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NOTICES

When Government drawings, specifications, or other data are used for any
purpose other than in connectiou with a definitely related Government pro-
curement operation, the United States Government thereby incurs no res-
ponsibility nor any obligation whatsoever; and the fact that the Government
may have formulated, furnished, or in any way supplied the said drawings,
specifications, or other data, is not to be regarded by implication or other-
wise as in any manner licensing the holder or any other person or corporation,
or conveying any rights or permission to manufacture, use, or sell any
patented invention that may in any way be related thereto.
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FOREWORD

This report was prepared by Astropower Laboratory, Advance Systems

and Technology, Missile and Space Systems Division, Douglas Aircraft
Company under Air Force Contract F04611-67-C-0033. The contract was
administered by the Air Force Rocket Propulsion Laboratory, Research and
Technology Division, Air Force Systems Command, Edwards Air Force
Base, California, with Lt. Ralph Fargnoli as Project Engineer.

This report covers work done on the halogen passivation studies during
the period frorn I February 1967 to 30 April 1967. The report was pro-
pared by W. A. Cannon and W. D. English, utider the supervision of N. A.
Tiner.

Publication of this report does not constitute Air Force approval of the
report's findings or conclusions. It is published only for the exchange and
stimulation of ideas.

W. H. Ebelke, Colonel, USAF
Chief, Propellant Division
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ABSTRACT

This progress report covers experimental work accomplished during
the period I February to 30 April 1967. During this time experiments were
carried out to further define the reactions of typical system organic con-
taminants on metal panels with fluorine in the passivation process. Tests
with fluorine at 50 psig showed greater reaction than at 15 psig but complete
removal did not occur. All residues from passivation treatment of organic
contaminants are impact sensitive in LF; some react spontaneously and
violently with LFz. Dye penetrant residues in porous cast aluminum are
impact sensitive, and are not removed by usual cleaning techniques. Addi-
tion of a vacuum bake-out step in the cleaning procedure followed by GF2
passivation does render the residues insensitive to impact in LF2 . Tungsten-
contaminated aluminum (simulating tungsten inclusions in welds) is impact
sensitive in LF 2 . GFz passivation reduces the sensitivity to apparently safe
levels, but the optimum passivation conditions have not been determined.
Secondary corrosion of F 2 -passivated metals in a high-humidity atmosphere
containing a low level of HF is greater than corrosion of unpassivated speci-
mens of the same metals. Gases adsorbed in the passive film on metals are
being studied by analyzing products desorbed under various conditions.
Fluorine, hydrogen fluoride, oxygen and nitrogen are prominent. Conditions
for complete desorption have not been defined.
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SECTION I

INTRODUCTION AND SUMMARY

This is the second quarterly progress report on Contract No. F04611-
67-C-0033. It covers work done from 1 February to 30 April 1967. The
major objectives of the contract are (I) investigating methods for producing
the most suitable passivation films on various alloys to be used for fluorine
services; (2) testing effectiveness of passivation procedures on system
components; and (3) preparing detailed procedures to obtain the most du-
rable passive surfaces for fluorine service.

The work has been divided into four phases as follows:

Phase I - Passive Surface Investigation
a. Role of Contaminants
b. Residual Fluorine
c. Mechanical Stability

Phase 11 - Analysis of Passivation Methods

Phase III - Testing of Passivation Methods on Components

Phase IV - Recapitulation of Methods and Prepatration of Design
Guide for Simple Systems

The major technical effort during the second quarter has been in Phase
I. Studies of fluorine reactions with potential system contaminants have
been continued. It has been shown that gaseous fluorine passivation at
room temperature and at pressures up to 50 psig is ineffective for removing
gross organic contamination from metal substrates. Impact sensitive res-
idues are left on organic contaminated metal surfaces exposed to fluorine
gas at one atmosphere pressure at room temperature. Minor amounts of
organic residues left in porous cast aluminum (grade III porosity) from dye
penetrant Lnspection are apparently removed satisfactorily if the cleaning
procedure includes a vacuum bakeout at 105 0 C (220 0 F) for 18 hours fol-
lowed by passivation in fluorine. No impact sensitivity in liquid fluorine
was found for 20 specimens so treated.

