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FOREWORD

Quality Control of Gaseous and Liquid Aviator's DBreathing Oxygen
st Aircraft Contractor Facilities

1. Tnis Military Standard is approved for use by the Directorate of
serospace Fuels, Department of the air Force, and is avallable for use by all
Departments and Agencies of the Department of Defense.

2 ~ ~ AN oen e o Ty ~ 3 3 ¥ 4 > rs
2 Beneficial comments (recommendations, additions, deletions) and any
pertinent Jdata which way be of use in fmprovimg this documeai should be
a -

ddressed Lo: San antonio ALC/SFKei, Kelly AFB TX 78241-5000, by using the
elf-addressed Standardization Document Improvement Proposal (DD Foraz 1426)
ppearing at the end of this document or by letter.
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1.1 Purpose. The purpose of this standard is to provide minimum guidance,

information, instructions, and procedures for quality control of Aviator's
Breathing Oxygen.

1.2 Scope. This standard applies to aircraft contractor facilities that
maintain & supply of Aviator's Breathing Oxvgen for servicing aircraft.
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2. APPLICABLE DOCUMENTS

2.1 Government docuwments.

2.1.1 Specifications, standards, and nandbooks. Tne following
specifications, standards, and nandbooks form a part of this document to the
extent specified herein. Unless otherwise specified, the issues of these
documents are those listed in the issue of the Department of Defense Index of
Specifications and Standerds (DODISS) and supplement thereto, cited in the
solicitation (see 6.2).

SPECIFICATIONS

MILITARY
MIL-0-27210 - OUxygen, Aviator's Breathing, Ligquid and Gas.
MIL-S-27626 - Sampler, Crvogenic Liquid.

(Unless otherwise indicated, copies cf federal and military specificatiouns,
standards, and nandbooks are available from the Naval Publications and Forms
Center, (ATTN: NPODS), 580. Tabor avenue, Philadelphia PA 19120-5099.)

2.2 Order of precedence. 1Ir. tne event of a conflict between the text of
this document ané the references cited nerein, the text of this document shall
TRy prodweiencg

)
L
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3. DEFINITIONS

3.1 Contractor. The company that is perforaing the aircraft maintenance
cr production for the government.

3.2 Gaseous oxygen. Gaseous oxygern is colorless, odorless, and slighcly
heavier than air. It is nonflammable, but it supports rapid combustion.

3.3 1lncident samples. These are samples drawn when an incident and/or
accident has occurred and the quality of the oxygen used by the air crew is
suspect.

3.4 Liquid oxygen. Liguild oxygen is & palc blue, nontoxic fluid with &
temperature of 297 degrees F below zero. It is nonflammable, but It supports
rapid combustion of.-most materials.

3.5 Particulate matter. For purposes of tinis standard, a piecc of matter
which remains solid at room temperature is defined 2s a particle or as a
special class of particles, a fiber. A fiber is a filament-like particle whose
maximum cross—-sectional dimension is less than 40 microwmeters.

3.6 Procurement limits. The procuremcnt limits defiuved in HIL-0-27210 are
minimun quality levels tc which oxvegen provided by & supplier wmust conferm.
The limits for liguid oxvgen establish gquality levels which perm:t some

duigericration ty occur before thne cxvgen becocmes unusable.

3.7 Quality Assurance Representative (QAR). The individual directly
chargec with performance of the Government procurement quality assurance
function at & contractor facilirty.

3.8 Supplier. The company that is providing aviator's breathing oxygen to
the contractor.

3.9 Use limits. Use Jimits are =z second level of quality. They norwmally
represent the minimur quality levels required for aviator's breathing purposes.
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4. GENERAL REQUIREMENTS

4.1 Introduction. Quality control of Liquid and Gaseous Aviator's
Breathing Oxygen requires frequent and continuous surveillance to prevent
contaminatlion. Surveillance begins with procurement and continues throughout
storage, handling, transfer, and servicing of the sircraft. adequate and
reliable quality control of oxygen demands that each operation be carried out

' tnils standard to assure

12

in strict compliance with procedures established b
flight safety and wission completion.

4.2 Scope. This standard provides information, guidance, instructions,
and procedures for contractor gquality control of ligyuid and gaseous oxygen used
for aviator's breatiiiug purposes.

4.3 Quality control personnel. Personnel selected toc perform operations
in the supply system for aviator's breathing oxygen shell be trained in order
to develop a thorou d h hara ri f H
contaminants and th b
personnel are the

4.4 Contrcl of contamination. A knowledge and understanding of how
Cuta@induls Jte coulcenlrated iu liguld oxygen dare essential tor ettective
quality control. (See appendix A.)

4.4.1 Vaporization. The cencentration of contaminents due to liguid

OXygen vaporization caunnot, of course, be prevented. The rate of increasing
contamination due to this cause, however, shall be controlied by minimizing

heat additions in handling and transfer through proficient and careful
performance of operations.

