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ABSTRAC M

InfrarT-Od oper'itm anihlyms h*.e ee af coMpresaied
wbidrjiazn- ali'r spieLv tiaken. ftljs.e tho'US BAW during the eruise
C'Ve-ing the period 3- 26 Nc;v'e-mb'er, ;1o rhre 'followig cotmiraants
W~-0 det~veted in the gross ssaeplev, 'i.e., thqs,ý on which no

V: Preliminary separation of oonntituents was mnade: carbon monoxide',t~arbbn dioxide) -wat~er vapor, P'verw 12, rmethanf! methyl &alcohol,flett~ylene 'dnd r.it~rOus 6Xid(.-:, !E&&en- of tk1wtqL e ccrnt~'inants has been
mLsue que~ntitative.l.y and found ý.o be well below permnissibl.e

ltaite.Th~WaY iih-6hi~ch the-vonvent-.aticin of eavh of thesecon~tamfinafnts is~ ef~ected by tthe operation of' the Desomatic burner
1.11 (1u3eussed,

PRiOBLEM ST1ATIUs

T in iO n interim report; work on the problem~ is continuing.

AUTHORIZATIONA
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SPECTROSCOPIC STUJDIES OF4 NUCLE~AR SUflMRI NE ATMOSPHERES,

-IIf Inrared Analysis of' Major Gaseousj Cunritwniratntiý

INTrRODUCTION-

One o f the aims of thfu submarine-respLratory habitahlbll..y. pr(.11raxn
is to -determine the co.nstitution of the submarine atlinc'sphere_,
espec tally those con[Atttuent~s v'ibch might. be 2G-oriie refi tiamI,,er)1iw; 1t

-.- Personnel after long periods of' toxpo7)lurc,. SA)MtýU aniosphorit oat', Id~-
inants can be measured aboard ani operatirif,. iiihmarit-ii- by mtipa i

rsuch as the Atmosphere Analyzer, which Is cv~rrenit1y p~rng~sr .(I Co I, aA
rel~atively few known consti t~uenit,s. Othor ('01La~nait- rue; n h,_ A, 4_r Lo' -
and measured by various chumical tLe'jtt inure or. '~ Ci/'It7
However, these teists are rest~ritotd tno thaf hc'm fw knr -n n.'Jul r;',an
for whic5h there is at relatively tflm~,,i Lst..*. SL[ .~.h:~<

detected by compl.icated - na Lyticefl iitfl(lta.cnLi:I. -

and maso spectrometers aind the vnjp .r IAIIOI I'reI 'mW!-I '-'

instruments car, oud havie bven ear 'itd Llboark! &niiiiartne..;, It" i
Hablt~ability-Cr-aise of the USS NALMIS in 191.), it, lit.tw-; 1e fuumillk
more practical and convenient to collect sainples by vartr.-m m'aru;. Ie11
the Operating vessel and return the~ samiples~ to t~hu lftbcratory (,' fr
subsequent analysis.

There are undo~ubtedl3y several, hundred atrnoupheric Anw.jfrom all. the various sources on the submarine. F,.r lruitna:;, ovr
four hundred coritamiinanto are known to aris~e t' ifo *ý,W

* major sources, tobacco smoke and paint sooventa. Over three
jhundred constituents have thun far be~en ido;ntufloBi 1gr. tb

smoke. 0as cýhromatography rdvteals the prea(Qnýe 4' rrb ,j.ha no-e
hunldred contaminants, only a few of' whIch havv hefbn !k~.

IFI!the liquid phase ý)f paInt solvento, recovered fryrr I.hc vna>i
atmosphere. The identificatton and dL4L'rminatiun of' thte ±ui

- ' 0neerntrated contaminants in oun a (complie-AtPA mxt-un,' by Any Me atin,
at 411wouldbe ditttcult and ti.me ccnsuminin.. F'ortunate L t'll

concntraionof these adultorartn soetfl to D wý)L 1 beliw I,(~ lA)e rat) I

Tho concentration of' m'ist of thetse impurltion, whest~hoe r Utheo t'ru-m
Or solid or liquid 'partic its or vapur, to r'Anntaint ? )~>~
the submarine's air purificatiCln nyotemi, whl(h emd ll,101 i. r 't..I rr,
burnretrstiltrrrs, abnocrbontB ardCcUU;ttt r1*It!1

4410"~~ of some )f thC t r~' *a-.~Ii~J~I I,';~;'-
thZ'Ou~ agglomieration and~ set~tking and by oo 4i ol'n w-~

Conteminants which build tip to i sný 'lonrt lxve. ot h'*''~
.ttMO4phere in spite ox' thene rvmnvBI. niqot-hdT 'IIIU rri'(; t-y, .

