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ABSTRACT

This report is a study of the performanc. of Salccnine
in controlling ths oxygen content in a 4000 c¢.:.ft. ehamboyr.
Salcomine 1s a regenerative chelate possessin: the advi.isy
to absorb oxygen reversibly.

With an initial 77 oxygen atmosphere, da:a is raportiad
on runs with approximats flow rates of 3, 2 a1 1 efm throagh
the absorbing unit under pressures of 100, 75. 50 and 40 psig.
From the above runs the optimun operating cor:itions appeared
to be 100 psi, with a eirculat rate of 2 ¢fn, A fetr ccrim
parative runs were made with a 5 and 107 oxyg:n atmosphere
at these optimum conditions.

Based on the optimum operating conditiocn: zni on absorp.
tion capadity of 135 oxygen by weight, a uni’ wa: designed
in conjunction with Mark A for maintaining a '~ o:ygen aSrios-
here, over a period of 60 - % days, with a ‘ontinnous air
eak of 0.1 efm into the specified chanmber.

-
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INTRODUCTION

A. Authordization

This pro%ggt was authorized by the task order of Con-
tract NS

B. Statemont of the Prohlem

A program was proposed to determine the optimmm operat-
ing conditlions when us Salcomine to control th: oxygen
contont in a 4000 cu.fi., chambere The data was U> be used
to dosign a unit to meet Uark A conditionc,

Lnotm Fagits bes RPF OF N8 rroplen

It has been found(1l) that the hagards arising from sod-
iun fires can be minimized if tho atmosphore over the sodium
i3 loss than 7% oxygen. To maintain a low oxygen atmosphere,
it was decided to use a regenerative system in which oxygen
is absorbed a granular solid chemical, and thea regenera-
ted in a eycllical process.

Tho absorbonts, which are metallic ggalates, possess

the ability to absordb oxygen reversibly( They are struce-
turally similar and can be reopresented by the formla

CHaN-CH -cM -N=CN

—-— o -0 —o0 —
e :

vwhero R is hydrogen in the case of Saleomins, a mathoxy
group (CH,~O-) in the case of methomine, and an ethoxy group
(Cila.Cll,=0) in the ocase of ethomins. Thesc absorbents are
o solids which can readily be caked or granulated.

The chenicals absorb oxygen to the extent of three to

four weight per cent from air at atmosphoric or higher prose .

sures and room temperature, On heating to temporatures vary-
ing from 130° %o 200°F., the compounds release, or desorb,
the oxygen. The desorp%ion is usually carried out under
vacuun to minimize the destructive oxidation of the chemical,

A
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The additional amount of oxygen that can be absorbed per
unit of chenmical per cycle decroasos as saturation is approach-
ed. In use tho absorption poriod is usually terminated at 70
ner cent of saturation,

A detailed discussion follows on Salcomine which was the
absorbant selected for maintaining a low oxygen contant in
the ahamber,

D. [Literature Regegrch on Salconing

Salcomine is a maroon-colored mieroerystalline material
which is somevhat soluble in pyridia chloroform and benzene
as rarorted by Diehl and Co-workers ’. The material, in a
dry state, absorbs oxygen, tur from maroon to bla¢k in
color. The deoxygena form of material is paramagnetic,
the oxygenated form diamagnetiec., Tha compound is quite toxies
inhalation of the finely divided dust should be avoided,

Saleomine will absorb oxygen reversibly and nitric oxide
and nitrogen dioxide irreversibly. carbo? gonoadde, nitrous
oxide and sulfur dioxide are not absorbed!3), Pure carbon
dioxids at atmospheric pressure and room temperzture dai not
appreciably affect the absorbing capacity of Salcomins‘4/,

The absorption of gen 18 a reversible procoss with a
hcage do.f' reaction of 18,5 kilocalories/gu.mol of oxygen abe
sor .

It has been shown Diehl and Co-workers, that Salcomine
is a binnclear compound vhich a molecule of water acts as
a bridging group (+r=-Aquo) between two cobalt atoms, each of
vhich 1s surrounded by the quadridentate, cholating molzsule
of the Schiff base, This material has the unique proper
of reversibly absorbd and releasing oxygen, The addition
of the oxygen is thought to take place by the formation of a
geroxo grouap, vhich makes a second br betweean tho two co-

alt atoms and £ills tho sixth coordination position of each
eochalt atom, Thus, one oxygon moleocule is absorbed for each
tvwo cobalt atoms, corresponding to a gain in weight of 4,79