4.4.2 Equipment. addition of contaminants from equipment shall be reduced
or prevented by operating and maintaining generators, storage tanks, servicing
carts, and aircraft liquid oxvgen svstems in accordance with applicable

technical manuals.

4.4.3 Handling anc transfer. The addition of contaminants froo the
environment shall be prevented by careful and proficient handling and transfer
operations. Liquid oxygen stronglv attracts and absorbs atmospheric gases,
some of wnich are ooCrous 4NZ TEY be present dué (T 4l @nvironmenta. source

4
A M1T11 1S 1T T 1IN r7atrinaT roaomoaoanTrTro I OO0 I oY Y ) 2 alal T™ NoAo T/ 1 1 AT YA o
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5. DETAILED REQUIREMENTS

5.1 Quality control requirements of Liquid Aviator's Breathing Oxygen.

5.1.1 Procurement limits. The procurcment limits for purity and
contamination, wnich include the absence of odor, for Aviator's Liquid
Breathing Oxygen are contained in specification MIL-0-27210.

5.1.2 Use limits. The use limits of Liquid Aviator's Breathing Oxygen are
as follows:

Odor . . . . . . . . C o+ o+ o+« « 4w+ &« . .« <« « . « .+ . Noue
Purity (percent by volumg) C e e e e e e e e e e e e w4 9805 (min)
Carbon dioxide {(ppm by volume). . .« « « + . « .« .« « .+ . . .10 (max)
Hethane (ppw by volume) . . . « « . « + + + « v &« « « . . . . 50 (max)
Acetylene (ppm by volume) . . . . « . . . . . o . . . . . 0.1 (max)
Ethylene (ppm by volume). . . . . . . . . . . o+ « « « + « « + 0.4 (max)
Ethane and higher hvdrocarbons (ppm by volume). . . . . . . . 6 (max)
Nitrous oxide {ppm by volume) . . . . . . . . . « « « . . . . & (max)
dalogenated compounds:

Refrigeravts (freone, oco) (pra by wolase, s o « v 0 v o o L VAKX

Solvents (trichlorocethylene, carbon

tetrachloride, etc) (ppm by volume) . . . . . . . . . G.2 (max)

Other (ppm by volume) . + v ¢ o v v v o « v & « v o v .. C.2 (max)

5.1.3 Supply sources of Liquid aviator's Breathing Oxygen (Tvpe II).

5.1.3.1 Oxygen purchases f{rom & commercial supplier must conform to
specification MIL-0-27210, Type 11, and the basic contract. 7To meet the
requirements of MiL-0-2/210, the following shall be included in the purchase
vrder or contract:

5.1.3.1.1 Preproduction and periodic production samples of the liguid
oxvgen shall be sent to & laboratory listed irn Table I and selected according
to paragraph 5.1.5.1.

5.1.3.1.2 The Liquid Uxygen Sampler TTU-131/E or tne Crvogenic Liquid
Sampier FCS 2001 snall be usel for sampling. The sampier shall be furnishecd bv
the tommercial supplier or the contracior.

5.1.3.1.3 The samples shall be identified bv AFTC Form 176 or DD Form
include & sample number and poin: of contact (individual's name and
e number; on the form.

jo I 38

5.1.3.1.4 A test report of quality conformance signed by a representative
of the commercial supplier shall accompany cach shipment. The report shall
contain purity, odor, moisture, and date of last periodic sample submission.

5.1.3.2 Liquid oxygen supplied as government-furnished material either
from an Air Force operated gencrating plant or a US povermment contractor shall
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comply with MIL-0-2721C, Type II.

ods applicable to contractor's facilties. Testing suall be
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5.1.4.1 Odor test. A liquid sample shall be tested for odor by pouring
approximately 200 ml of the sample into a clean 400-ml beaker or similar
container after covering the bottom of the beaker with a clean, dry filter
paper equivalent to Whatman No. 1, unwashed, medium diameter 5.5 cm, or other
absorbent paper. A watchglass cover or some other means of partially covering
the top of the peaker shall be provided as the 200 ml of liquid evaporates to
Jdryness. This will prevent dtwospberic constituents {rom belug absorbed by the
exposed liquid. The liquid shall be permitted to evaporate to dryness and warm
up to approximately room temperature in an area tree from air currents or’
ous odors. When the liquid has completely ecvaporated, the watchglas
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of liquid evaporates te drynes T
outside of the beaker has melted, the outside of the beaker 11 be wiped with
a clean, dry cloth apd the beaker placed on & clearn white paper. The interior
0¢ the beaker shall be visuallyv examined, without the aid of magnification, for
the presence of particles.

5.1.5 Periodic or requested tests for purity and amounts of contaminants.

5.1.5.1 3amples, except in two instances, snall be sent to & laboratory
licted in Table I which is selected in this manner. Find the location cf the
sawple submitter in Table II and note rhe number tce the right of it. Find this
number in Table 1 and tne designated laboratory for the submitter will be
ligted re the right along with addresses and telephone numbers. 1f the
location of a submitter is not listed a request should be sent to San Antonio
ALL SFTI, Reliv AFr LX 75241-500C, for 2z lavboratory aesignation. Exceptions
follow:

£.1.5.1.. Incident samples !see 2.3} mey be senl to any liaboratory xistcd
in this standard.