STungsten-contaminated aluminum surfaces are impact sensitive in
+x liquid fluzorine. Five reactions were noted for 12 specimens. After pasti-

vation in gaseous fluorine, only 1 oat of 18 specimens reacted when im-
pacted in liquid fluorine.

Studies have been started on measuring corrosion resistance of passive
metal surfaces to aqueous HF vapor. In two aeries of experiments with

'•2! "
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2014 aluminum, Monel 400, nickel 200, 316 stainless steel, and copper
slightly greater corrosion was noted if surfaces were prepassivated in
fluorine gas. The difference with cppper was negligible.

Residual absorbed gases from fluorine-passivated surfaces were ana-
lyzed with the Aerovac analyzer. Oxygen, fluorine, HF, and nitrogen were
prominent in the desorbed gases as well as an unidentified con-tituent
apparently present in the fluorine. Very little water vapor was desorbed
from the surfaces.

Preparations have been made for making mechanical stability tests of
passivated bellows specimens. Modifications of the bellows test apparatus
were necessary to insure safe operation and reliable results; these modifi-
cations have now been completed.
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SECTION 11

EXPERIMENTAL

1. REACTION OF GASEOUS FLUORINE WITH TYPICAL SYSTEM
CONTAMINANTS

Investigations of fluorine gas reactions with typical system contaminants
have been continued. Additional experiments were carried out by continuously
weighing the contaminants while exposing them to flowing fluorine gas. The
controlled environment balance especially developed for this purpose is des-
cribed below.

In view of the relatively slow reactions between gaseous fluorine and
typical system contaminants at one 3tmosphere and room temperature, addi-
tional exposures at higher presE ures - up to 50 psig - have been carried out.
Future plans for conducting exposures "o 200 psi5 and 200u'LF are being
formulated.

a. Exposure of Organics in Controlled Environmental Balance

The controlled environment balance provides for continuously fol-
lowing the weight change of a specimen while it is exposed to flowing fluorine
gas. It consists of an Ainsworth single pan analytical balance with a
platinum chain hang-down extending through a vertical tube into a cylindrical
reaction chamber. The chain terminates in the chamber and supports a
specimen pan. Fluorine gau is fed into the chamber at the bottom and is
exhausted at the top through a side arm in the vertical tube through which
the platinum chain hangs. This rrrangement insures that relativoly little
fluorine gas escapes from the chamber; what does escape is exhausted
through the fume hood enclosing the balance assembly. A system of baffles
inside the chamber prevents direct impingement of flowing gas on the balance
pan. Samples are placed on or r.smoved from the pan through a gattl,:u,,d
closure on the front of the chamber.

Figure 1 gives results for exposing separate samples of petroleum
jelly. Pydraul AC, and polyurethane foam to flowing gaseous fluorine in the
apparatus at ZS°C (77 0 F). With a flow of fluorine into the chamber of 50
ml/min and with a total chamber volume of 400 mi. several. minutes are
required for the fluorine concentration to build up to a high level as air is
displaced. This probably accounts for the delay in the weight increase
shown for the polyurethane specimen. After the initial delay. the specimen
showed a continuous gain in weight but at a decreasing rate for the period
of exposure. A total weight increase of approximately 13 mg for a specimen
of initial weight of 49 mg was observed.

Pydrau. AC. 350 mg. was exposed in an alumim-,n cup (I inch
diameter). After approximately 45 minutes during which a shallow minimum

3
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in theweight was observed, the specimen weight gradually increased and
was -still going up aft.-r the experiment was terminated in 150 minutes. At
this timne the Pydraul AC had gained approximately 7 mg as shown in Figure
I.

Petroleum jelly, USP, spread as a thin smear on a one-inch square
304 stainless steel sheet, did not change weight appreciably during 150
minutes exposure in the test apparatus (see Figure 1).