POr centva/,

General rules are that the oxygen be absorbed at rela-
tively low temggraturas (50~ ) and increased pressures.
Rogoneration should be carr t at approximately 200

or Ol atmo:gl;eric pressure( « The Salcomine should be

naintained at regencration oratures as short a tinme

gs p%:sg‘lie, and should be cooled before the absorbing cycle
S stuar ™
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Adverse offects on the efficiency and lifc of Sé&ééﬁi@g

aro producod by oily oi girty air, water vapor, ammonia, and

ultra violet »adiation(6 o The materials vhieﬁ are absorbed

Irrevorsibly also decrsase the officlency of the chenical. |

Bxeessivoly oily or dirty air will affoet the life of the |

eholate in continucis operaticn althcugh there is no harmful i

effect for short exmosurc times. Viater vapor will be edb=- |

gorbed by Salcomine but 1s removed in the desorption cycle, ‘

If the dew point of tho atmosphere is higher than the de- |

sorption tenperature the condi9iation of water has a delet-

erlous effoct on the chemical‘?’/, Tater vapor in the de-

sorption atmosphare has only a slight eatalytic offect on

the rate of chemical deterioration, but the anount of active

;;;eonine for oxygen absorntion can be loworcd by as nuch as

Pe

Although a number of factors contribute to deterioration
of the chelatas, the most important seems to be an irrevers-
ible oxidation by molecular oxygen. Llidero-photographic stud-
133 showed tho fracture of crystals into smaller fragments

reenation. The Saleomine will fall to eggroximately
lency after 1500 cycles of regenoration‘</,

E. Program

A program vwas propogsed to datermine tho engineering de-
sign factors for a unit to operate under the following condie
lons submittad by 7 and EB.

d
7?% e fgti

1. Tho gas from the cooler (feed to oxyzen absorvers)
at 70°F,

2, PFresh water at 1809F available up to 3 GPL for the
desorption cyele,

3¢ Chilled water nt 50°F avrilable up to 3 GPY ror
the absorption cycle.

Vith an initial 77 oxygen contoni in the chamber, the
range of varliables was outlined to determine the optimum
crerating conditions.

Inlet Prossure Circulating late
psi CFM (frooc alr)
100 2,1

75 2:5,2,1

50 32,1

30 32,1
3=

e
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After detormining the optimum conditions, a few tests
were proposed with a 5 and 10% oxygen atmosphere in the
chamber., The ragg: of the M5\ oxygen indicater (0-10% oxygen)
was used to set 1limit of the oxygen content in the feed
gas,

METHODS

A. Apparatus

Three standard shell and tube heat exchangers (Figures
1 and 3) were packed with Salcomine in the tunes to dapths
of 22, 15 and 10 inches, containing 9.2, 6.4 and 4.2 pounds
of Saicomino rasvactively. The Salecomine was made in our
own laboratory. Water was circulated through the shell slde
for temporature contrcl of the bed. 4 compresscr circulated
the atmosphere of the chamber through each of the three units
(Figures 2 and 4)., The MSA oxygen indicator (renge C - 10%)
was used for oxygen analyses, the instrument being checked
with an Orsat analysis during initial runs.

Bs [Procedurc and Opergtlon

After chocking the entire system for lears, the chamber
was evacuated to approximately 10 inches of m:rcury (AB3S) and
£illed with nitrogen to obtain an approximate 7% oxygen at-
mosphere. Thareaftsr, a slight pressure was ‘tept in the chame
ber by introdacing ni%rogen vwhen needed throughout tha test
program,

The test program was started after the initiasl ectivation
of the chemical., The average absorptior was carried out for
60 minutes with inlet air and cooling water i-mperatures of
ap:roximately 79°P and 50°F respectively. The inlet and out-
let gas temperatures, pressure and flow were recorded with
the water temperature and flow. The inlet oxvgen was analyzed
at the beginning and end of each run, while the exit gas streanm
was sampled continuously and recordud every 5 minutes.

A1l regenerations were carried out at apvroximately 160°F,
unde>» 3 inches mercury pressure (ABS) and the Salcomine was
ecooled to about 50°F before the absorbing cycle was started.
The time necessary for regenaration was about 15 minutes,
which was checked by installing a wet gas reter on the exhsust
and measuring the flov of gas during desorpticn, The flow
rate of the ccoling and heating water was approximately 3 GPM.

-u'lq
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DISCUSSION OF DATA

Tables I, II and IXII show the summarized data of the
thres Salcomire absorbers, The maximum absorption was about
1.5%, as compared to the valus of 4,03% obtained in the lab-
oratory with 1007 oxygen at 40 psi pressure. All runs were
made to nearly complete oxygenation and runs 3a and 25 (Fig-
ure 5) were carried cut uatil the exit and inlet oxygen con-
tent were 2lmost equal. At the end of the runs the total
absorption was approximately 1.4% at tha higher pressure and
1,05 at the lower pressure.

