et T

e

L S I PR

NRL 17772 mpore ndden 1épey ¢ Y2 o2,

SPECTROBCOPIC STUDIES OF NUCLEAR
SYBMARINE ATMOSPHMRES

II. Infrared Analysls of Major Gaseous
Contaminants

Raymond A. Saunders

CHEMISTRY DIVISION

‘ May 1959

U, 8. NAVAL RESEARCH LABORATCRY
Washington, D. C,

or\

at to opaninl OXp

4 is pukjest } "
cumo?\ ency t.vmmmiu;nl "'..c: fo’e?' Tade

govornmcﬁtu or forelgn pationy & -

a Dl r10%0Y
1y with prior npprovn\ or“::ﬁtn;;on. o
'a:;{l Repearch Laborntory, N

This &0
gontrols N

203980, "
¢

B T N g S S,

)3

i b

i

PRSP

RUUEY VO U LN

b bl n. s A

[ S V)




|
|
|

T I T g T P et T

ATTETEATT
’

T ————

1 1y

dl

P

R e el

., ABSTRAC™
7. Infrared fpectTel. analyses have'heen made of compressed’
submarine air samples uaken Ahom.od (hn USS SREAWOLF during the cruige

- covering the perlod 3-20 November, 19.¢. -'Me Tollowing contaminants

we-e¢ detected in the gross samplecg, l.e., those on which no

’ “preIiminary'aéparétion of consiftuents was made: carbon monoxide,

carbon dioxide, water vapor, Fremm-12, methene, methyl alcohol,
ficetylene und nitrous oxide, -Eacn of thene contaminants has been
megsured quentitatively and found w0 be well below permisalble
Limits. The way in-which the ‘concentration of cach of these

contaminants {s effected by the operation of the Desomatic burner
is discussed, ' ‘ " :

PROBLEM STATUS

Thio is on interim report; work on the problem is continuing.

AUTHORIZATTON

NMRL Problem COT-01
Project NR W77-000, Task NR 477-001
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SPECTROSCOPIC STUDIES OF NUCLEAR SUBMARTNE ATMOSPHERES

LTI s wirrn b, | o

- IT, Ainfrared Analysis of Major Gaseous Contaminants .

S s

INTRODUCTION -

.- One of the aims of the submarine respiratory habitability progran
lg to determine the constitution of the submarine atmoaphere,
especlially thcse constltuents wnich might be ~onsl.dered danrerons Lo
‘persgonnel after long periods of exposurc. Some atmospherioc contam- ,
inants can be measured aboard an operating submarine Ly Instrumentation
such as the Atmosphere Analyzer, which is currently programased ror a
- reiatively few known constituents. Other contaminants can be b bec ted
- B8nd measured by various chemical tests morc or iess conver fently,
HOVGVGP,:theae tests are regtricted to thoge Uew Known oontaminnn' o
. for which there ig & relatively simuie Lest.  SLLLL wrhiers ongg vy
¥ detected by compiicated ~nalytical instrumentation suaci o, uores
! and mass spectrometers and the vapor phase ffractome teern, Wobhe g
- lnstruments can end have been car ‘fed aboard submarines, .0, , the
- Habitability Cruise of the USS NAUT1LUS In 1996, §1 has been found

! More practical and convenient to collect samples by varicus means on
t the operating vessel and rcturn the samples to the laboratory for

: subsequent analysis. : ’

£ ~ There are undoubtedly several hundred atmospherte contam.nan's
B from all the various sources on the submarine. For inptance, over
- four hundred contaminants are known to arige tfrom Just Swo ot

§f ' major sources, tcbacco amoke and paint soivents. Over three

hundred constituents have thus far been ldentified in tobac .-
smoke., (as chromatography raveale the presence of mope Yhan one
hundred contaminants, only a few of which have heen ltdent!fted, i
the liquid phase >f peint solvents recovered from the sibmar! e
Stmosphere, The identification and determination of the less
foncentrated contaminants in sush & ccmplicated mixture by any meann
8t all would be difflcult apd time ccnsuming. Fortunately the
c:::entrtt:on of these adulterantn scems to be well bielow tolerable
ta,
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Tho concentration of mbst of thase impuritiea, whether (1 Lthe f'orm
of so0lid or liguid particles or vapor, (s maintained at o4 leve, o,
the submarine's air purificaticon system, which conafoats ¢ wiraters,
bUPHOrI, filtors, abaorbents and precipitotoras,  In adiivt ., 0.
corcentravion of some f the parvicilate mavter 1o noomhil o ore i
through agglomeration and settiing and by cciitplon i, TYA SR