5.1.5.1.2 Other laboratories may be authorized by San Antouio ALC/SFTT.

r

5.1.5.2 The laboratories will return the samplers and test reports to the
contractor.

=4 1 1 4 2 T A~ -~ - P ol D —~ ey a = ~ 1 s P Yer vty A aAamnl o o -— >
Jeleded The contractor shall PLUVLdC a Liguid Oxygen Sumylcr TTU-131/E or
a Crvogenic Liquid Sampler FC3 2001 for 90-day periodic and orher requested
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samples.

5.1.5.4 Jamples shail be identified by AFTO Form 176 or DD Form 1222.
Trnrluada o2 camnlas miismkos amd cwmdme aAaf anmbeannids (dnddwddeenlln maman amd sbaea
AMdcauuce aG Saup/ac LUGWuUTL a iy yULllL Vi “vanLac o \+liddaviuual =4 dauc auu }JIIU <
numbel ) on the form.

5.1.6 Receipt of Liquid Aviator's Breathing Oxygen at contractor's
facilities. Testing of the supplier's shipping container is not required upon
receipt except when contamination is suspected.

5.1.6.1 bSampling location. Outlet port of the shipping container.

5.1.0.2 Tests. Tesl for odor according to paragraph 5.1.4.1. Test for
particles accordiag to paragraph 5.1.4.2.

5.1.6.3 Rejected shipping containers. When testing reveals the presence
of odor or particles in the contents of the shipping container, do not unlecad
the contents into storage. Percit unloading for disposal purposes only if the
shipment cannot bc returned. Immediately notify the QAR.

TABLE 1I{. Sampling and testing requirements 1/
T - wh 1ad < :
! Scurce iest wihen sampled See paregraph |
i
‘ Suppiier's | Odor and When contamination 5.1.8
shipping { particulate is suspected
contdiner ;
Storage Odor When odor 1is 5.1.7.2
tanks detected in
i .
: ] servicing trailer
i
!
]
i Purity, odor, Every 9C davs 5.1.7.2
and minor
i constituents
! Servicing Odor Afrer first fiiling 5.31.8.2 ‘
1 treilers eacn aay
| |
f 7
! : L ] ]
Aircraft As directed After incidents affecting 5.1.95
converters flying personnel 5.1.10
1/ This table is provided for reference only. See text for actual
requirements.

5.1.7 Contractor's Storage nks. Sample and test the storage tank as

follows:
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5.1.7.1  Sawpling Location. At the drain valve.

S.1.7.2 7Zests and frequencies. Tesl for odor if any servicing trailer
fiiled froc the storage tank contains an odor. Once every 9U days and whenever
contamination is suspected, a sample of the contents of storage tanks shall be
sent to a laboratory listed in Table 1 and selected according to paragraph
5.1.5.1. 1Identify saample by completing AFTO Form 176 or equivalent (DD Form
1222) and arttaching it to the saapler J{omit procurewent data). Be sure to
include a sample number and point of contact (individual's name and phone
number) on the form. The following statement snall be incl : .

o

remark:  Testing is reguired to determine if oxygen is within use limits
deflined by MIL-0IU-1551."7  sawples wiil be Lested 1our conformance to the use
limits specified in 5.1.2. Records shall be maintained for all 90-day samples.

= 7 1 VoY e - f N
.. h0 ador = None .
SoL. T ELY TR coment e of U mtarape taang 3hall o not osoned Uiy use

limivs specitied in paragraph 5.1.2.

1.7.4 Purging requirenments.

wn
v
.

,,
!

T e Canas whoood coutain product that ned o an odor or has exceedea lad

use limits sha.. be drained and purged according to the applicable technical

¢

AU L

S.1.7.4.2 Lrtorapge tanks snall be purged in accordance with applicable
technical manuals when both of the following conditions occur:

a. 1he storage tank has become empty due to evaporation of contents.

b. The storape tank has warmed o ambient temperature.

S.ilE servicing traclers.  saaple and rost o ocach servicing trailer as
IOLiows:

S...8.1 vawpling location. AT the grein valve.

S... 8.0 Iest anc Irequency. leet 10T 0g¢or in accordancc witn poragraph
Seleeci ammediately after first flllding each dav.

Saleded Duality contrvol caaredsents. wdon - None.