These experimente serve to confirm observations reported pre-
viously (Reference 1) cor cerning the relatively slow reactions between
gaseous fluorine and typical system contaminants at one atmosphere and
room temperature.

b. Exposure of Organics to High Pressure Fluorine

Several organics were exposed to fluorine at 50 psig and at 25 0 C
(770F) to compare with results at one atmosphere pressure. The data are
summarized in Table I. Although substantially greater reaction is ob-
served compared to one atmosphere pressure, reactions do not yield com-
pletely volatile reaction products in any case. One of the two petroleum
jelly spe:imens ignited, while both polyurethane samples ignited. Samples
which ignited left carbonaceous residues. Pydraul AC formed semisolid
residues with substantial weight increase during exposure. These various
residues will be tested for reactivity in LF 2 using the ABMA impact tester.

e. Infrared Analysis of Organic Residues

Infrared spectra were made of residues from the reaction of gaseous
fluorine with petroleum jelly USP and Pydraul AC. Spectra from one-hour
exposure times at one atmosphere pressure are shown in Figure 2, a and b.
These spectra are identical with the materials before exposure, hence it i !
concluded that reaction with fluorine has not proceeded far enough to yield
detectable quantities of products. The samples exposed to fluorine at 50
psig show evidence of considerable C-F bond formation as shown in the
spectra of Figure 3, a and b, for ore-hour exposure of Pydraul AC and
24-hour exposure of petroleum jelly USP. (The one-hour exposure sample
of petroleum jelly USP was not available for analysis because it ignited
during the test.) The C-F bond is indicated by the broad absorption band
between 7. 7 and 9 microns.

2. IMPACT SENSITIVITY OF ORGANIC RESIDUES FOLLOWING
PASSIVATION

Type 316 stainless steel impact specimens (discs, 5/8" diameter by
0. 016" thick) were individually coated on one side with the following organic
contaminants.

a. Petroleum jelly, USP

b. KEL-F 90 halocarbon grease



TABLE I. EXPOSURE OF ORGANICS TO
HIGH PRESSURE FLUORINE

(50 psig, 77 0 F)

S-iLnitial
Sample Weight1-Hour Exposure W Change ___ Observation

Petroleumn Jelly USP 0.0575 -0. 0548 -95 Carbon residue

] KEL F-90 0.0503 -0. 0009 -2

Pydraul AC 0.0497 +0.0123 +25 Semi-solid residue

Polyurethane 0.0496 -0.0353 -71 Carbon residue

24-Hour Exposure

Petroleum Jelly USP 0.0484 +0.0237 +49 Solid film residue

KEL F-90 0. 0427 -0.0113 -26 Oily residue

Pydraul AC 0. 0528 +0.0243 +46 Brown solid residue

Polyurethane 0.0537 -0.0410 -76 Carbon residue

Petroleum jelly USP and KEL F-90 grease spread on 0. 5" x 2"
304 stainless steel panels. Pydraul AC and polyurethane foam
contained in ABMA aluminum impact cups (1" dia x 3/4" high).

6
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c. Acrylic lacquer

d. Polyurethane foam insulation

Contaminant coating was held. as nearly as possible to 50 rrg per
square inch (15 mg per specimen). After applying organic contaminants,
the specimens were exposed to a simulated passivation cycle of one-hour
exposure to gaseous fluorine at one atmosphere at 25 0 C (77 0 F). Following
passivation, specimens were impact tested in the modified ABMA tester in
liquid fluorine at -195 0 C (-320 0 F) at 72 ft-lb energy level (Reference 2).
All impacts yielded reactions ranging from moderate to extreme, indicating
that all organic residues were impact sensitive. The data are summarized
in Table II.

One of the two petroleum jelly coated specimens and one of the two
acrylic lacquer coated specimens reacted violently in the liquid fluorine
before actual impact. Reactions occurred spontaneously after about 5
seconds contact with liquid fluorine. Neither the KEL-F 90 nor the poly-
urethane foam contaminated specimens reacted prior to impact. It should
be mentioned that the specimens are cooled to -320°F (LN2 temperature)
before the LF 2 is added.

