Objectives

Dynamic Multivariate Accelerated
Corrosion Test Protocol

* Develop a test protocol to predict coating and
alloy lifetime performance.

» Accelerated test chamber development,
Including UV and ozone.

e Service environments are variable in nature
(e.g., beachfront vs. desert).

e The test protocol is dynamically “tunable” to i
match service environment. EXposure Sites Results
o] * Daytona Beach, Fl + University National Oceanographic - Corrosion of field samples correlates more strongly to Temp and %RH than UV/O
Problem « Wright Patterson AFB, OH Laboratory System (UNOLS) Ships ] _ P ) _ ) gly ) P _ 3
. Kirtland AFB, NM ~ University of Delaware e For field exposure time is the dominant factor in corrosion severity.
e Laboratory corrosion test protocols do not » Tyndall AFB, FL - University of Washington e Degradation of coatings in B117 with UV/O5; more pronounced than B117 alone.
predict service life. e R o « Full Cr coating system degradation in B117 more like field than B117 UV/Os,.

Hickam AFB, HI

e Mg-rich coating system degradation in B117 UV/O; more like field than B117 alone.
» High UV/O; levels in B117 more corrosive than field sites with high UV/O;.
e Surface chemistry & morphology different for chamber & field at similar mass loss.

e Laboratory corrosion test results must be
verified with outdoor corrosion testing.

* A new accelerated laboratory corrosion test
protocol is needed.
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Issues

» Multiple lab corrosion tests are used:
« ASTM B117 for aluminum alloys
 GM 9540P for steel
e Does not account for UV, O,, temp, %RH.
e QOutdoor & laboratory corrosion testing vary:

* Rank order i § o= : . . . . .
. : r N ms D | = Different morphology: While comparable mass 1oss to the field exposure is observed at an accelerated rate in the modified exposure
Failure mode Substrates / Coat g Systems Deploye d Time 609 chamber; the surface morphology of the corrosion products are different. This may be due to kinetics more so than surface chemistry.
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" Solvent Wipe and MIL-PRF-26915
 Panels of bare Al AA2024-T3. AAGO61-T6 “ 1010 Steel 6.939 - - ENVIRONMENTAL CHARACTERIZATION EQUIPMENT CORROSION TEST METHODOLOGY
? _ ’ 2024-T3 Bare .063" _ e_ T
AA7075-T6, and 1010 steel, pure silver and o Nodine ETL ) s sxdsvetors assembly
pure copper were exposed to eight 1600 Deft02Y40 971-F1D-001 .. 040 Multi-Parameter 3 Simple, accurate system with no moving
- -: | Deft 02-GN-084 | Weather Sensor _ parts. Measures temperature, relative
 Test chambers: — ' 200 | alternate product AA"Z‘; NOBZ‘Z'O _ barometric pressure, and rainfall *:
Akzo Nobel erodur 971-A1G-001 .. 040
* 5% NaCl salt fog (ASTM B117). "W | 1010Skel 0030 |
1| 2024-T3 Bare 032" | o Deft
* 5% NaCl salt fog, UV, Os. Negative PAMer | g4 6y.001

Compact form factor ambient air quality
monitoring system. Automatically

e Mass loss determinations, corrosion
morphology and elemental analysis were used
to investigate correlations between outdoor
and laboratory sites.

e Qualitative & quantitative (SEM-EDS, FTIR)
rankings were made after 1 and 2 years.

 \Weather data was recorded on deployed

| i — measures hourly SO,, O,, and NO, levels
L. Ag It .. (ppb resolution). Equipment accuracy in
L e AA7075-T6 | | 1 | ' | compliance with EPA reference methods

- AA2024-T3
- AAGO61-T6

Salt spray

e CU I —— 4 D Specimen cards (upper right) or customized “building

* 1 . 1010 Carbon Steel deta = Semi-automated chloride “filter pack” block” specimens will be mounted on removable | |
R PO monitoring system. Capable of seven weeks fixtures IAW ASTM specifications. This work was conducted by the following:

weather monitoring systems or from EPA. _ : e of unattended operation. Filters capture 1) University of Dayton Research Institute
e A f of del dicti : s « Ship- - Land site- L W chloride aerosols on a weekly basis. Lab Smart rack components have been ordered and y y
proot or concept model Tor predicting A A e el ted mounted bare R g 10 : : : : :
) _ T ' ‘ mounte 2 =9 : tests are later used to measure amounts are being received. The systems are being 2) Adirondack Analytics
atmospheric corrosion rates of 1010 steel was » Land site-mounted coated and bare sample ~ sample exposure 51 FY 2ssembled _
developed using a cumulative damage non- picture frame
: : : : This work was supported by SERDP/ESTCP, Project # WP-1674.
linear modeling and simulation approach.
Presented at the 6" ASETSDefense Workshop in Orlando, FL.
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