (2) in addition to i ts use ~ a 
carbon dioxide absorbent in submarine air purification. The reaction be­
tween chlorine and lithium hydro}::i.de should go to completion ::_:iroviding 

- 2 -
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contact can be made between them. The reaction is as follows: 

2Li0H + Cl2 ____.,.,. LiCl + LiCl0 + H20 

The lithium hypochlorite under certain condi tions decomposes to form the 
chloride and oxygen . 

2LiC10 ~ 2LiCl + , 02 

These reactions are characteristic of those between any of the alkalies 
and the halogens. Thus any alkali could be used for the removal of 
chlorine if direct physical contact could be made between the two. 

9. Since anhydrous li'thium hydroxide is already available aboard 
the submarine it would be the most logical first choice as an absorbent 
for chlorine. Since the anhydrous form tends to dust in an air stream 
and thereby causes an irritation in the nose and throat, silicated and 
hydrated lithium hydroxide were also used in this study. The silicated 
material prepared, as v..-'ill be described later, reduces the dusting and 
acts as a binder and holds the material. together. The hydrated material. 
does not dust since i t is slightly hydroscopic . This latter form was also 
used because preliminary tests indicated that moisture in some form or other 
was required for efficient absorptione 

10. Theoretically, it requires Oe676 gram of anhydrous lithium 
hydroxide to absorb 1.0 gram of chlorine. It would therefore require about 
0.28 gram of the anhydrous material to absorb the chlorine that could be 
liberated from 1 cubic inch of sea water on the basis of a 4 per cent sodium 
chloride solution. Since the surface of any absorbent is limited both by 
the compounds formed in the reaction and the size of the particles, there is 
necessarily a considerable portion of the material which is not available 
for the reaction and therefore its usefulness will be considerably below 
that predicted from the theory. Nevertheless, since it is highly improbable 
that all of the chlorine in the entering salt water would be liberated, we 
can make an approximate calculation as to the amount of lithium hydroxide 
that would be required to absorb the chlorine that would be liberated from 
120 UL-53 type cells if they were completely flooded by assuming that com­
plete reaction takes place in both cases . Under such conditions it would 
take about 75 pounds of lithium hydroxide, or about 2/3 of a pound of 
lithium hydroxide for each pound of chlorine~ 

EXPF.RDfiENTAL PROCEDURE 

(a) ~terial Used 

11 4 Anhydrous, monohydrate and silicated lithium hydroxide were 
used in these experiments. In addition, two runs were made with lithium 
carbonate. The anhydrous and the monohydrate form were obtained from the 
t~ay'\"rood Chemical -Works. The silicated material was prepared by mixing 
2.1 cc of 0~5 per cent sodium silicate solution with each 10 grams of the 
lithium hydroxide monohydrate used and then drying in an oven either at 
65°c. or 100°c. to constant weight. 

- 3 -
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(b) Descripti~n of Experiments 

12. Three methods of absorbing chlorine by lithium hydroxide 
were studied, the first in which a chlorine in air mixture was contin­
uously passed through a vessel with the absorbent at the bottom; second, 
in which a 0.5 per cent mixture of chlorine in air was introduced into a 
large box with the absorbent placed at the bottom and the concentration 
of the chlorine determined at various intervals of time; and third, in 
which a chlorine in air mixture was passed through the absorbent con­
tained in glass tubes. 

(1) First Method 

13. 'Ihe first method was used in order to determine the possi-
bility of absorbing chlorine which is being continuously formed by placing 
the lithium hydroxide at the bottom of the compartment. Since chlorine 
gas is about t..~ree times as heavy as air, the best position for the ab­
sorbent would be at or near the bottom. 

14& These runs were carried out by passing 1.6 per cent chlorine 
in air mixture through a desiccator with the absorbent placed on a glass 
plate at the bottom. The desiccator was about 12 inches in diameter, 
12 inches high and had a volume of about 8 liters. The chlorine was gen­
erated electrically from a solution of zinc chloride using a carbon rod 
anode and a mercury cathode. 'Ihe air wi. th which this chlorine was mixed 
was either saturated with water vapor or dried as required. The chlorine 
in air mixture was released through a funnel about midway in the desic­
cator, while the exit mixture was removed at the top. The chlorine which 
was not absorbed by the material was determined by passing this exit gas 
through a solution of potassium iodide and titrating the liberated iodine. 

(2) Second Method 

15. The second method was carried out in order to determine the 
rate at which chlorine could be absorbed and to what extent by placing 
the absorbent in the bottom of a closed compartment. This was accomplished 
by placing the lithium hydroxide in shallow pans on tho bottom of a rec­
tangular box of about 100 liters capacity (32 x 44 x 72 cm) and then in­
troducing enough chlorine from a cylinder to bring the concentration up 
to about 0.5 per cent. Samples were removed at various time intervals and 
at different heights by means of a glass tube whose position could be 
raised or lowered. This enabled the concentration of chlorine to be fol­
lowed at various heights during a run. 

