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INTRODUCTION

In the middle 1960's the Aeronautical Materials Laboratory recognized
the fact that salt apray tests in a 5% or 202 NaCl environment were not
accurately predicting the behavior of materials and finishes used on naval
aircraft. In service,high strength aluminum alloys such as 7075-T6 and
7178-76 were experiencing exfoliation corrosion, not simply pitting.

Paint systems were spilling from fastener patterns and highly stressed
areas.

Studies indicated that the environment of an aircraft carriser in-
cluded stack gas exhaust products ia addition to sea spray. One of thesas
products was sulfur dioxide. The presence or $0,” and the low pH (2.4-%.0)
in moisture that accumulated on surfaces of aircraft parked on the flight
deck czt)§out different carriers was verified by an aircraft company (refer-
ence (a)).

Experizsnts were undertakea to create an accelerated laboratory test-
ing envirorment that would more closely simulate that of an aircraft
carrier.

Two approaches were examined; (1) introduccion of 30, directly into
the salt spray cabinet at periodic iuatervals while tha salt solution was
continuously being sprayed, and (2) addition of 80,, HySO; or HpS80; to
the salt solution itself. At that time severe exfoliation corrosion was
occurring on the 7178-T6 skins of a fighter aircraft so thst allow and
temper were used to select the optimum combination of conditions. It was
found tkat introduction of 50, into the chamber produced exfoliation
corrosion that more closely resembled that occurring in service than did
external additions to the salt solution. Conditions that produced exfolia-
tion on 7178-T6 sheet in two weeks and that corresponded to the type
produced during one to two years service life were arbitrarily chosen as
those upon which to standardize.

In the ensuing years, modifications and refinements were made to the
- equipment and operating conditions, and a wide variety of materials used
in naval aircraft were evaluated in this NaCl - SO, environment. The
asterials included various aluminum alloys and heat treatments, electro-
deposited coatings, fastener coatings, paints, sealants and preservative
compounds .

Use of an 80, laden salt fog is now being required for evaluaticn of “r=——mmemme,
materials and finishes for new generation aircraft and missiles. It is - y
therefore nacessary to promulgate a standardized procedure for salt - SO, Whie Siciiom i
testing. The work required to do this was performed under reference (b), Mif Sectim 0O
This report describes the test as it is now conducted at the Naval Air o
Development Center.
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EXPERIMENTAL PROCEDURE

Equipmant and materials required for conducting a salt - SO2 test
are as follows:

1. Salt fog cabinet meeting requirements of ASTM Bl17-73,
Appandix I,

2. Cylinder of 502 gas.

3., Floumeter cagabla 05 measuring SO5 gas flow of 1 cm3/min/ft3
of cabinet volume (35 c¢m’/min/m”); also constructed of mataerials inert to
307 gzas.

4. Timer,

5. Two-way solenoid valve fabricated of materials inert to SO,

zas.
6. Tubing and fittings for SO line of materials inert to SO, gas.

The test consists of spraying salt fog continuously with introduction
of S0, gae directly into the chamber (not into the salt solution) for one
hour four times a day, {.e., 1 hour/six hour cycle. A schematic of the
02 line is shown in Figure 1.

It is highly desirable to have the SO, gas introduced into the ch:mber
in 3uch a way that a uniform dispersion throughout the interior will result.
Tha ANIFOG dispersion tower can readily be adaptad to provide for this as
showm in Figure 2. Holes are drilled in the Plexiglas baffle at the top
of the tower so that the gas comes out of eight uniformly spaced ports.

The tower is located in the center of an eighteen or a thirty cubic foot
box. For iarger boxes, twin towers should be used,

There are undoubtedly other means for accomplishing a uniform dis-
persion of the gas. Introduction of the gas into the chamber through one
or two tubes at the side should be avoided however.

.

Operating conditions for the test are as follows:

Bubble Tower Temperature - 46°C (115°F)
Cabinet Temperature - 359C (959F)

S0, gaa injection - 1 hr/6hr cycle
S0; gas flow -1.0 + 0.2 em3/min/£e3 of box

* Patantad, G. S. Equipment Divis-on
Harahaw Chemical Corporation
15533 Brookpark Road
Gloveland, Ohio 44135
e




LRI

R et TV

" NADC-77252-30
CORDITIONS IN COLLECTION BOTTLE
(Tested Weekly)

1. 1 = 2 mls/br collection rate
2, pH~-2,5 - 3.2

~All other aspects of the test should be coaducted according to
ASTM B117-73.

If synthetic sea salt is used instead of sodium chloride, the solu-
tion should be made in accordance with ASTM D1141-75, Standard Specification
for Substitute Ocean Water, Section 6 (reference (¢)).

DISCUSSION

When the NaCl - test was first developed, Navy ships were using
Navy Special Fuel 011 (NSFO) which had a maximum allowable sulfur contant
of 3%. The great majority have converted to using diasel fuel #2 which
has a maximum allowable sulfur content of 1%, and all ships will be using
this in the very nesar future. Actual sulfur content apparently varies
according to the source of the fuel - some having 0.3 - 0.4% S, soms
mn‘ 0.7 - 0082 8.