TR

B Conteminants which build up o elen® ‘leant Lovean o fhe caomap! o
: ' *xﬂﬂlPhﬂrﬁ in gpite 0 thege removal methoda nre o Cropegge i bgbero o
v from toxizologlical viewpoint, The vapor phage optandnastg, wioe
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escepe the pregent i1wmovel methods-ere perhaps the eagiest to identify.
Te three most promising methods of anealysis for this purpose are
infrared end mess spectrometry and vepor phase chromatography. of
these, the first seems to be the most ideally suited because of 1ts
senaitivity and specificity., In general, the highepgt sensitivity is
obtained with the infrared method when the product of abscrption

path and sample concentration is & maximum. The maximum absorption
patn length attainable with the equipment at hand is ten meters. This
long path is obtained by the use of mirrovs which refle:t the entering
radiation so that it traverses tre cell thirty-two times before
exiting. The cell has a fairly small volume, 5.5 liters, and can be
pressurized safely to 100 psig. ' '

tmospheric samples can be taken aboard submarines by using a
small air compressor to pressurize type A-u stainless steel bottles,
w“hich have a volume of approximately 1.5 litera. Thus when air,
compressed into these bottles to & pressure of LOO peig, is later
expanded into the evacuated 5.5 liter volume of the ten meter cell,
the resultant preasure is about 100 psig. '

From time tc time various submarine e&tmospheres h&ve been
sampled in this manner and spectrally analyzed. These samples were
elther isolated specimens or were taken after relatively short
submergences, and allowed few correlaticns and conclusions. Recently,
however, a particularly interesting series of samplea was taken
sboard the USS SEAWOLF (by Dr. George ‘W. Mclaren) during the cruise
3-26 November 1958, ™ ese samples were collected in & systematic
manner in an attemnt to elucidate zertain facts relative to the

functioning ¢f the various devices used for maintaining & livable
atmcsphers,

EXPERTMENTAL PROCEDURES

The stainless steel bottles used for the samples were hydrc-
statically pressure tested to 600 psi, steamed cleaned at the
iaboratory prior to use and fitted with teflon coated needle
valves, They were evacuated and stored aboard the sutmarine until
ready for use, The procedure for collecting the samples was to
tonnect the bottle to tne dimschaige side of the compressor using
& T fitted with a valve and gauge. The compressor was turned on
And the discharge side of the line flushed up to the valve on the
nample hottle before the latter wus opened. All samples were
compresued at W00 psig., A length of teflon tubing on the input
8ide of the compressor permitted air tu be drawn from practically
Any desired location. A total of eighteen samples were collected

At varicup locations on the boat durlng the twenty-three day
submergence,
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The compressor was charged with a. silicone 011 insteal of a hydra--
carbon vil, since silicones absorb very strongly in the- Infraved ant any

carry over of the sillcone fluld with the.: .samp le Luuld be easily d\te<t<db

No abgorption attributable to silicone fluid has éver been obswrvod
wewever, in the spectra of samplea taken as decaribed.

Water vapor Is & strong absorber in the infrared. The concentration
of water vapor in air of uO% rPLative humidity, at the pressure and
path length used for this analysis, 's suffic lent to mask out an
interesting region of the. spectruin. Chilling the sample V9] JOQW
before expanding it into the 10 meter cell reducas thd water VBPUP
concentration to A level where it ceases to be a problem... A.small
wacunt of the contaminant gases are undoubtedly cetalned by soiution
i the rrozen vut water. No cffort has been made Lo PudU(V thiis loss
<1 to correct the analviical results therefor. . ‘ :
The spectra were obtalocd over the O-15 micoren region Using a
Perein-Blmer Model 21 double bogm spectropholometer.