Stoxi~ologil-al vie!wpoitnt. * Th' vtki;' r p t~ ~e j,

_2I t # h +fIIvv~nu ~ aYI-- ,vfI. ~ -.. ~ , .
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ea.pe the prevent ;inoval ..ethods... perhapar the e- ,,iest to identify.
' The th-ree most pxvin sing methods of analysis for thisr purpose are
infrared and- mass spectrometry and vapor phase chromatography. Of
these, the first seems to be the most ideally suited because of its
seiiitlivity and specificity. In general, the highe~t sensitivity is
obtained with the infrared method when the prodluct 'of absorption
path and sample concentration is a maximum. The maximum absorption
Path length attainable with the equipment at hand is ten meters. This
long path is obtained by the use of mirrors which refle-t the entering
radip~tion so that it traverses tr'e cell thirty-two times before
exiting. The cell has a fairly small volume, 5.5 liters, and can be

Pressurized safely to 100 psig.

Atmospherip samples can be taken aboard submarines by using a
small 'air compressor to pressurize type A-4 stainless steel bottles,
'which have a volume of approximately 1.5 lIIters. Thus when air,
,ýompressed into these bottleb to a pressure of 400 psig, is later9
expanded into the evacuated 5.5 liter volume of the ten meter cell,
the resultant pressure is about 100 psig.

From time to time various submarine Ltmospheres have been
sampled in this manner and spectrally analyzed. These samples were
either isolated specimtne or were taken after relatively short,
a,_Au-ergences, and allowed few correlations and conclusions. Recently,
however, a particularly interesting series of samples was taken
aboard the 1)88 SEAWOL? (by Dr. George U. McLaren) during the cruaise
3-26 November 1958. "viese samples were collected in a systematic
Tfanner~in an attenmt to elucidate zertain~facts relative to the
functioning of the various devices used for maintaining a livable
atmosphere.

EXERTh1MTAL PROCEDURES

The stainless steel bottles used for the samples were hydro-
statically pressure tested to 600 psi, steamed cltanied at the -
laboratory prior to use and fitted with teflon coated needrle
"valves. They were evacuated and Stored aboard the submarine, until

* ready for use. The procedure for collecting the samples a was to
'tonect the bottle to the dischaoge side of the compressor using
a T fitted with a valve and gauge. ethe compressor was turned on
aid the discharge side of the line flushed up to the valve on the
ampatle bottle before the latter wea opened. All samples were
_mpresued at ph0o psig. A length of teflon tubing on the input

si4- ofi the compressor prm,.itted air to be drawn from practically
"any desired location. A total of eighteen o O0ples were collected
e vanrjed int(oatlons on the boat during thv e twenty-three day

Ii.
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The-- compres'sor war, oharged .witih a bl licone oilt I nstee I of a hydro,-
oarbon oil, since llcm1ýoe~s absorb ve'ry strongly rn th nraed anA any.
carry over of' the sili-cone fluid with the, sEW1pi)e L-Old. be easily d c.t e t,ý-d.
No absc;ITI~ion attributable to si~oefluid has5 e-ver' bee n observed)

iin~vrin the spectra of' sonmplo taken as d(:Er ibeci.

Water vapor is a strong aibsorber 1 n th *e infrared. The concentration
of water vapor in air of 11O% relative humidity, at the pressure and
Path length used for 'this anaiysis, I's sufficient to mask out aLn
in'teresting region of the. spectrum. Chilling the, san~le wo 10,F. .1
before expanding it tntor the'10 meter cell redueos LWý water vapor
'm-cenitration to t Level. where it, ceases I-o be a 'problrerm. A -small
fui-wuirit of the (, ont~aminant., 1gases arc- undolib Ledily re $.al ned. b.Y so,-uLt1on

utthe fro)zen ouit. water. Nu e-fforL iia~ been ~madt,. t~o ri.d-ure Ohil, loss
1, to correct, the anial"Li cal -. n-silts ithe-rt ler.