(3) Third Method 

16. The third method was studied since the results of the first two 
indicated that while the concentration of chlorine could be r educed at a 
fairly high rate by both, it was impossible to reduce the concent ration 
to a point where it was safe for personneL Thus, in orde r to reduce the 
concentration of chlorine to where it is sa:fe for personnel, all of the 
contaminated air must come into direct contact ~~th the absorbing mat6rial. 
The conditions under which this could be done most effi ci ently were deter-
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mined by passing various percentages of chlorine in air through absorp­
tion tubes containing the different forms of lithium hydroxide. The air 
with which the chlorine was mixed could either be dried or saturated with 
water vapor. 'lhe exit gas was passed through a solution containing 
potassium iodide and starch in o:roer to determine the time at which 
chlorine was first passed by the absorbent. In one run after the break 
occurred, the exit gas was analyzed at various time intervals in the same 
way as used in the first method. The absorption cells were about 1.7 
centimeters in diameter and were usually filled to a depth of about 4 cen-
timeters with the absorbent. · 

DISCUSSION OF DATA AND RESULTS 

(a) First Method 

17. 'lhe first run was made in order to obtain some idea as to 
what could be expected of lithium hydroxide as an absorbent for chlorine 
gas. The results are shown by the curve of run number 1, Plate L 'Ihe 
percentage of chlorine in the original mixture that is not absorbed is 
plotted against time. 

18. The type of material, the amount and the number of equivalents 
of alkali for each run are given in the table below. A flow of 425 cc of 
.?, 1.6 per cent chlorine in air mixture was used in all runs except number 1. 
In this case the per cent of chlorine was 1.5. All runs except nUJ.uber 9 
were made with the gas mixture saturated ,rlth water vapor, in which case 
the gas was dried. 

Wt. in Nao of Equivalents 

Run No. Material Used Grams of Alkali 

1 Lithium hydroxide~ monohydrate 30.0 0.71 

3 Lithium hydroxide, monohydrate 4.2 0.10 

5 Lithium hydroxide, monohydrate 9.0. 0.21 

4 Lithium hydroxide, monohydrate 7.0 0.17 

9 Lithium hydroxide, anhydrous, 
0.17 dry air 4.0 

10 Lithium hydroxide, anhydrous, 
0 ~17 wet air 4.0 

6 Lithium carbonate, anhydrous 11.0 0.30 

7 Lithium carbonate, anhydrous, 
0.30 

+ 10 cc water 11.0 

19. Runs number 3 and 5 were made in addition to num.ber 1 to show 
how the amount of material used effects the rate of absorption of' chlorine. 
For comparison the results of all three runs are shovm on Plate 1. 

- 5 -
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20. Runs number 4, 9 and 10 can be used to compare the absorption 
abili ty of the anhydrous and hydrated material. In addition, the effect 
of a wet and dry gas on the absorption of chlorine by the anhydrous ma­
terial can be shown by the results of runs mun.ber 9 and 10. The results 
of these three runs are given by Flate 2. The same number of equivalents 
of lithium hydroxide were used in each of these runs. 

21. Inasmuch as the product of the reaction between carbon dioxide 
and lithium hydroxide is an alkali and should be capable of absorbing 
chlorine, lithium carbonate was used in runs number 6 and 7. In run 
number 6 the anhydrous material was used and resulted in very little ab­
sorption. In run rn.m1ber 7, 10 cc of water was added to the material used 
in run number 6 and the passage of chlorine continued. The results are 
shown by Plate 3 and as a comparison the -- results of run number 5 are also 
plotted. The numbeI' of equivalents of alkaJ.i used in run number 5 was 
about 2/3 of that used in nu.~ber 6 and 7. 

22. 'Ille resuits of the various r1.ms show that lithium hydroxide 
can be used to remove a considerable portion of the chlorine that i s being 
continuously f ormed by placing the absorbent at or near the bottom of the 
compartment, provided it is not necessary to reduce the concentration below 
about 1000 parts per milli on. 'Ihe results also indi cate that water nn1st 
be present in some form i n order to obtai n the most e fficient absorption 
and that hydrated lithium hydroxide is more efficient than the anhydrous 
material. Lithi um carbonate will absorb chlorine ·when wet but not to the 
extent of an equivalent amount of lithium hydroxide. 