5.1.8.4 Purging requirements.

5.1.8.4.1 Servicing trailers which contain product that has an odor shall
be drained and purged according the applicable operation and service technical
manual. See 5.1.7.2 for sampling storage tanks from which trailer was filled.
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5.1.8.4.2 Liquild oxygen servicing trailers shall be purged in accordance
with the applicable operation and service technical manual when both of the
following conditions occur:

4. The trailer has becowe empty due to wvaporation of contents.

E. The trailer has warmed to ambient temperature.

5.1.8.5 Records. AFTO Form 134 shall be maintained on all liquid oxvgen
servicing trailers. These forms may be destroyed two weeks after the date of
the last recorded aircraft servicing.

9.1.8. 6 Yransfers. The content: of treilers shall not be returned Lo
storage.

5.1.8.7 Low use trailers. It is advisable to keep trailers containing
liquid oxygen to a minimum. Those trailers not required for current levels of
operation should be maintained in standby status. See the subsection on
preservation for storage and/cr shipwent it the applicable operation and
service technical manual. There are two reasons for this. Tirst, the low usc
viiich results when too many trailers contain liquid oxygen may allow

cOontEminaa s Lr II0T 040 e Ubdedd plabie aevels Jur LU seleCcllve evapoeration ot
o¥ygan. Sce paragrapht 90.0.  Swecond, servicing traixlers nave higher
evaporation rates than storage tanks and, as result, are less efficient
SlGTage ¢ontaliners. The above, therefore, affecis boilh quality cenirol aud

5.1.8.7.1 Definition. & low use trailer is one which was used to service
reit on less than 5 of the past 12 calendar davs.

5.4.8./.2 Wnen to fill & low use trailer. A low use trailer shall be
tilied before servicing aircraft if it was not fillec during the past two
celencar days.

5.1.6.7.5 Wnen Lo drain and fill a low use trailer.
shnall be drained and filled before servicing aircraft if i: was not drained
duriug the past 12 calendar davs.

A low use trailer

S.1.8.7.4 Dute on trailer araining anc¢ use for servicing may be obtained
froz the AFTU Form 134 Urainings snel.i be recoraec¢ in the remarks column of
tne form.

5.1.9% 4ircraft converter system. Sample, test, and purge the aircraft

liquid oxygen converter system as follows:

5.1.9.1 Sampling locatioa. At the drain vaive

5.1.9.2 Tests and frequencies. Test for odor in accordance with paragraph
5.1.4.1 as follows:

L
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5.1.9.2.1 As soon as possible after the report of in~flight odors by
alrcrews.

5.1.9.2.2 1In accordance with applicable aircr4aft manuals.

5. l 9.3 Purging methods and frequencies. In accordance with applicable
1 m als

5.1.10 Additional Air Force testing laboratories for Aviator's Breathing

Oxygen/air crew exposure incidents.

~

c Al 1N b PRI | N h P PO 5 T b PP | A S R o~ ) oo 4 C -— d oo d D e
JelelVU. i OE€I1Q Sdaupies LU Lhe daulledsds 1lisled LVElOw Ollly 1l dil dl1DbCadcudl/
accident hasg occurred and rhe oxvgen is suspected. The USAF QEHL can be
contacted through the Base Coumand Post after duty hours.
USAF OEHL/SAOC
Brooks AFB TX 78235-5000
$.1.10.2 If an incident/ accident h ccurred in the USAFE ares and the
oxygen 1s suspected a sample may be sent to the addr listed below.

WKasUY FE5600

ITO US Military Couwmunicty

Wizsbaden AS, APV New York (9457

ATTN: Eavironmental Bealth Laboratory
Bidg 10007, Lindsey AS

5.2 uality control requirements of Gaseous Aviator's Breathing Oxygen
h 9 &

AAAAAAAAAAA T4 d s~ Ao gl N e e e VT dmd &~ £ A - P Tk U] A
rKULLl(CU]ﬂ”L LiIWiI LS 1ine l'LUk ulr t"\l]t_“llk [ SN S TTE Sl AR PUI i :f At
, which include the zbsence of odor, for aviater's gaseous
oxygen are contained in specification MIL-0-2721i0.

5.2.2 Use limits. See Table IV.

w
¢t

.
(¥}

Supply sources of Gaseous Aviator's Breactning OUxyvgen (Type 1).

~

$.2.3.1 Oxvgen purchases from & commercial supplier must conform to
specification MIL-0-27210, Type I, and the basic contract. To meet the
reguirements of MIL- 0-27210 , tne foullowing shall be incliuded in the purchase
order or contract:

5.2.3.1.1 Preproduction and periodic production samples of the liquid
Avunaoan will ha ocoant A o lTakhnratarv lictad in Tahla T and aeaolortold sreardinoe
VA)bCll W oA A A o (= A =0 0 W “\w Q S OQUVAQLWVA e AO L N A dd A B WA A €A LINA [ O N QL iuaug
paragraph 5.1.5.1.

5.2.3.1.2 Samples shall be identified by aFTO Form 176 or DD Form 1222.
Include a sample number and point of contact (individual's name and phone
number) on the form-

p—t
[38]

-
o]
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5.2.3.1.3 A test report of quality conformance signed by a representative
of the commercial supplier shall accoupany each shipment. The report shall
contain purity, odor, moisture, and date of last periodic sample submission.