HBULTS AND D.GCUS”ION

All of the obscrved abgsorption bands have teen ldentified &g
arising from the iolluwinh gasenun contnmtnants. caybon monoxide,
arbon dloxide, water vepor, Frecn-12; methans, methyl alcohol,

- 8cetylene, an unidentifled low mulecuinv weight hydrocarton, and
nltrous oxide, All of these contéminants, except nitrous oxlde,
have been identified in previous submarine stmospnhere nampies.. Thie:
i8 the first time, however, that nitrous oxlde has been identifiedi -~
“Y any analytical means. Reinspecticn of the gpectra ottained of a
.sample of air taken from the USS NAUPILUS during the trip »f April 26,
<358 does reveal the presence of nitrous oxide although ites identifi-
cation was overlooked at that time, It {4 an easy conteminant to
“verlook because its strongest absurpticn bend, which is very weak.in
nese gpectra, falls Letween a very streng (intense) Cs, bend ard a
“tler CO band.

The present series of eamples makea the presence of nitrov.
“Xide more obvious, however. Tt is particularly evident in the
8pectra of those samples taken &t the output of the Dnsomatic {Co)
v+7her wnere the absorption arising “rom 20 is zero.

Absorption at 3.s2 microns in the gpe ‘trn of these samp;es arises
from C-H vounds, and is probaocly due to low mclecular weight hydro-
a”“ﬁns This vand !s retner weak in the aubjlect spectra, however,

812 1a the abpence of other absorption bands attributable tc Lhis

~aterial no specific {dentification can be made, It i8 probably

“-ther ethane or propane -r a aixtyre of thege gases, dboth of whieh
"8ve been found in cigarette smoke~. For the sake of quantitative

:easurementa the compcunid is assumed to be propane and calculatved
8 such,
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TARLE 1

Analyses of Compressed Submarine Alr Samples Taken. On

USS SEAWOLF During the Cruise of 3-26 Nov. 1998
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TABLE 1

A’nul,\,--ues‘ of Compreasged Submﬂne Alpr Sm_xblea Taken On
U8 SEAWOLF During the Cruise of 3-26 Nov. 1948

~ Carbon Carbon  Freon
Date Timc Dloxide Monoxide 12

- Methy)
Methane  Alcohol  Acetylene Ox1de
¥ ppm ppm ppm ppm

Nitrous Hydro‘z‘drbon
as propane -

11-6-58 130h4 92 ¥ T30 568 *
11-6-58 1340 G2 .38 -8 W3 1.

11-13-58 0930 1,00 " 83 o

11-13-58 1000 .88 31 86 64 a9

11-15-98 1230 1.0k - 63 118 2
11-18-%8 1000 1.02 3l 6ty ‘10 s
11-18-58 1200 s9h 30 ST Te e
11-18-58 1330 Th 32 67 ‘10 Hul
1:-18-986 LWy Y oh 677 s W
ber  11-18.58 1500 20 0 ‘0 6O b5
11‘18-‘)8 14 ;() 1.0 ' L} {4 [ LY
11-18-58 1630 9 0 Hr6> 1 wuh
hag  L1-00-98 1000 1. 1] o8 0y i i
Cry  11-23-58 1200 L9 4] ) /e 5
Li=-20:258 1000 98 . 1 e .
11-2he%8 1100 L0 30 "t O »
Ti-0h«u8 o3hy YLy € o ¥ »
1<9-99 1000 LOU ' ] e ‘
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~ 'Te quantitative valueh'giVeﬁaiﬁ‘TabIéflfare calcuistéd on the basie.
of the best calibrating date at hand, some of which are known to be only..
; £ approximately correct. More accurate data 1s presently being acquired