Discussions have been held with the Naval Ship Enginesering Center,
(MAVSEC) on more quantitatively characterizing the carrier enviromment
(refcrence (d)). It is possible, knowing the sulfur content of the fuel,
the amnrunt consumed, and the percentage of excess air in which it is
burned, to calculate the ppm of 30, that will be discharged at the stack -
"ziailc diacharge” as it is cormi. The level of operation of the boilers
controls fusl consumption and this will vary with time. Maximum effluent
is genersted when planes are warming up for take-off as the level of
boiler operation is highest at that time.

Assuming g fuel with a sulfur content of 0.7 -~ 0.8%, being burned in
100% excess air, a volume concentration of 330 parts per million can be
predent at static discharge. With a sulfur content of 0.3 - 0.4% burned in
1002 excess air, the volume concentration would be half of that value.

The amount of 802 that will resuch the planes parked on the flight
deck depends on air currents, ship speed and weather conditions. These can
vary from hour to hour. Obviously, this amount will be considerably less
ihan that at static diacharge.

In an effort to determine the relstionship between the amount of 80y
at static discharge and that in the laboratory sigulated carrier eaviron-
ment, calculations nse made to convert the 25 cm’/min of S0, being in-
troduced into a 30 ft” cabinet into parts per million using the method
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outlined in reference (a). A sample calculation is given below:

Density of SO, at 21°C (70°F) = 2.265 g/1

Considering 100% R.H. at 750mm pressure and 35°C (95°F)
Density correction for H0 vapor pressure at 35°C = 42.2mm

D otst atr " ”‘dq‘g—ﬂ;—g%ﬂ!

= 9,719 x 750-(0.3783 x 42,2
760

- 9.41 x 10™%/m1

- 0.9%1 g/l
Considering chamber volume = 850 liters
80, flow rate of 25 ml/min = 0.025 1/min

80y content = 0.025 x density of 503
850 x density of moist aix

= 0,025 x 2,265 = 70.75 x 1078
6§50 x 0.941

Approximation = 70 ppm

1f the above assumptions are valid and reasoneble then during the one
hour 802 portion of the cycle, approximately 70 ppm/minute of SO, is flow-
ing into the chamber. This is less than that calculated for fuels with
either 0.3 -~ 0.4% sulfur or 0.7 - 0.8%2 (115/330 ppm) at static diascharga.
Lacking more quantitative information, 1:31. chorgtore balieved that the
currently used flow rate of 1.0 + 0.2 cm” /min/ft” of box is not unrealistic.

A cabinet in which 5% synthetic sea salt is used in place of 5% HaCl
was put into operation seversl years ago. Limited correlative atudics
between the two cabinets have indicated that the synthetic sea 2alt/S02
was less severe for unpairted aluminum alloys and more severe for cadmiua
plated steel than thc MaC1/80, (Table I). Aluminum alloys protscted by
MIL-P-23377 primer and HII.-C-§1773 topcoat showed no differences. The
majority of environmancal tests conducted to date at this Center, however,
on metals, alloys, coatings and finishes, have been in the MaCl - 80, fog.

&~
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A question fraquently asked coacerns the relatioaship between 1ife
of a finish or matarisl in the salt fog test and its 1ife in service on
an aircraft. At this time such information does mwot exist. The compsri-
800 may in fsct newer be correlatable for orgasic matsrisls, since swma-
1ight (V) plays a vital role in organic coating detsriorstiom. It &s
planned to expose sluminum alloy specimsus with various heat tyeatments
on an aircraft carrier in ths nsar future ¢o0 that a time relstiocaship
can be detarmined.

CONCLUSIONS

The selt - 301 fog test has proved to ba a valuasble accelerated
laberatery tesst for screeaing matarials that have to survive servics on
naval vessels such as aircraft carriers.

RECOMMENDATIONS
It 4s recommended that all materials and finishes to be used on new
generatiocn aircraft asd missiles be scresnsd using the test method das-
eribed in this report.
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TABLX I
COMPARISON OF CORROSIVITY OF 5% NeC1/S0, AND 5% SYNTHETIC SEA SALT (38S)/S0,

(S0, Flow Rate - 1.0 + 0.2 > /ain/ft3 of box)

ters | One Week | Iwo Weoks
8ss NaCl 838 Bcl
Chromated 2024-T3 Numerous Pits 48 pits/in? 80 pits/in® -
Cd plated 1010 65-75% 25-45% 1002 rust 1002 rust
Steel & Chromate rust Tust (heavy) (moderate)
7178-T6 8light Corrosion Pitting only Exfol.atfon
Airergft Skin :
7075-T6/Graphite Epoxy Slight Attack on 7075 * 15,700/9900 * 8000/9000
Tatigue Specimens cycles to cycles to
: failure failure

Note: Two panels of each of the above materials were exposed.

* Fatigue tested at smblent conditions at 233 cycles/min.
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FIGURE 2 - Interior View of Sajt - S0, Fog Cabinet
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