Table IV. Use Limics (Type I).

Odor . . + &« ¢« &+ ¢« + « +« o 4 + &« + &« « s« « « o « « . None
Purity (percent by volume) . . . . . . « . .+ « + « . 99.5 (min)
Carbon dioxide (ppm by volume. . . . . « .+ « + . . . 10 (max)
Methane (ppm by volume). . . . . . . . . . . . . . . S0 (max)
Acetylene (ppm by volume). . . . . . . . . . . . . . 0.1 (max) !
Ethylene (ppm by volume) . . ¢« . . « .+ .+« . . . . . 0.4 (max) r
Ethane and highsr hydrocarbons (ppm by volume) . . . 6 (max)
Nitrous oxide (ppm by volume). . . . . . . . . . . . &4 {max)
Halogenated compounds:

| Refrigerants {freomns, etc.) {(ppm by voliume). . . . 2 {(max)

[ Scolvenrs (trichlorpoethylene, carbon

% tetrachloride, etc) (ppm by volume). . . . . . . 0.2 (max)

I Other (ppm by volume). . . . S ¢ ] (max)

) Moisture (mg/liter at 70 degrees F and 760 mm Hg). . 0.005 (max)

i (ppm by voxumc). P - (max)

i (dewpoint, degrees F). . . N e v v .. =82 {max;

1

5.2.4 Requestec tests for purity and amounts of contaminants.

5.2.4.1 Samples, except incident samples (see 3.3), shall be sent to a
laboratory listed in Table I and selected according to paragraph 5.1.5.1.
Incident samples mavy be sent frowm anyv locacion to anv laboratory listed in this
standard.

5.2.4.2 Tne laboratories will return the samplers and test reports to the
contractor.

S

< nr'e Caocepunc Rroaorth
AV CT & sasedus oZre2athn

~
Upon receipt of product
"he contents of the cvlin
cviinder shalii be inspectec for tne

[Nl
O M mj¢

5.2.5.1 Proper painting and machking [see specification MIL-0-27210).
5.2.5.2 Valves are tightly closed.
5.2.5.3 Safety caps or safety plugs are leak-tight and secure.

5.2.5.4 Evidence of grease or oil on the valves or cylinders. Cylinders

with evidence of oil, grease, or dirt on the valve outlet threads or opening
shall be rejected and returned to the supplier for cleaning. Other external
cvlinder surfaces may be cleaned locally using apnrove ~rAanadicraa
A - kb ANAN S aaLT oD h-lli) e e A TR LIS LI A IJ \l‘L)lb <l I"l VoA lll‘.l\,(\‘\‘l T D
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5.2.6 Servicing trailers.

5.2.6.1 AFTO Form 134 shall be maintained on gaseous oxygen servicing
trailers. These forms may be destroyed two weeks after the date of the last

recorded aircraft servicing.

5.2.6.2 Before charging any aircraft oxvgen system, be sure that the
purifier cartridge has been changed within the prescribed interval. No more
than 16 gaseous oxygen cylinders shall be discharged through a single purifier
cartridge.

5-2.7 Processing of "empty” cylinders to be returned for refilling. Prior
to shipping "empty” cylinders for refilling, each cylinder shall be inspected
and processed as follows:

5.2.7.1 E£Ensure that cylinders are emptied to less than 25 psig pressure
but not less than 5 psig. 1f the cylinder pressure is already below 5 psig do
not repressurize. Closec the valve if 1t is open and ship the cylinder for
refilling.

5.2.7.2 Screw valve protection cap scecuvely on cylinders.

14
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6. NOTES

This section conteins information of a general

ature which may be helpful, but is not mandatory

Subject term (key word) listing.

Aviators

Contamination

Cryogenic liquid

Laboratories

Oxygen

Procurement limics

Properties

Quality assurance representative

Quality control

Sanmpling

Servicing trailers

Storage tanks

Tests

Use liwits

issue cf DODISS. When this standard is used in
B DODISS to o be applicable o otnie soliclitation muest

Lo

" C o 1
sciicitation (see 2.1.1).
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APPENDILX 4

Description, Properties, and Contamination of Oxygen

10 Scope. This appendix provides generval information on the description
and propercies of oxygen. 1t also provides information on sources and types of
contaminants in oxygen. This appendix 1is not mandatory.