3. IMPACT SENSITIVITY OF DYE PENETRANT RESIDUES

Cast aluminum impact specimens (discs, 0. 040" thick by 5/8" diameter)
were machined from an A356 aluminum billet of grade III porosity. Speci-
mens were exposed to dye penetrant inspection using Shannon Glow P138A
water-washable penetr. t . A normal rinse with water was used for removing
dye penetrant. After drying, all specimens were vapor degreased in
Genesolve D. Fluorescent residues were still present on all specimens
after vapor degreasing. These could be detected under low power magnlfi-
cation with ultraviolet illumination. Some of the samples were exposed to a
vacuum bakeout at 105 0C (220 0 F) for 18 hours after vapor degreasing.
Fluorescent residues could still be detected after vacuum bakeout but the
number of fluorescent spots was reduced.

Previous work in this laboratory (Reference 3) has shown that A356
cast aluminum with grade III poroity fails to pass impact tests in liquid
fluorine at -320°F when subjected to Penetrex ZL-Z2 dye penetrant inspec-
tion followed by the cleaning and bakeout procedure described in the pre-
ceding paragraph. (Shannon Glow P138A used in the current investigation
is the equivalent of Penetrex ZL-22. The latter was no longer available for
use.) The bare metal, unexposed to dye penetrants, is stable in LF 2 impacts.

In the current investigation, after passivation in gaseous fluorine for
1 hour at one atmosphere pressure at 250C (77 0 F), no reactions were ob-
tained in 20 impact specimens in liquid fluorine at -195oC (-3200 F) using
the modified ABMA test at 72 ft-lb energy (Reference 2). One out of six
specimens passivated in gaseous CTF for 1 hour at one atmosphere pres-
sure at 250 C (77 0 F) reacted on impact and one out of six passivated in

I9
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TABLE II. IMPACT SENSITIVITY TESTS
PASSIVATED ORGANIC CONTAMINANTS

Oxidizer - LF2

Samples - Coatings on 316 Stainless Steel

Ambient Temperature - 54°F, Test Temperature -320OF

Atmosphere - Dry GN 2

Impact Energy - 72 ft-lb

Drop Type of Reaction

No. Sample Extreme Moderate Faint None Remarks

1 Blank x

2 KEL-F 90 x

3 KEL-F 90 x

4 Petroleum Jelly x

5 Petroleum Jelly x Reacted before . *

impact
6 Acrylic Lacquer x

7 Acrylic Lacquer x Reacted before
8 o raimpact
8 Polyurethane x

S9 Polyurethane x

10 Blank x

10

7 - .



gaseous fluorine after normal cleaning, but without the vacuum bakeout,
also reacted. The results indicate that fluorine gas passivation is effective
in eliminating the impact sensitivity of minor residues of dye penetrants
when the cleaning cycle includes a vacuum bakeout treatment.

4. IMPACT SENSITIVITY OF TUNGSTEN-CONTAMINATED SPECIMENS

Inclusions such as those that might be introduced by electrode sputter-

ing in TIG welding were simulated by plasma spraying a mixed alumi'num.
and tungsten powder onto A356 cast aluminum impact specimens. Layers
of slightly less than 0. 002-inch mean thickness were produced. Three dif-
ferent concentrations of tungsten powder (1%/6, 3%6, and lrfe by weight) were
studied.

Examination of the specimens by means of a stereo microscope (30X)
showed that tungsten grains were definitely present and identifiable in the
aluminum coating matrix. The tungsten appeared darker in color, and the
crystal grains had much sharper angles than the aluminum, which had
partially melted.

The -specimens were divided; half were 9assivated in gaseous fluorine
at one atmosphere pressure for I hour at 25 C (77 0 F). Five of twelve un-
passivated specimens reacted on impact in the ABMA tester in liquid fluo-
rine at -195 0 C (-3200 F). Only one of eighteen passivated spcclmens reacted
on impact. The data are summarized in Table III.

The results indicate that tungsten particles are impact sensitive in LF
and that they become materially less so after passivation. More tests will2

be required to establish if passivation alone can render tungsten contamina-
tion safe.

5. CORROSION OF PASSIVATED SURFACES

a. Procedure

Corrosion test coupons (1" x 3") of 2014 aluminum, Monel 400,
nickel 200, 316 stainless steel, and copper were passivated by various
techniques, then exposed to 90 - 95%/6 relative humidity at 160°F to deter-
mine relative corrosion rates. Unfortunately, the extent of corrosion in
one week under these conditions is too slight to discriminate among the
passivation methods. Although some tarnishing of copper and Monel 400
takes place the weight changes are generally less than 2 mg per specimen,
Stainless steel 316 and nickel 200 undergo weight changes of less than I mg
per specimen.