e T T e R A R T TR Y TR TR
T

fud will be used for future analyses. A modified base line system of gv;ajg
calcalation hag been used in. the present analysis. That is, an attempt Cg
‘ has been made to graphlcally correct the absorption of each individual i ;
1 constituent for the spectral contribution of all the others. No great. i i
§ ‘accuracy is claimed for this mpethod; however, it is necessary at this ERR
b time in order to meke the analyses manageable, -5 - . =~ o0 : o ] -
. The concentrations of carbon dioxidé&iistéa;iﬁ the table are-in -
; percent by volume., All cthers are given in:pants per million (by volume). :
3 An esterisk (*) indicates that.the concentration of the -ccrithminant wes R VR
; less than the minimum detectable afount. No quantitative data higs Been =~ ¢
3 élven for water vepor since the condentration: of this consgtituent was . :
i deliberately reduced prior to.enalysis. R ’ s
¥ ‘Seversl interesting observations-are apparent from these data. . =

In general the carbon dioxide scrubber was able to maintain the cerbon
dioxide concentration of 1% or less. The concentration of the carbon . i
dloxide in the air exhausted Trom the scrubber. {sample #10) was. I
reduced to 0,26% which would indicete a carbon dioxide removal efficiency . . '
of 75% for the operating conditions prevailing in the scrubber &t the time ~ °
of sampling. The sanples were not taken with the ides in mind of

determining scrubber efficiency, however, nor is 1t known that the ' L]
operating conditions prevailing were normal. Actual scrubber efficlency . . R
méy vary somewhat from this figure. The true efficiency for varying

fonditiqns could eaglily be determined by spectral analysis of scrubber
iput and output air. )

g i EReT A

e T

.
i , | | | 3
1 The carbon dioxide concentraticn leg low 1u the englne rcom spaces C
! (samplea #8 and #9) especially near the mancavering voom because it is ¢
g in this location that the exhausi of the carbcn dioxide seorubber o ;gf
] : dumped, The discharge f'rom the scrubber (ssmple #i7), which s normally ,‘g
i i compressed and pumped overboard, has & carbon dicxide concentration near 1 E
b 90%. This figure 1s based on A very large extrapolaticn, and may actually ; !
| be as high as 1004, ‘ ‘ o ” S g
! . ‘The original purpose of the equipment now kiwwn ag. the Desomat i ; g
E { bur ner was to, cepyert carbon monoxide and hydrogen. to-carboi Afcx i e oo
5 . oo, Sidiwater Vepor, negpectively. | As now operited thiiseqipment.alic
P { converts mosat :of the hydrocarbon contaninmurs -n the enterioy air ghrean S
k to carbon adoxide, _.-I..i’)t"f\‘/:r'."ous'.l.g,'“t,hc carbon- dioxide coutent ot the dud- ;
g ' l;‘ut aiy of th@uD&ﬁiﬁ;maﬁ‘;x*' vurtier should be higher than the fnput air. = o
. ’ or average conditione, however, the difference in carben dioxide i
sohcentravion igsprobebly 1685 than e cxperiments] ocrror oy this o X
; deterainattion. he méasured values for garbon Atoxlde cancent rani - L
' i lsted in Tuble I indicete s higher velue fovr burner outpul o |
3 ' ; air in all instaides save one. These differcnces aro provably .
? ricpitious, arising from & combination of errcrs in the sampling 7
i and analytical’techniques,4 The caroon dloxide oo -cotrntvon f
: z
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of outdoor air taken in Washington, D.C. on the date indicated was

spectrally determined to be 4%, a flgure in good agreement with
literature values . ' . - :

The Desomatic burners, as operated during the cruise, were very
efficient in burning carbon monoxlde.. In each case the conaentration
of carbon monoxide in the outpu” ‘Blr of the Nesomatic burncr was less
than the minimum detectable level, which is atout 5 ppm. The valuea

.. for the concentration of carbon monoxlde reported here are in fair

agreement with those recnrded by the Atmosphere Aialyzer durlng the
¢ruise. The average carbon mondxide content of the submarine atmosphere

~during the cruise was 30 ppm. ¢

It 18 obvious from the analytlical data that no appreclable
decomposition of Freon-12 takes place during pessage through the
Desomatic burners. This gas is readily adscorbed by the asctivated
charcoal filters, however, which tend to keep the ccncentration of this
contaminant reduced, at least until the absorvent becomes saturated.