20 Description and Properties of Uxygen. Oxygen can exist as a solid,
liquid, or gas dependlng upon the temperature and pressure to which it is
subjected. At mospheric pressure, oxygen exists as a solid at temperatures
Wn? mrs Ao ame Y mdm s e d e LY Apaavrance F /(970 Acaownmae MY Q~14 A4 oxXygen R
e lUWw Ll D MLLLLIB pLUitiit JUl ucytcoo \ 4L 1O UTELTCD V) . [SAV S S AN Varyg©ii LUl o
into a liqguid at its melting point and remains in this state until the
temperature rises to its boiline point, -287 degrees F (-183 degrees C). at
the latter temperature, liquid oxygen vaporizes into the gaseous state.
Conversely, gaseous oxygen will turn into liquid, at atmospheric pressure, by
cooling to a temperadature below =297 degrees F. By increasing the pressure,
gaseous oxygen can be liquelied at higher lemperatures, up to its critical
temperature -1R? dasrose F (=110 doorwac ) Ovvoen will nat rcondence to 2
temperature, -l82 degrees (-119 degrees ). Oxygen will neot condense to a
liguid &at temperatures above its critical temperature regardiess of the

—

pressure applied. The pressure required to liquefy oxygen at its critical
lemperature is KNOWH d48 118 criticas pressure, 3.5 psia. Tne application of
hign pressure and u.tre low temperatures to convert gases into their liguid
state 1t known as the science and technoiopy of crvogenics. Ligquid oxyvgen is a

B Y S SE
ST yLgeiial S AUl

30 sScurce of Oxvgen. Alr, wnich contains about 2. percent oxygen DV
volune, is the source of liquid and gaseous oxygen. Air 1is compressed and
cooled to iiquefaction, whereupon the liguid oxygen 1is scparated by
distillation and taxkeu off as liquid product or gasified for gaseous product.

40 Physical Properties of Oxvgen Gasescus oxygen is colorless, ocdoriess
tasteless, z#nc about 1.1 rimes as neavy as air. Liquid oxvgen is an extremel)
colcd (approximacely 393 degrees below body temperature) pele blue fluid, which
flows like water. OUne gallon of liquic weighs $.5319 pounds which is
approximately ..14 times the weigh: of one gailon of water. (See Table 1V.)
Liquid oxyger is stored and handied 3t atmospheric pressurc in well insulated
containers which maintain the licuid af its beiling point. Therefore, ligquid
orvgen 18 &iwsvys boiling as 1t slowly turns Ints gesegus ouygen. as the
expanding gas from the boiling ligquic increases in amount, 1t bullids up
preSsure WilLaln The contalner. Thercoioro, nhd C\IDS'DC].BE gac TUsST be ventec C
the ctmosphere, because conllnewent 1s butin dangerous and impractical. Wner
{he coic and coloriess gas is vented o tne aimosphere, it produces & fog as 1t
immediately condenses moisture and carbon dioxide in the air.

50 Chemical Properties of Oxygen. Oxygen 1s a very reactive material and
combines with most of the chemical elements. The union of oxygen with another
substance is known as oxidation. Extremely rapid or spontaneous oxidation is
known as combustion. While oxygen in non-combustible in itself, it strongly
and rapidly accelerates the combus

ion of all flammable materials; some to an
i

t
cxplosive degree.  Owxygen, as supplisd, containe s mintmam of 49,5 percent hy
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volume of pure oxygen. The remaining 0.5 percent consists principally ot
argon, plus various organlc and inorganic compounds in amounts measurTed in the
parts per wmillion range.

Table V. Oxygen weight-volume cguivalentls.
MASS LIQUID VOLUME AT BOLLING POILNT GAS VOLUME AT ONE
~ _ _ ATMOSPHERE aND 70 F
Grams Pounds lLiters Gallons Cubic Feet Liters Cubic Feet
i
1.000 0.002205 0.0008766 $.0002316 0.00003090 ! 0.7540 0.02663
453 .6 1.000 | 0.397¢ ¢.1050 0.01404 | 342.0 12.08
ilal.y 2.5i5 1.000 U.2ubl J.03522 ‘ 3u0.11 30.38
4318.0 9.519 3.785 1.000 6.1337 . 3256.0 115.0
32300.0 71.21 28.32 7.481 1.000 ; 24355.0 860.1
1.326 0.002924 0.001163 0.0003072 0.000041061 1.000 0.03532
37.55 G.08280 0.032s82 0.0608697 0.001163 | 28.312 1.000
! ]
6C  Contaminants and Contawinatiocu. Liquid oxygen as produced by

generating plants contains contaminants which are not completely removed by the
generating process. Atmospheric air from whlew liguld oaypen 1s geteldlew oo

the primary source of contamination. An additional source 0 CoOntaminailiou 1is
the compressors and other eguipment of the generating plants. Airberne
contarinants and those added by the generating plants are partialily removed by

a system of filters, absorbers, driers, and heat exchangers before the air is
finally liquefied. When the liguid oxygen separates from the liquefied air, it
carries with it those contaminants which are not completelyv removed. The
variety and quantity of contaminants which separate with the product depend on
how effective the removal has been during the generating process. Generating
m

nlants are designed to remove conta
g r a

inarion to the lowest limits possibie for

safety of operation and for quality of product. The contamination limits of

oxygen produced by any generating plant for breathing oxygen are specified as

procurement limits. FProcurement limits (MIL-C-2721C) and the ultimate use

limits (paragraph 5.1.2) of contamination are based on ithe types anc
n Ont

sigrnificance of contaminants, ané the sources of increasing contamination in
liguid oxygen during storage, handling, and ctransfer. Procurement anc use
limite of contamination for gaseous aviator's breathing oxyvgen are the sawme.

