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 ABSTRACT

Atmospherlc gas concentrators

‘are capable of producing hlgh..

and low oxygen mixtures for use
in diving and other hyperbaric
activities.

produced usable nitrogen/ oxygen
(Nitrox) mixtures for diver

breathlng gas, saturation div-

ing mixtures, and clln;cal hy-
perbaric treatment. In con-

junction with the "NOAA Contin-
unous Nitrox Mixer" exact mix-.

tures can be produced at deliv-

' ery pressures in excess of 3000
psi. . ) o

_ INTRODUCTION

The potentlal appllcatlons of
atmospheric oxygen and nitrogen

separators in the preparation
of diver's breathlng media were

identified .'in Reference 1.

This paper addresses the quan-

(‘tltatlve use of such dev1ces,

inciuding working ' models of
high pressure ‘Nitrox prepara-
- tion systems. :

'Two fundamentally different
.atmospheric gas separators are

addressed. The molecular sieve..

based "pressure swing adsorp-

tion": (PSA) system depends on .

the: selective -adsorption-de-
sorption of nitrogen on molecu-
larrsieve‘material during‘
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‘ " Both ' pressure
. swing adsorption and differen-
".tial permeability concentrators

-pressurlzatlon and depressur-

ization with air. The Udlffer-'

. ential permeablllty" (DP) sys- n
- tem depends on the differential .

rates of diffusion of gases
through ‘the walls of" ‘hollow
fibers pressurized with . air.

.Both systems utilize low pres-

sure air as a gas source and

‘produce product streams of high

oxygen/low  nitrogen and low
oxygen/high nitrogen gases.

" Both of these product gases

have applications in diving and
hyperbaric activities. = The

high oxygen mixtures are 'used
_.primarily with the NOAA Contin-
uous Nitrox Mixer?
‘dlvers'breathlng gas and thera-

to produce.

peutic . Nitrox mixtures.'  The

‘low oxygen mixtures can be used

to produce Nitrox saturatlon

,breathlng mlxtures. :

RESULTS |
" PSA System

The results of tests run. on an
AirSep Oxygen Generator, model
AS-20, supplied with 100 psi of
breathlng quallty air are shown
in Flgure 1. Although carbon

" ‘monoxide is concentrated in the:

low-02 product gas, its concen-
tration 'is ‘within acceptable -

limits. -The "back. pressure"

shown on the horizontal axis is -
the pressure of the gas in the

- high-oxygen storage tank. The

low—oxygen product gas 15 re-
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: leased at atmospherlc pressure, o
since ‘a back pressure on this

"desorbed" gas will signifi-

. cantly reduce the performance

- of the dev1ce. '
DP‘System

The results of tests run on a

Permea Model PPA-215A supplied’

‘with 150 psi of breathlng qual-
ity air are shown in Fig. 2.
The fractions of the respective
gases in the high and low-02°

product streams are controlled

by the back pressure or flow of
the 1low-~02 product stream.

This gas can be delivered at a

- pressure slightly less than the
supply air. The high-02 gas in
these . tests was delivered at
atmospherlc;uessure. Sllghtly
higher dellvery pressures ‘are
' pOSSlble. ~

'Gas'Mixing Systems

Flgure '3 shows a generic "NOAA
Continuous Nitrox Mixer" which
can utilize either of the above
atmospheric oxygen concentra-:

tors as a replacement for the

ocxygen source.  Best perform-
ance of the PSA system is ob-
tained by utilizing a high-oxy-
gen "back pressure"“in. the
range of 30 psi and adijusting

‘mixer  input rates to control
‘the 02 content of the final

high pressure mixture (conven-‘
tional method).  Best per- :
formance of the DP system can

- be .obtained by adjustlng the

composition of the: high=-02

. product gas to the desired fi-

nal high pressure mixer output,

. and compressing the entire out-
.-put of . the DP concentrator.

Working-modelsfof,bOth_of'the




above optlons have been con-"
structed and tested at the NOAA
Experlmental D1v1ng Unit (NOAA

- EDU). ' Exact procedures. for .

: accompllshlng the above will be
- described in NOAA EDU Reports

93-01 and 93-02, currently‘ln‘y‘:

preparatlon.

,Nltrox saturatlon d1v1ng, at

depths in excess of 50 feet of. -
seawater, necessitates the use
-of gas mixtures lower in oxygen

than air. Wwhile either of the
' systems i can be used to supply

- such. gases, the ability of the

DP system to ea511y prov1de a
wide range of mixtures, at

working pressures, generally
makes it the more approprlateﬁ

method.

Phllosophlcal Note-—Many'oper—
ational diving procedures and .
most therapeutic hyperbarlc.

procedures call for the use of
- pure oxygen, which often re-
sults in logistic¢ difficulties.

' In most cases the phy51olog1ca1‘

intent of pure oxygen use can

be obtained or improved  upon

with high-oxygen Nitrox mix-

tures and acceptable changes in

-equlpment and/or procedures. A

- little innovation could. result '
. in 51gn1flcant beneflt 1n'thesei'
‘areas.
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