A more rigorous corrosion test was devised to induce significant
corrosion which may then be used as a basis for comparing passivated
surfaces. The test currently used involves exposing the 1"1 x 3" test coupons
to the vapor of 10%/6 aqueous HF solution at 1000F. The vapor tension of HF
over the solution is 0. 5 torr at 100OF (Reference 4). The test is conducted

•! • 11



TABLE M. IMPACT SENSITIVITY TESTS
TUNGSTEN CONTAMINATED CAST ALUMINUM

Oxidizer - LF 2
Samplea - A356 Al (Tungsten Contaminated) 0
Ambient Temperature - 55°F, Test Temperature -320 F
Impact Energy - 72 ft-lb
Atmosphere - Dry GN 2

Drop Type of Reaction
No. Sample Extreme Mode rate Faint None Remarks

I AZ x
2 AZ x
3 AZ x
4 B2 x
5 BZ x
6 BZ x
7 B2 x
8 BZ x
9 BZ x

10 C2 x
11 CZ x
12 C2 x

13 Al x
14 Al x
15 Al x

16 Al x
17 Al x
18 Al x
19 Bl x
20 B1 x
21 B1 x Flash, no sound
22 BI x
23 BI x
24 BI x
Z5 CI x
26 CI x
.27 CI x
28 CI x
29 Cl x
30 CI x

Al - I% W - passivated
BI - 3% W -- passivated
Cl -- 10% W - passivated
AZ - 1% W - as deposited
B2 - 3% W - as deposited
C2 - 10% W -as deposited

12



in a two-quart polypropylene container equippcd with a tight fitting lid. Each
specimen has a hole on one end through whicha horizontal alumina rod ex-
tends to support it. Specimens are held apart by alumina spacers. The
alumina support rod is in turn held securely in position by a stainless steel
frame which stands in the chamber. The aqueous HF solution is placed in
a separate small polyethylene container and the entire assembly is placed
in a thermostatted oven at 100 0 F. Preliminary experiments showed the
necessity of circulating the vapors to obtain uniform effects, hence a motor
driven pToreller is provided. Its shaft fits through a hole in the lid of the
chamber. A minimum clearance is provided around the propeller shaft.

b. Results and Discussion

Two sets of test coupons of the five alloys mentioned in the pre-
ceding section were subjected to the HF corrosion test for Z4 hours. One
set had been previously passivated by exposure to fluorine gas at one
atmosphere pressure for I hour at 25 0 C (77 0 F) followed by evacuation at
the same temperature. One set received the same preparation and cor-
rosion exposure but was not passivated. The relative corrosion of the
passivated specimens and controls are shown in Figure 4. In every case
the prepassivated coupons suffered greater corrosion, as indicated by the
weight changes, than their unpassivated counterparts. The difference is
very small for the copper specimens.

Figure 5 gives results for a duplication of the experiment to deter-
mine reproducibility of the corrosion. Fairly good reproducibility was
demonstrated except for the 316 stainless steel. Although the magnitude
of corrosion was significantly different between the two experiments, the
relative corrosion of passivated specimens and controls was nearly the
same.

6. RESIDUAL GASES FROM PASSIVATED 3URFACES

a. Procedure

Eighty grams of 304 stainless steel powder were placed in a bomb,
evacuated, and passivated by exposure to fluorine gas at one atmosphere
pressuri for 1 hour at 25 0 C (77'F). The surface area of the powder was
1010 cm /gram as measured by the krypton gas B.E.T. method. There-
fore, the total metal surface area was roughly eight square meters.

Following the passivation cycle, the bomb was evacuated to the
best vacuum obtainable with the mechanical oil pump used in the system -

roughly 0. 5 torr. The evacuation was continvu.d for 15 minutes at room
temperature.

The bomb was valved off under vacuum and attached to the inlet
system of the Aerovac AVAlmass spectrometer. The residual -as in the
bomb was leaked into the analyzer at a total I;-essure of 5 x 10"'torr and
,he mass spectrum scanned from AMU 12 through 70.