The data for the concentration of methane at the input and output
°f the Desomatic burner is somewhat inconsistent. The average, lLowever,
Sppears to support the present contention that no significant reduction
in methan#*concentration takes place in the burners as now operated.
This inconafétency in the date probably results from the experimentsal .
error in ‘determining this contamirant.” Nitrous oxide also absorbs a%
the .wavelength used for determining methane. The accuracy of the
ermination is lowered even though a correction has veen applied for
the presence of nitrous oxide. The concentration of methane is
'1§31f1cantly higher in the air vented from the sanitary tanks (sample
‘5 » The anaerobic decomposltion of sewage 1s evidently the source of
this contaminant, although it is also produced by smoking.

Methyl alcohol, at the levels reported, is not dangercus to
Perscnnel, It is effectively removed frowm the atmosphere by the
Desomatic burner. Methyl alcohol is used as & solvent in the office
duplicating machine carried aboard the vessel.

Acetylene 1s aleo removed from the sutmarine atmosphere by the
D‘!Oﬂltie burner.  This ges, posaible scurces ~f which are welding and
®oking, is present at & very low level, aimost at the threshold level
of dstection for this method ¢+ determination. The hydrvcarton reported
&8 propans 1s also effoctively oxidized on pamsage throcugh the burners.

The presence of nitrous oxide has not previvusly been Xkncwn in the

luhnlrinsvatuouphere. This gas, also known as laughing gas, is not very'

€. There is a significant increase in the concentration of this
contaminant in the output air of the Desomatic burners. Fvidently
Rilrous oxide is produced by the oxidation of esmonis and other nitrogen
containing compounds, such s monoethanolamine, on contact with hot

.




Hepealite in the Desomatlc units. Small amounts of ammonia and

"~ monoethenolamine have been detected in the submarine atmosphere chemically,
a.tnough never by infrared. Nitrous oxide m&y als® be carried aboard in
t:i- form of a propellent and whipping agent in ceanned whipped creem &nd
snaving foem. Various oxides of nitrogen alsc reault rrom smoking.

SUMMARY AND CONCLUSIONS

Infrared analysis of compressed eir samplea taken aboard submerged
submarines provides a convenient and rapid means of determining the major
conteminents iu the submarine atmosphere. Such an anaiyzls provides
4 relatively easy method of studying the efficiency with whinh theae
contaminants are removed from the atmosphere by the different components
of the submarine's air purification system under various conditiona.

For instance, analytical results of air sample~s teéken during &
iWenty~three day submergence of the USS SEAWOLF indicate & scrubber
carton dioxide removal efficlency of 75% or better for normal operating

~wriitions.  Carbon dloxide is maintained at 1% or less without
dtiviculty.

Of the major gaseous ontaminants, tne Desomatic burners effectively
remove carbon monoxide, methyl alcohol, acetylene and hydrocarbons
‘trer then methane* from the air stream. The Desomatic burners, as:
irosently operated, have negliglble  effect upon the concentration of
Fre n-12 und methane. The burmers generate nitrous oxide, probably as
* resull of the oxidation of ammonie and other nitrogen containing com-
Sunlds in the sir stream.

‘ Imoroved calibrating data would increase the accuracy with which
tiesn contaminants could pe determined in future analysis. Perhaps
_additional impurities could be detected if a preliminary separation

A‘Lno atmospher*c constituents were effected by low. temperature
&ctlcnation. .
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Infrared Spectrum of a Typlcal Submarine Atmosphere Sampled
st the Input of the Desomatic Burner: - ‘ '

Infrared Spectrdam of a Tynical Submarine Atmosphere Samplied
n' the Output of the Degonatlce Burner ' ‘
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gL 1 - Infrared Spcc:truxﬁ of a Typical Submarine Atmosphere Sampled

at the Input of-the Desomatic Burner

| - —— ST - - = st e e
! . e s
A A
r AV} i . 1 :
;s i 1 / 7 \ ,A
(AN | / |
’ s‘ e

4 o B P A

Fig. 2 - In";ared Spectrum of a Typical Submarire Atmosphere Sarnpled

at the Qutput of the Desomatic Burner
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