(b) Second Me~hod 

23. The conditi ons under which these runs were made nre given 
below. In all runs enough chlorine was added at the top of the box to 
bring the concentration up to O. 5 per cent, with the exception of run 
number 9, in which case the chlorine was added at the bottom. All samples 
for analysis were taken 1/2- inch above the bottom of the box. In run 
number 9 samples were also taken from a poi nt 12 inches above the bottom. 
Lt the start of each run the box was filled with air from the room. In 
run number 5 water was added to tho anhydrous material ·which was then 
mixed into a paste. In runs number 6, 7, 8 and 9 water was placed on the 
bottom of the box in order to make sure that the gas mixture was saturated 
vrlth water vapor. These rur1s -sere carried out at room temperature, which 
averaged 77°F. In runs number 7 and 8, successive additions of chlorine 
were made after the concentr2.tion had been reduced to c. fairly constant 
lewl. I n each addition the concentration was brought back up to 0. 5 per 
cent. 'Ihe table gives the weight 2nd the type of material used in 0ach 
run., 
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Run 

3 

4 

5 

6 

7 

8 

9 

No. 
Weight 

in Grams 

20 

4 

10 

10 

10 

4 

4 

Number of 
Egui val en ts 

0.48 

0~095 

0. 42 

0 .. 42 

0.42 

0.17 

0.17 

Form of Lithium Hydroxide 
Used 

Monohydrate 

Monohydrate 

Mixture of anhydrous and 
7.5 cc water 

Anhydrous 

Anhydrous 

Anhydrous 

Anhydrous 

24. The results of these runs are given by Plates 4 to 10 with 
the number on each curve indicating the number of the run. In all curves 
the concentration of chlorine was plotted against time. 

25. Pl ate 4 gi ves the results of runs number 3 and 4 and shows the 
effect which the &~ount of material has on the r a te of absorption of 
chlorine by the hydrated l i thium hydroxide . 

26. Plate 5 compares the resul ts of runs number 3, 5 and 6 in order 
to show the relationship be~«een the absorption abili ty of the hydrated and 
anhydrous material in which the latter was wetted by two different methods. 
Approximately equi val ent amounts of lithium hydroxide were used in each of 
these runs. 

27. Plate 6 gives the results of run number 6 and part A of run 
number 8 and illustrates the effect which the amount of material has on 
t.he rate of absorption of chlorine by the anhydrous material. 

28. Plates 7 and 8 gi ve the results of runs number 7 and 8 respec-
t i vely. These curves show the effect of successive additions of chlorine 
to the same batch of material after former additions of chlorine have been 
reduced to a low and fairly constant value. 

29. Plate 9 shows the effect of introducing the chl orine at the 
top and at the bottom of the box by plotting the resul ts of part A of run 
number 8 and part A of run number 9, the other conditions of these bw runs 
being the same. 

JO. 'Ihe two curves of Plate 10 show how the concentration of 
chlorine changes at tvro different heights above t..~e bottom of the box, 
In curve A the samples were taken as in the previous runs, 1/2-inch above 
the bottom, a~d in curve B the samples were taken 12 inches above the bottom. 

31. A blank run was made to determine the distribution of chlorine 
in the box after having been introduced at the top. The usual amount of 
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chlorine was added and at the end of 6 mirrutes the concentration of 
chlorine 1/2-inch from the bottom was 1.29 per cent. 

32. The results of the above runs indicate that moisture in some 
form or other must be present in order for lithium hydroxide to be an 
efficient absorber for chlorine. This may be either in the form of the 
hydrate or water vapor in the case of anhydrous material. The anhydrous 
form under these conditions appears to be slightly more efficient than the 
hydrated material. 

33. The effect of the a.mount of material was as ordinarily would 
be predicted in the case of both the hydrated and anhydrous material. 

34. Just as in the case of the first method, the chlorine cannot 
be completely removed or at l eas t l owered to a few parts per million i n any 
practical time limit by this method. The results indicate that about the 
best that can be expected under the conditions used is to reduce the 
chlorine to around 100 parts per million in one tQ t.vo hours. This of 
course is considerably above a s afe limite 

J5. Wbile lithium hydroxide under these conditions absorbs chlorine 
at a very high rate and with a good efficiency, it nrust not be expected to 
remove all the chlorine since direct contact must be made between the 
chlorine and the material in order for the reaction to take place. There­
fore, in order to reduce the chlorine concentration to a few parts per 
million, all of the contaminated air must come to direct cont2.ct with the 
absorbent. 

( c) Third Method 

.36. The e fficiency of the absorption of chlorine by the various 
forms of lithium hydroxide by this method was determined by placing the 
material in an absorption t ube a..'1.d passing 410 cc of various concentrations 
of chlorine through it per minute. The gas was saturated wi th water vapor 
:in each run. 