13
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The bomb was again pumped with the mechanical pump for an addi-
tional 15 minutes and reattached to the mass spectrometer and an additional
scan made over the same mass range. Finally, the bomb was heated to
approximately 100 0 C (21C0 0F) while attached to the mass spectrometer and
a third scan made.

b. Results and Discussion

The relative peak heights obtained in the mass analysis for the
separate, samples are shown in Table IV. The relative peak heights are
nrt directly related to concentration because of the variable response of the
instrument to each molecular species. The results are therefere most
useful from a qualitative standpoint.

The most prominent peaks in the spectra are due to oxygen, nitro-
gen, fluorine, HF, and an unknown constituent with AMU of 46. This has
been identified in gaseous fluorine from some sources and is evidently
strongly adsorbed in the metal powder because it shows up more strongly
after heating. Water vapor - AMU 17 and 18 - is not prominent. It is
almost absent after the first evacuation of the bomb.

7. MECHANICAL STABILITY TEST

During this period, the rapid screening tester, Douglas drawing #IT13626,
was modified for the mechanical stability test program. This modification
consisted of welding on a bellows type plunger adapter to replace the unsatis-
factory Teflon shaft seal design (see Figure 6). The metal bellows is a
hydroformed stainless steel alloy, 21Cr-6Ni-9Mn, produced by Stainless
Steel Products, Burbank, California. A set screw port is provided to pre-
vent the plunger shaft from vibrating loose during the flexing test.

The rapid screening tester is being set up in a separate location so that
other tests will not interfere with this program.

Previous low cycle fatigue tests on stainless steel and aluminum alloy
at Astropower Laboratory indicate an endurance cycle life between 104 - 105
cycles at or above the materials yield strength stress level. Therefore,
tests will be run in the stress range of 65 - 751o yield strength to extend the
fatigue life of the metal bellows adapter. These test conditions require using
a 0. 12-inch cam on the rapid screening tester.

Stainless Steel Products was unable to deliver the hydroformed metal
bellows test specimens due to a labor strike. The copper, stainless, nickel
alloy metal bellows and a new set of aluminum alloy bellows will be received
in the latter part of May.

16
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TABLE IV. MASS SPECTRA OF RESIDUAL GASESI FROM PASSIVATED SURFACES

Relative Peak Heights Above Background

(1) (2) (3)
Probable After Initial Alter Second Bomb

AMU Ion Evacuation Evacuation Heated

14 N 0 0.05 0.05

16 0+ 0.10 0.20 0.20

17 OH+ 0.05 0.10 0.0

18 H0+ 0.35 0.0 0.0

19 F+ 0.07 0.2 0.15

20 HF+ 1.6 2.4 2.4

28 N2, CO + 1.7 1.9 1.9
32 02 0.25 0.5 0.6

34 - 0.05 0.1 0.1

44 CO2 4  0.0z 0.0 0.0

46 0.25 0.4 0.5

so50 0.02 0.05 0.1
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SECTION II

FUTURE WORK

1. PHASEI

The projected Phase I studies will be completed during the next quarter.
These will be as follows:

a. Role of Contaminants

In view of the relatively incomplete removal of gross organic sys-
tem contaminants by fluorine passivation up to 50 psig, a few additional
tests will be conducted at temperatures tc 2000 F and Z00 psig. This work
is outside the scope of the original proposal work but is necessary to firmly
establish the effect of potential system contaminants. No additional costs
will be entailed. Reactions of organic materials with chlorine pentafluoride
will also be investigated.

b. Effect of Residual Fluorine

The investigation of the residual fluorine left from various passiva-
tion methods and its effect on secondary corrosion of metal surfaces will be
completed. Methods of removing the adsorbed passivating agent and its
reaction products from metal surfaces will be investigated.

c. Mechanical Stability Tests

The flexure tests for passivated bellows specimens is scheduled for
completion during the next quarter.

2. PHASE II- ANALYSIS OF PASSIVATION METHODS

Analysis of passivation methods will be made based on the completed
Phase I tests.

3. PHASE III - TESTING OF COMPONENTS

A list of recommended compoments for Phase III studies will be pre-

pared and submitted during the next quarter.
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