Thuo Speetra Were obtaiUnt-d ovi-1 thR- P- T1.ir ~i r';ý11L~1131
hrk n- Elznei Mo do'1 .;i I obl pi eL roilt ie tw Ie r'

;'ý ?SUI IIS AND DI SCUSS ION

A-11A o f the obse rved absorp Lion 1-ark][5 havc- Lý-ee Iidenti fied a6;
qrising fromP the following j!6aeour, contcntwirant6; ca1y~monoxide,

* 'arbon dioxide, water vap(,r, Freorn- 12; neheMethyl alcohol,
acetylene, an unident if Led low ?oec r'cj,4t.hydru':.arbe'ni and
IAtrous oxide. All of these cont&rninants, except. nitrous oxide,
have been identified in previous submarine atmnosphnere Samples. Th I
!.8 the first time, however, that nitrous oxide has been identifted
"V afly analytical means. Beinspecticn of the sppctia obtained of a
Bariple of air taken from the USS NAUTI1LUS during teri fAril 29,

~J8 does reveal the presence or nitrous oxide although ite identift-
Cation was coverlooked at that t~rnc. It. ib an easy contami-nant to
-verlook because its strrongest. abaor"pt~cn band, whic:h is very weak. in.

tfeespectra, falls 1.,etweien a very Latron,, (Intense) C'G bend and a
"'--rr CO band,

The present series of 6amples makes the presence of r~itr-&,,-
COXide more obvious, however. IT partic-larly evident in the
spectra of those samples taken at the output of the De-seoatic (CO.)

~-orwnere the absorption arising *'rom CO is zero.

Absorption at 3.4i2 microns In the epe 'trt\ of these samples arises
')IC-fl boi~ds, and is probab7.y due to low molecular weight. hydro-
:ro nsa Th'.s band in rather weak in the Pubject spectra, hcwever,
rKin the absence of othcr absor-ption bands attributable toý hisi1
~&rtlno Bpeciftc identification (.an be made. It is probably

"Týher etbe:;e or propane ,~r a n~Ixt-re of these gases, both cX whi.-hInave been found in :!igarette smokel. For the sake of qianitit~ative!
"IeaSurements the compouni is assumed to be propane and calculat~ed
as such.
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TABIX 1.

Analytsen of 0OqAreosed Submuarine Air Dwnples Taken On
ýUaS MiAWOUP During the Cruise or 3-26 Nov. 1958

Carbon Carbon Freon W4thyl
t~e im Doxide Wrnoxtde 12 Methane Alcohol Ace,

&atp~t #. ~'s~a-6-,8 1304 .92 30 3*
Dm.f It' 11-6.-58 1340O .92. 38 2t 113 it 5

.. .. ,t # .. . [ 13-58 0930 1... .00 83 64.*

I 1 N- 1-13- 100 .88 '3186 s2.I

I"ll- ILr(A vent Ban. tank 5 -i'A 123() . 29 68 1 -1. 8
P 1 ~t1-1-8 QY) 102 3 66 70(o.

r.1 - 18pe -5 000 L. (V3-.
r,,,om~ top V'' sv-p irig.5 -o i'943 32' 57 70

fil m.l ig r 4 r d 8- 58e' 1v 33 7I.267

*.± H)P~I,.I18%' ~2' 79 - 67 56 4.5

,:- ) . . - . -7.. •f.l '••.- •.-.... :':i I •v "A."• . ... ..

- f j>k. -:').8 IP ) 30 1~ 06] 6

9.

I I 1 'WO r . 1

AA
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Anmxlhi-es of Coureased fubbmartne Air Bmplea Thken On
U3'. SKMAi~V0 DurI.ng the rrultae of' 3-26 Nov. "

Carbon CArbon Freon Methy. Nitrous Hydrolcarbonl
Date Ti1-" Dioxide Wknoxi.dv 12 Methane Alcohol Acetylene Oxl.de as propane

ppm PPM ppm,- 22m.p pmpm_ ..