7C.1 Hvdroucarboas. These contaminants are preseat in atmospheric air, and
are uwisc addec by tne compresscrs anc¢ other eguipment of The gemeratiag plant.
They are only partially removed bv the low temperature hydrocarbdbon absorption
purifiers of the generating plants Those which separate with the liquid

oxygen are called light hydrocarbons because they countain four carbon atoms or
less, such as methane, acetylene, ethane, propane, and butane. Heavier
hydrocarbons are removed to insignificant concentrations in properly operating
plants. However, through mistakes, carelessness, or breakdown of equipment

during storage, handling and transfer of liquid oxygen, heavy hydrocarbons can
Cause cuntamindlion in the fora of solvents, olls, greases, or fumes.  The
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presence of hydrocarbons in liquid oxygen constitutes a potential fire and
explosion hazard. The hazard increases during storage and handling because all
of the common hydrocarbon contaminants are less vola:ile than liquid oxygen
and, therefore, increase in concentration. 1f either the solubility liwmit or
the lower flammability limit of a hydrocarbon is exceeded, the condition is
especially hazardous. 4 source of ignition can initiate a fire or explosion if
the hydrocarbon is present in sufficient concentration to sustain combustion.
Ignition sources can be static electricity, mechanical and fluid friction, and
shock waves introduced by impact. Whenever a hydrocarbon is present in
quantities greater than its solubility 1n liquid oxygen, 1t separates out of
the liquid as a solld Even the smallest grain of hydrocarbon solid in liquid
- d b on

. o
rain ble igpniticon. Although

uita
. a Qoll ction of such

= o0

become its own source of ignition.

70.1.2 Significance in Aviator's Liquid Breatniung Oxygea. Hydrocarbon
contaminants in liquid oxygen create addition to their potential fire and
Y
i

1

[
o]

~Ad mbhwadalandianl hasardas F~
UG physSioivxilad nazaras co

o
o
¢l

VL.l

O

explosion hazards, potential p gical 3
sircrews when liquid oxygen is used for bdbreathing purposes. Depending upon the
type and concentrations of hydrocarbons, psychologically, the effects may be
uneasiness, apprehension or possibie panic, resulting from detecting their
presence by odor; physiologically, the etffects may be nausea, illness,
intoxication or possible asphyxia.

70.2 Iner

r UAldde T™
v o0l aAUDS e i

e nants are cla fle
because in the coucentration iv encountered they do not create a fire
and explosion hazard when thcy react with oxygen, and to distinguish them from
nvdrocarbons, which become salids when their solubility limits are exceeded.

Inert solids consist of three distiact forms:

w

no
. e si

70.2.1 Parciculate Matter. Tnese sclids consist of rust, metal fragments,
dust and fibers derived from the equipmen: or the environment of the liquid
oxvgen supp.y Systen. These contaminante are solide at normal temperactures as
well as liquid oxygen temperature

706.2.2 Moisture. In its liquid or vaporous form, moisture condenses to

ice on contact with liquid oxygen or with the cold surfaces ol equipmen
Atmospheric moisture is an ever present source of contamination.

70.2.3 Carbon Dioxide. This contaminant is slightly soluble in liquid
oxygen but separates out of liquid oxygen as a solid when its solubility limit
is exceeded. Inert solid contaminants in liquid oxygen are hazardous for a
number of reasons. First, they may causc mcchanical malfunctions or failures.
Second, they wmay cause plugging of filters, lines njectors, valves, etc.
Thitd, they may t 1*y

ric

(g B4

C elec

e

accumuliate L.udlbt"a of sta

18
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80 Toxic and Udorous Contaminants. The odorous and toxic characteristics
of hydrocarbons have already been discussed. In addition to the hvdrocarbons,
there are other contaminaots which, if preseat in aviator's liguid breathing
oxygen, may also affect the mental and physical well-being of aircrews. In
particular, these contaminants are nitrous oxide and chlorinated hydrocarbons.

90 Sources of Contamination.

90.1 1Initial Contamination. The initial coutamination of liquid oxygen in
the generating plant increases continuocusly after geperatio o

contaminants are concentrated by the evaporation of liguid I
process of increasing countamination is accelerated if concaminaan are
introduced during storage, handling, and transfer operations, all of which are
tial sources of increasing contamination. The added contamination of
compounded each time contaminants are introduced.

ore
£ 3 W
blem of controll b

i nan
oxveern passes through the aviator's h
The problcm ls increased by the potential toxicity and lower maximum limits of
contaminants in liquid oxygen. Thus, an acceptable concentration of
ontamivants ia liquid oxygen as geneLaLed or procured can increase to a point
i nreaten tne gafety or reliabilirc y of the mission. Therefore,
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igher quality of aviator's breathing oxygen to
se of contamina limits. This margin of

provide & margin for errer c¢r for unexpected coutaminzriorn, an
ould not relax their vigilance iz quality comtrol against the ever
nt source of increasing contaminatiorn of liquid oxygen.