37. The data obtained from these runs are given in the table below. 
'Ihe time of break is considered to be the time at which the first trace of 
chlorine is passed by the absorbent. 
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38. The results of runs rmmber 1 to 13 show the efficiency of 
absorption of chlorine by the hydrated material. 'Ihe effect of chlorine 
concentration in the gas can be shown by comparing the average of the ef­
ficiencies in the first nine runs 'W'i. th that of the next four runs; they 
are 28 and 25.6 per cent, respectively. 

39. Runs number 14 to 20, in which the anhydrous form was used, 
show an average efficiency of 4.4 per cent • . The addition of 2.9 cc of 
water to run number 20 apparently had no appreciable effect. In runs 
number 21 to 25, in which the silicated material was used Fith the addi­
tion of water, fairly consistent but low results were obtained with an 
average efficiency of about 8.1 per cento 

40. In runs number 26 to 34 the silicated material rvas dried at 
two different temperatures and then various amounts of water added. The 
results were quite inconsistent, but it can be concluded i n a general way 
that the material which was dried at 65°c. had a higher efficiency than 
that which was dried at 100°c., Roughly, the efficiency of the material 
dried at 65°c. was between 10 and 20 per cent, Ylhile that dri ed at 100°c. 
was less than 10 per cent. 

41. The inconsistent results obtained when water is added to the 
material are probably due to the ununiforrn way in which the material is 
wetted. The water would dissolve out certain portions and thereby leave 
a channel through which the chlorine can pass. In addition, the material 
dried at 100°c. appears to have a glaze on the surface which is not present 
on that dried at 6 5°c • 'lhe glaze would make it difficult to wet the sur-
f ace uniformly and thus probably explain why the material dried at 65°c. 
is more efficient. 

42. It was discovered during the runs in which the hydrated material 
was used that if the tubes were filled and allowed to stand over-night before 
using, the efficiency was considerably decreased. For example, two samples, 
5.4 and 5.3 grams of hydrated material, were placed in absorption tubes and 
allowed to sit over-night. The next day 0.42 per cent chlorine was passed 
through them and the brea..1< came at 28 and 24 minutes, respectively, as com­
pared with about 200 minutes for the same amount of material which was not 
allowed to stand. The results were the same when the 1.46 ) er cent chlorine 
mixture was used. 

43, In order to show how rrru.ch additional absorption takes place 
after the break occurs nm number 9 was continued for some time• 'Ihc exit 
gas was analyzed for chlorine and results are given below and plotted on 
Plate lL 

! 
70 75 80 90 100 110 120 

79 85 87 ----88 
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11 The larger the area of the exposed surface of the absorbent, 
the more e.fficient will be the result. When the length of submergence 
is such as to necessitate carbon dioxide elimination the following steps 
should be taken : 

(a) Remove the mattress covers from the mattresses 
of four lower bunks in the most convenient com­
partment provided with outboard ventilation when 
surfaced. 

(b) Remove mattresses, slit mattress covers and spread 
the covers, single thickness, as smoothly and taut 
as possible over bunk springs. Lash the edges to 
the bunk spring if necessary to keep it taut. 
Remove cover from one of the carbon dioxide absorbent 
containers and pour about one-fourth of the contents 
(approximately 3-1/2 pounds) on each cover. Spread 
the chemical as evenly as possible over the mattress 
covers. In pouring the chemical from the container 
and in spreading it on the mattress covers, care 
should be taken not to agitate it any more than 
necessary. It is caustic and the dust will cause 
throat irritation. The irritation, however, is 
only temporary and while in many instances, coughing 
and sneezing may be induced, t.h.e effects are not 
ha:rm.ful and will soon be alleviated. vThen spreading 
the absorbent care should be taken to prevent its 
contact with any cuts or abrasions that may be on 
the hands. Do not rub the eyes after handling before 
the hands have been thoroughly washed. If it is ac­
cidentally gotten in the eyes painful, not dangerous, 
symptoms will occur. Such may be relieved by washing 
the eyes with a solution of 1 part vinegar or lemon 
juice and 6 parts of water or by careful washing with 
a quantity of fresh or salt water. Do not spread the 
chemical with the hands. Use a stick or other means. 
After spreading stir gently once each hour. 11 

50, This method of course would not reduce foe chlorine to a 
concentration that is safe for personnel, as can be seen from the results 
of the first two methods of this report. Any means of producing addi­
tional circulation of the contaminated air in a closed compartment in 
which the material is scattered would increase the rate of absorption 
as well as loner the final concentration. If power was available., this 
could be done by a blower or a fan. In the case where power was not 
available, consideration should be given to providing a hand-powered blower 
similar to that suggested by reference (2). 

51. While the methods suggested above would certainly reduce the 
danger of chlorine to a large extent, consideration should be given to 
methods by which t.he danger could be almost completely removed~ Such 
methods of course would depend upon whether or not the possible chances 
of such a danger would justify additional equipment and expense required. 
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