11-6-58 13014 .9, N 30 38 805 *

11-6-58 131•0 .9p 38 .,8 4,3 1.5 0.' 7.0

11- 13-58 0930 1,00 83 P30
1.1-13-58 1000 .343 31 86 6) 2.9 0.4

1.-15-58 1230 1.0O4 29 68 18 '. 1 8. 10
il.-11-58 1000 1.02 31 66 7. 19.) 8
11-1s8- 10l0 .9J 3. W7 7P ',.2 11. 0

IL- 18-58 .1330 .71 36, (0 0j . 0. 1

1.: -18-56 L 4 ) *.79 24 6' ,. 18.o 1.1
etr 1.1.- - o8 i00 .t .. f. 0 9

I I- 18-',B 1' S 0 1O .(1.) ( J
5' *'; . ,). I ', d. •)_1- .8~-1 lt )O.) i6 o I9",*., U. . 10.') 8

us 1.-2P-5•} 10(X) 1.11 ") (8 .,.., w " fj 1i

'ry 81-?i-58 1 .X) w9, 1 ,, /, . ,). ,

I I-e-• IIIX) 24 ,000

.. ,9

*..9.C(),..,.

*-'-7*

3,
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The quan'titative Valuesi given: in Table: 1 are mcaulated on the: busI E
Of' the best calibrating data at hand, some of' which, are Anown to be only
approximately correct. Monro accurate data 'Is presently being acqu Lred

w!~i 11l be used for future analyses. A inod.f ted.'base line system of.
calcalation has been used in. the present analy8'sts. Th~at I. , an attempt
has been made to graphically correct the absorpt~lon of' each i ndi1v Idual
constituent for the spectral.contribution.of all the others. No great-
accuracy in claimed for. this. method; however, -it *ia necessary at, this
time in order to mseke the anys managable

The concentrations of carbon dioxfde &,istied i'i the' table are* in
percent by volume. All others are given in;pay!t~s pe~r mnillion, (by volume).
An asterisk (*)..indicates that, the concentration -of: the coritarninant Ya .less than the minimum detectabl6e a"nt No qknitsv dat h been
given for Water vapor since the concen~tratioh -of ti cnite was
deliberately reduced prior to :anailysis.'

Several interesting observations -are apparent f'i'om these data.
Ifl~generAj. the carbon dioxide scrubbor was able to maintain' the carbon
dioxide concentration of 1%:or' less. The concentrat ion of' theý carbon
dioxide in the air exhausted-from the scrubber a amp~e #10) was
reduced to 0.26% -which would indicate a carbon- dioxide' remioval efficiency
of 75% for the operating conditions prevailing in the scrubber- At the time
Of sampling. The seamqples were not taken with the idea fIn mind of
determining scrubber efficiency, however, nor is it known that the
operating conditions prevailing were normal. Actual scrubber efficiency'
may vary somewhat from this' figure. The t Irue efficiecfovryn
^'ofditions could easily be determined by spectral analysts of sc'rubber
i-'Put and output air.

IiUed.Thedischarge from the scrtibloler ksaznple #17), whkl, ~s not-mallycompressed and pumped overb~oard, has a carbon dioxide Conricnt~rflt I(- r* er
90%. This figure Is based on a very, large' extrapoimation, Find may actually
be as high as 100%.

7he original purpose of the-equlprniitnt now kat',own as .Kt~hv-k;int
bu-XrnPer wa8 to., cyý't parbon inonoxi de"ý,and i hydrogen t .~rn ic~;'

Con1verts most of the hydroc&rbor utaniao u ih1..'1torIri n, r a ' u
to carbon d.ixid UVJ.ously the( carbotn M,: 6,0d:c~it~n .**iI .''_u
P~ut air~ of the & iDc(iA br?'cr hOUld 1)( illgl-ir than tnre Input.t ai r *

F'or average inlt however, tbe In diVI2 Cn i rbrI d. i .X I d1e

dhis rriinatin.,'cd valkles for ocarbon tx cl.'iCci Vlisted in Table .1 inl.fl~1 tv m highe~r valuec fo"', 01in xt.Tftt

air in 1 a .la tmo s ave one. Th-ese d W ~ u~ r:;hfl.ctitiOuS, ari'sing fro0m a comibinatio'n of' errt rs in, t-he scuipiiri-r
4r" analytical te-ebnbj\Ies, The carrjou 1ji& C ~fi

S-.-.-.---...... . . . . . . .