There have been several suggested causes for the low
capacity of the Saloomine as compared with the capacity ob-
talned the laboratory under ideal conditions. One sugges-
tion was that during the short period of pressurizing the ab-
sorber enough oxygen was absorbed the Salcomine to indicate
8 low capacity. This is not true, ver, since less than 1%
of tha total volume of gas passing through the Salcomine has
gone through during the gressure build-up. A second suggested
cause, and the one thought to be most valid, is that due to
the method used for packing the Salcomine in the tubes, all
the tubes may not be used, There is no reason to believe that
the Salcomine is not completely regenerated, this could also
be a cause, The only availabdble pressure equilibrium data is
at sero and 25°C and is shown in Figure 6.

A typical absorption curve of emch unit is illustrated
in Figure 7, taken from the seccnd run on each unit. From
the data, it appears that the pressure has a decided effect
on the rate of absorption and total oxygonation,

It also appears that tho bed depth is not a controlling
factor in this experiment, The optinmum operating conditions,
from Table I, appear to be as follows.

Gas pressure 100 psig
Circulating Rate 2 CFu
Cycle Time 14 Hrs.(absorption and desorption)

&t these operating conditions, s few runs were made with
an initial § and 10% ox{gen. As would be expnzted, the ab-
orgglg? rate varies with the initial oxygen content (Figures
a s

DESIGN UNIT

Based on the optimum operating conditions and unit {1
with a 1.3% absorption capacity, a new Salcomine unit was

5o
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designed under conditions proposed by KAPL,

1. Maintain a 5% gen atmosphere with 0.1 CFM air
leakage to the ber.

2, 60-90 day 1ife on the Salcomine,

The unit is rectangular in shape, 15-5/8 in, x 11 in.
x 8-5/8 in,, and 1s capable of holding approximately 10 1lb.
of Salcomine. Based on the experimental data the unit should
readily handle the leak operating with 16 ecyeles/Asy with 1
hour absorption and § hour for desorption,

The Salccmine will be packed on the shellside with water
flowing through the tubes for temperature control of the hed.
This method of packing may yield a better efficiency of the
Salcomine, Four unions will permit the unit to be raplaced
readily. (Figure 10).

FUTURS RESEARCH

MSA will undertake the proof testing of the new Salecomine
unit along with a Baker unit supplied by KAPL., This latter
unit is a catalytic unit which removes the oxygen as carbcn
dioxide burning diesel fuel over a catalytic bed at ap-
proximately 840°P, The carbon dioxide is then removed with
a water scrubber and the sir, primarily nitrogen, is returned
to the chamber.

The conditions of the test will approximate liark A condi-
tions as nearly as possible., The chamber will be used and
fitted with a metered "leak". Data will include the time to
reduce the oxygen from 7% to 5% and the effect of hunidity.

 Any additional tests required can be Gotermined later.

TGN

|

-



IYRSOR S-SR v AR -

YA IRNACPT v

1.

24

3.

4,

e
6.

7.

8.

AR

i
. cod i
. IRV AT

BIBLIOGRAPHY

Mangold, F. L., and Tidball, R, A., "Sodium Fire Stud-
ies", M.S5.4, Technical Report XIV {Contract N9onr-85801,
Aprii 23, 1952).

Martell and Calvin, "Chemistry of the Metal Chelate Come
pounds®, Cahp. VIII, Prentico-Hall, Inc., New York 1952,

Dishl and Co-Workers, "Studies on Oxygan-Carrying Cobalt
Compounds”, Iowa state College, Ames Iowa (1946).

Gilliand, B, R., "Investigation of Oxygen Sypply", to
May 31 1 52 losrd Report 613) Off, Pub., BD., Report

Von Berg, R. L., Report of Consulting Services to MSA,
Pebruary 15, 1952,

Field, E,, Bell, C. D., and s Jo Vo E., "Salcomine
a8 an A?'zorbent for Separating Atmospheric gen" (OSED
Report 1616). Off, Pub, BD., Report PB 9388, 1943,

Geis T, A,, "Salcomine”, (Osrd Report ) off.
Pub.agg?: Repor'; PBaaggg’ 19‘5. y port 5937

Wheeler, T. L. and Fogler, B., Report Card No. 3359,
A.D. Little Ins., Cambridge, Lass., 1-3-44 oms%-z e

- e
:, "\ri
s LA

L 8 AR

-3



. v e AR

NI v

o T
it IVFORMATION
RESULTS

JABLE 1

ABSORPTION
Unit #1

22 in, Bed - 9.2 1lb. Salcomine

U\-N.guimw
ONVNONONCN ONONON
®* 8 & & O
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COND O\O\D
e e o 0@

