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tubing used in aviators' breathing systems. Tests were conducted to detect
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INTRODUCTION

) Aluminpum transfer tubing used in the oxygen breathing system aboard aircraft

has been free of chemical coatings as specified in reference (a). Recently
an aircraft msnufacturer has used chemically treated sections of aluminum
tubing in the liquid oxygen system aboard the F-14. Since specific infor-
wation was not available on the possible effects which liquid oxygen may
have on chemically treated aluminum surfaces and the resulting quality of
the pilots' breathing oxygen, it was decided to determine if residuai
deposits, gaseous contaminants and adverse surface structural changes could
be anticipated. .tomic absorption, infrared analysis and electron micro-
scopy were used to study the effects of pressurized liquid oxygen flowing
through untreated, chromic acid anodized, and chromate conversion coated
aluminum tuding.

MATERIALS AND TEST PROCEDURES

Three l-foot lengths cf aluminum tubing, 606/1-T6 (MIL-T-~7081) HYD ¥ in. I.D.
by 1/16 in. thickness with connectoxr fittfugs, were traated in accordance with
the requirements of MIL-C-5541B (referenc: (b)) so that a chromate conversion
coating was obtained on the interior and 2xterior surfaces of the tubing.
Three additfonal lengths of tubing from thi same source as the above stock
were treated in accordance with MIL-A-36:3¢, Type I, (reference (c)) to
obtain a chromic aci{d anodized coating o .hWe iu.erior and exterior surfaces
of the tubing. A length of "untreated" aluminum tubing from the same base
stock was used as a control,

The sections of chromate conversion ccated tubing were then assembled and
connected to the outlet valve of a 500 gallon liquid oxygen (LOX) storage
tank., The tank was pregsurized ‘o approximately 10 1lbs. to produce a con-
tinuoue flow of LOX through the tvangfer tubing for 10 minutes, The LOX was
collected in a 4000 ml, glass beaer,

‘Upon fillt{ag, the beaker was removed and replaced by a Navy G-276 LOX Sampler
Cylinder. A LOX sample was collected for analysis of contaminants in the
gaseous state by infrared specirophotoxetry.

The sections of cransfer tubing were then disconnected and fmmersed in the
beaker of collected LOX for one hour, until evaporation was complete, The
residue was retained for analysis by atomic absorption spectroscepy.

The same procedures were repeated with the chromic acid anodized tubing and
the untreated f{control) tubing.

“Preceding page blank
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ANALYSIS AND RESULTS

1. Chromium by Atomic Absorpticn Spectroscopy

A nmeasure of the chemical inertness of the chromate conversion and chromic
acid anodize coatings would be indicated by resistance of these films to the
severe solvent and abrasive action of 1ligquid oxygen under the test conditions.
I1f leaching occurs tha presence of chremium in the LOX reaidues would be
expected, The residues, therefo:ze, were transferred from the collection
beakers by washings with demineralized water and dilute hydrochloric acid
into volumetric flasks for analysis by atomic absorption spectroscopy.
Standard soluticns of chromium were prepared for calibration. The analytical
conditions vere as follows:

INSTRUMENT: Perkin-Elmer Model 303

HROLLOW CATHODE IAMP: Chromium
WAVELENGTH: 3579A

FLAME: Air-Acetylene

SENSITIVITY: 0.1 PPM Cr for 1% Absorption

RESULTS : SAMPLE % CHROMIUM FOUND
Chromate Conversiop Czating None detected
Chromic Acid Anodize Coating N&ne detected
Untreated None detected

2, Gaseous Ccntaminants by Infrared Spectrophotometry

The samples of LOX collected in Navy G-276 Sampler Cylinders under the con-
ditions of test were analyzed by infrared spectrophotometry for the presence
of gaseous contaminants as specified in specification MIL-0-27210C (refereace -
(d)). "The presence of unusual infrared absorntion bands not normally en-
countered in specification grade LOX would be inudicative of contributions by
the chemically treated transfer tubing.

RESULYS OF ANALYSXIS: No unusual contaminants were detected.

3. Surface Examination by Electron Microscopy

The following conditions were represented by samples of tubes:

a. Untreated; unexposed

b. Untreated; exposed to LOX

¢. Chromic acid anodized; unexposed

d. Chromic acid anodized; exposed to LOX

e, Chromate conversion coating; unexposad

f. Chromate conversion coating; exposed to LOX
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These were cut lengthwise and the interior surfaces revliicated Yith two per=
cent solution of collodion. These replicas were then shadowed with chromium
followed by vapor deposited carbon. The collodion first repiicas -were dis-
solved with &cetone gnd the remsining chromium-carbon replicas were examined
in the electron microscope at magnification up to 36,000X, and then photo-
graphed at 12,000 magnificatfon. Figure 1 rhows electron micrographs of the
interior surfaces of the tubings. Photos A and B show the interiox surface

of the untreated aluminum tubing before and after subjecting to 10X,
respectivily, No structural differences were observed beiwsen the two speci-
nens, Photoe C and D show the iaterior zurfaces of the chromic acid anodized
tubizg before snd after subjecting it to LOX., Examination of many areas, even
up to 36,000X, gave only minor evidence of a smoothing of some of the asperities
on the surface of the tubing subjected to the LCX. These differences are not
apparent in ohotos € and D, Photos E and F ghow the interior surfaces of the
chrowium conversion coated tubing before and after subjecting it to LOX. A
viszble difference was observed in the smoothing effect of oxygen on the _
rov:ighness of the chromate conversios coating. The change in surface smooth-
ness, however, did not adversly atfect the quality of LOX being transferred7

CONCLUSIONS
From the foregoing studies it is concluded that:

1. Liquid oxygen had no detrimental effects on the chemically treated
aiuminum transfer tubing.

2, The chemically treated tubing did not adversely affect the quality
of the breathing oxygen.

3. No advantages in using chemically treated transfer tubing were
apparent,

RECOMMENDATIONS

It is recomm.nded that there be nc mandatury requirement for use of chemically
treated z2lurinum ¢ransfer tubing in the liquid oxygen systems of naval air-
craft, Exfsting systems which use chemically treated tubing, however, may
continue to be used effectively.
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