Of outdoor air taken in Washirngton, D.C. on the' daite 11n(i10atýe4 Was
spectrally det~errn~nd to be .04%, a figure in g.u-od agr'eemenit with
literature vaupes

The Desomatic burners, as operated during the cruise, were very
efficient in burning carbon. monoxide.. In each case the oon,:entratlon
Of carbon monoxide in the outpu",. Rir of the flesomat~ic burne-r was less
than the minimum detectable level,'which Is about 5 ppm. The values3
for the concentration of' carbon monoxide reported here are in fair
agreement with those recorded by tb.he Atmosphere Anailyzer durtng the
cruise* The average carbon monOxidle content of' the submarine atmosphere
during the cruise was 30 ppm.

It is obvious from the analytical data that rio apprecilable
decomposition of Freon-12 takes place during pa~ssage through the
Desomatic burners. This gas is' readily adsorbed 'by the- act~ivat~ed
charcoal filters, however, which tend to keep the conicentration o(' thi."
conltaminant reduced, at least until the absorb)ent becomes saturtited.

The data for the'concentration of methnne at the input and output
~Cthe Desori~tic burner is somnewhat inconsistent.. Thie average, lruwever,

appears to support the present contention that no sig'nificanit redu.ction
i~methaa.7poncentration takes place in the burners as now o'perated.

This inconsis'tency in the data probably re-sul-ts frown the experimental.
error -in'determining this contaninr.nt., Nitrous oxide also ab~sorbs at,

S t~ wavelength used for determining~ metha-ne. The accurac.-y of the
e~rinaionis lowered even though a correction has be-'ýn applied for

the Presence ot nitrous oxidLe. The concentration of methane is
si t ificant~y higher in the air vented fr~om the .3anitary tanks (sample
Vf.I. The anaerobic decomposition of sewage is evidently tl~e source of
this conltaminant, although it is also p.roduced by smoking.

Methyl alcohol, at the 'Levels reported, is not dangerous to
Personnel. It 15 effectivel~y removed fromi the atmosphere by the
D880atic burner. Methyl alcohol is' used as a solvent' in '%-he office
dq.pjLicatjng machine carried aboard the vessel.

Acetylene in aliro removed from the submarine atmourherp by the
DIsomfttic burner. Thisi gas,, possible sources of which are' welding and
ftking, ixspresent at a very low level, azoat, at the threshold level

Of Get~ct46n 'for this m~ethod of determination.' The hydruca~rbon reported
5ProVane Is also effactively oxidihed on passage through the burners.

MW preseno of nitrous ozide has not previo~usly been~ known in the
85bWLaLXe at~o~hez'e. This gas, also known as laughing gas, is not very
I*c ftere io a sigznifioeant increase in the concentration of this
cfttftiiuiit in the output air of the Desomptic burners. ,Fvidently
UU1'O`148 dii4e to produced by the oxidation of amonia and' other nitrogen
cOfttain~i3 ca~ounds., such as monoethanolamine, on contact with hot
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fpi'ealiL•e In the DesomatLc units. Small amounts of ammonia and
moti)o1ethanolamine have been detected in the submarine atmosphere chemically'
al ,ihough never by infrared. Nitrous oxide may also be carried aboard in
t-, form of a propellent and whipping agent in canned whipped cream and
snaving foam. Various oxides of nitrogen also reault from smoking.

SUMMARY AND CONCLUSIONS

Infrared analysis of compressed air samples taken aboard submerged
',Uhmarircos provides a convenient and rapid means of determining the major
cOntaminants i, thp submarine atmosphere. Such an analysis provides
E relatively easy method. of studying the efficiency with wh',Lh these
contaminants are removed from the atmosphere by the different components
A' the submarine's air purification system under various conditiona,

For instance, analy-tical results of air samples taken during a
twenty-three day submergence of the USS SEAWOLF indicate a scrubber
ci,'.r¢, dioxide removal efficiency of 75% or better for normal operating

":itions. Carbon dioxide is maintained at 1% or less without
It - ulty.

Of the major gaseous ontaminants, the Desomatic burners effectively
r'11- ve carbon monoxide, methyl alcohol, acetylene and hydrocarbons

to er then methane' from the air stream. The Desomatic burners, as

:;ently operated, have negligible effect upon the concentration of
.'r -12 &iand methane. The burners generate nitrous oxide, probably as

Sof the oxidation of ammon1e and other nitrogen containing com-
P'YiNs in the air stream.

Imprroved calibrating data would increase the accuracy with which
4k, ntaminants could ue determined in future analysis. Perhap.

additional impurities could be detected if a preliminary beparation
'I the atmospheric constituents were effected by low temperature
fractL1Onatlon.
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