Free Yate Absorbed
T ] o [ | i
¥t. 1b, 02
2,0 | 92 72 (48 | 3,0] 60 1.01 0,092
2,0 | 98 71 |49 O] 60 1,92 0.176
2,0 gg 2 |4 0| 60 1. 0.117
AEIR R AR T R
B 33 73 lag | 3.0 60 1.41 0.129
Bligi 8 12 51 8| 13|
S|4 (%R }‘3 8| I3 | o
%‘7 10| 75 | 74 |5 | 3:0] &0 1033 0ol
2. 1 |50 | 3.0 40 1,04 0.
258 2.35 ;g ;i 29 0| é0 1.2 0 ﬂg
020 % |4 (539 & 073
19 24 2? n |45 | 3.0] 60 0,60 823
75 | 2,0 0| 60 0.8 0.080
511l §g ; zg O 60 0.83 0,081
R RIREIE G in ik
9 (2.0 | 49 | 74 {50 | 3.0 6o 0.55 0.051
5 | 2.0 2 |51 ]3.0] 6 150 0,138
%5 2.0 9; 3 |49 g.o 60 1.?0 o.1§
60 | 2.0 72 (52 | 3,0] 60 1.28 0.118
3 2.0 70 72 |52 §.o 60 1.43 Oe 08
5124 | 27 | 73 |54 01! 110 097 0.089
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RESULTS

IABLE 11

ABSORPTION
Unit #2

15 in, Bed ~ 6.4 1lb, Sslecomine

Run | § 0o | 7T0® | presgs| Adr | Water Tome ; Oxygen Absorbed
No.! n" | MF | Paig | OF Gp gpy | Min | by Salcomine

tu ” lbnE
1 [6.11{2,0 | 91 |72 |50 3.0]| 45 0.89 0.097
2 [ 6,73[2.0 | 96 |73 |49 3.0 45 1.51 0.097
3 169510 | 95 | 74 |49 3.0 45 1.29 0.083
4 | 6,501, | 97 [ 72 |49 3.0 45 1,18 0.076
5 [ 6,202,865 72 |73 {50 3.0] 45 0.96 0,061
6 |6.70{1.95| 70 |75 |50 3.0] 45 1.39 0,085
8 |6.57 (1.0 | 75 |74 |50 3.0 45 1.14 0.105
9 [6.10/1.0 | 70 |77 |50 3.0| 45 1,02 0,066
10 [6.51]2.5 | 64 |71 |50 3.0| 45 1.03 0,066
11 6.45 2075 40 71 53 300 45 0069 00044
12 (6,102,060 | 50 (76 |51 3.0 45 1,01 0.065
13 16,34 (1.0 | 47 |71 |51 5.0 4% 0.94 0,06
14 | 6.08 | 3.8 24 73 {50 3.0 30 0030 0.G19
15 | 6.75 | 2,0 29 74 (49 3,0! 45 0.84 0.054
16 16,30 /2.0 | 31 |73 |51 3.0 45 0.60 0.039
17 |4.71 (2.0 | 95 |74 [50 3.0 45 0.81 0,052

[ R, |
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2ABLE 111
ABSORPTION
Unit 43
10 in. Bed -« 4,2 lb. Salcomine
Run | £ 0o | Pree | pregs| Alr | w, T™me | OXygen Absorbed
No. Alr —‘P‘—‘ by Salcomine
° | | om | P8 ] T Jop | | Mm Ve ¥ wn:.o;_

T

(W ATUN LI

8\0 Ca~3 Oh

6.5 | 265 94 | 72 |50 | 3.0] 45 1.12 | 0,050

6.75] 2.0 97 ;8 49 | 3.0 40 1.53 0.064
6.77 100 99 { 50 300 45 1.28 0-054
6.40| 1,0 98 74 |49 | 3.0 35 1.13 0,048
6.35{20 | 71 |74 |51 | 3.0 45 1,51 | 0.067

6.68]1.95! M 77 [ 950 | 3.0 40 1.20 0,051

6.2211.0 | 73 |78 {50 | 3.0] 4% 1.21 | 0,051
6,43 0,95 | 74 | 77 |52 | 3.0 45 1.26 | 0,053
6.39| 2,75 | 4C 71 | 52 | 3.0 30 0.522 | 0,022

6460 2,55 | 57 70 [ 50 | 3.0 35 0.864 | 0,036

6420 2,0 | 49 |75 |52 | 3.0 45 0,98 | 0.041
60 |20 | 49 |73 |50 | 3.0| 4% 1,10 | 0,046
6.05| 2,8 | 23 72 150 | 3.0/ 30 0.18 | 0,008
6.75{ 2.0 | 29 |73 |50 | 3.0 45 0.77 | 0.033
6e13] 2.6 | 26 |70 |50 | 3.0] 45 0.75 | 0.032

6+25] 1.0 32 74 |49 | 3.0 45 0.7% 0.031
4,731 2.0 97 74 |50 | 3.0 45 0.869 | 0,037
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Salcomine Test Absorbers

Figure 1
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Salcomine Test System
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West Side of The
LRC Chamber

Figure 2,

Southeast Side of
the LRC Chamber
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