ot

casing Concentras
n 1i n

rt
s
[ B e]

t n Du
nuid oxygen al
amount of liquid decreases. Thi
contamination is intensified by "cool down vaporization lesses ass
liquid transfer operations. Concentracion of contaminants will inc
po

approximate proporzions te the amount by liguid oxygen loss by va

3y

: vz
1]
<
m

90.2 Handling and Transfer Operacions. These operations are a continuing
source of increasing contamination by tontaminant addition. The types of
]

contaminants range from dust and dirt tc molsture and cerbon dioxide and other
atmospneric constituents. Whenever transfer operations reguire the connectior
or disconnection of s transfer line, the opportunity for 1ntroducing addicional
coniamination arises. At che cime of connecciog, atmospne 1l contaaxinants or
dust and dirt may be ira ” section of the transfer linme, to be carried
into the supply svst 2} : kg i
atmospheric contamination may become deposit
equipment, ready to enter the rest of the system during the next
operation. Field and laboratory experiments have shown that strong convective
currents are formed by the density difference between cold oxygen vapors and
warm ambient air. As the cold, denser oxygen vapors flow out of the low points

of cold trausfer equipment the warm, less dense air flows in at the high

q > ,
points, depesiting moisture and other condensables in the form of fraost. Both
machanisms of tontamination can be vontroiled S5y strvict adhercnce to
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procedures. The trapped portion of the atmosphere may be removed by adequate
purging before transferring, and condensables may be prevented from entering
cold transfer connections by allowing the connections to warm up before
disconnecting. The making and breaking of transfer connections should be
accomplished as quickly as careful handling will permit.

90 ces of increasing contamination of liquid oxygen
frou equipment arc variable both as to time and origin. Long-term
detericration of mwechanical equipment must be expected. The wmoving parts of
valves and pumps will wear and contribute to particulate contamination. Oth er
sources of potential contamination are the solvents and solids which may

from repair or cleaning operations. Strict adherence to waintenance cycl

+ —

procedures for the servicling egquipment mus

y.

1
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oD
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100 Contaminants and Contamination of Gaseous Aviator's Breathing Oxygen.
Prior to acceptance by the contractor, gaseous aviator's breathing oxygen and
cvlinders are inspected to determine compliance with contractual requirements.
Tests which are required prior tc shipment are performwed at the suppl

facility by supplier personnel. TIrace contaminant
1it

Z¢
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e an

m
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O w
"o
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P.S

<
@ on o

ies at !v.l*'ua] t a 1
e at quality will continue so long as a
is maintained witnin Lne Lvllnuer under wurmal storage LODdLLlO ns .
Consequently, retesting of the oxygen at periodic intervals during storage is

not necessary.

110 Periodic Sample. The purpose of the periodic sample 1s not to
determine the exact ccmpesition of each shipment of aviator's breathing oxygen.
It ide data that cach generating facility is capable of

s purpose is to prov
upplying good product and that subsequent operations have not changed the
product radically. Small variations from the procurement or use limit are not
physiologically critical but are indicators that demand a return to the

]

originally good product. The liquid oxygen periodic sample from the base
siorage tanks provides information that the tanks are clean and capable of
maintaining the ABD at an acceptabie level of quality.

120 Sampiing. Sampling 1s regquired in order toc obtain a small portion of
a large quantity, and it is the most imporiant operation in preparing for the
analysis of oxygen. Great care should be exercised in selecting the portion of

thne whoie so that it will Tepresent thne mposition ¢f the sampled storage

container. The best analvsis can be compl etely invalidated by poor sampling.

Custodian: Preparing Activity:
Air Force - 68 Air Force - 68

(Project 6830-F124)

20
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***TRUCTIONS: In s continuing effort to make our standardization documents better, the DoD provides this form for use in
litting comments and suggestions for improvements. All users of military standardization documents are invited to provide
uggestions. This form may be detached, folded along the lines indicated, taped along the loose edge (DO NOT STAPLE), and
nailed. In bloek 5, be as specific as possible about particular problem areas such as wording which required interpretation, was
00 rigid, restrictive, loose, ambiguous, or was incompatible, and give proposed wording changes which would alleviate the
sroblems. Enter in block 6 any remarks not related to a specific paragraph of the document. I{ block 7 1s filied out, an
icknowledgement will be mailed to you within 30 days to let you know that your comments were received ancC are being

onsidered.

VOTE. This form mey not be used Lo request copies of documents, nor tc request waivers, deviations, or clarification of
ipecification requirements on current contracts. Comments submitted or this form do not constitute or imply suthorizstion

.0 waive any portion of the referenced document(s,) or Lo amencé contractual requirements.
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