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. Corrosion Djinn™ development
(computational curve crossing)

. VV&A - Verification Validation and
Accreditation

. CAE modeling-Thin film galvanic corrosion



mailto:arose@Corrdesa.com

orrosion Djinn Version

CORR®SION . )
- Pomminve 2 https://corrosiondjinn.com


mailto:arose@Corrdesa.com
http://www.corrosiondjinn.com/
https://corrosiondjinn.com/

Principle is the well-known Mixed —
potential /curve crossing technique
— Crossing point of curves of V vs

ABS(J) shows mixed potential and
interfacial galvanic current

— In-line with next gen. MIL-STD-889
Strictly, assumes 2 parallel surfaces
of equal area in bulk solution with
high conductivity

— Predicts self and galvanic corrosion
rate based on galvanic current

— In practice it works well with non-
parallel surfaces and thin films (with
the thin film polarization data)
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Material Group Modify ~ Copy
Environment 3.5% NaCl
Material 1 (Anode) Material 2 (Cathode)
Substrate Al Substrate Stainless steel
Designation 7075-T6 Designation 15-5PH
Coating MNone Coating MNone
Treatment None Treatment Mane
ocP 71881 Verr ocP 3792 Vet
1.84e+1 microns/year 3.57e-2 microns/year
Self Corrosion Rate Self Corrosion Rate
7.33e-1 milsfyear 1d43e-3milsfyear

Galvanic Acceleration Factor

Potential Difference

Mixed Potential

Galvanic Corrosion Current Density

Galvanic Corrosion Rate

6.72e+0

Galvanic Acceleration Factor

7561V

7.002-1 Ve

110e-1 Am™

123e+2 microns/year

4.942+0 mils/year
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Group 1 +

Material Group

Environment 3.5% Nall

Material 1 (Anode)

Al

Substrate

Designation 7075-T6

Coating Meone
Treatment Mone
ocP -7.18e-1 Wore

1.84e+1 microns/year
Self Corrosion Rate
7.35e-1 mils/fyear

Galvanic Acceleration Factor 6.72e+0

Potential Difference

Mixed Potential

Galvanic Corrosion Current Density

Galvanic Corrosion Rate

I} Modify Copy

Stainless steel

Designation 15-5PH

Coating MNone
Treatment Mone
ocp 3.7%e-2 Vo

3.57e-2 microns/year
Self Corrosion Rate
1.43e-3 mils/year

Galvanic Acceleration Factor

7.56e-1V

7.008-1 Vers

1.10e-1 Am 2

1.23e+2 microns/year
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Group 1 +

Material Group

Environment 3.5% Nall
Material 1 (Anode)
Substrate Al

Designation 7075-T6

Coating Meone
Treatment Mone
ocP -7.18e-1 Wore

1.84e+1 microns/year
Self Corrosion Rate
7.35e-1 mils/fyear

Galvanic Acceleration Factor 6.72e+0

Potential Difference

Mixed Potential

Galvanic Corrosion Current Density

Galvanic Corrosion Rate

I} Modify Copy

Material 2 (Cathode)

Substrate Stainless steel
Designation 15-5PH
Coating MNone

Treatment Mone

3.57e-2 microns/year
Self Corrosion Rate
1.43e-3 mils/year

Galvanic Acceleration Factor

T56e-1V
7.008-1 Vers
1.10e-1 Am 2

1.23e+2 microns/year
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Group 1 +

Material Group

Environment 3.5% Nall
Material 1 (Anode)
Substrate Al
Designation 7075-T6
Coating Meone
Treatment Mone
ocP -7.18e-1 Wore

1.84e+1 microns/year

Self Corrosion Rate
7.35e-1 mils/fyear

Galvanic Acceleration Factor 6.72e+0

(ﬁ-

Material 2 (Cathode)

Substrate Stainless steel
Designation 15-5PH
Coating MNone
Treatment Mone

ocp

Self Corrosion Rate

Galvanic Acceleration Factor

Galvanic Corrosion Rate

Potential Difference 7.56e-1V
—
— —— - -
Mixed Potential =7.008-1 Vare
Galvanic Corrosion Current Density 1.10e-1 Am 2
1.23e+2 microns/year

Modify Copy

3.7%e-2 Vo
3.57e-2 microns/year

1.43e-3 mils/year
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Corrosion Rate Calculation:

1. Corrosion current
extracted from
deconvoluted polarization
curves

2. Calculate corrosion rate
based on EW based on
ASTM G102 (Standard
Practice for Calculation of
Corrosion Rates)

Group 1 +-

Material Group

Environment 3.5% MaCl
Material 1 (Anode)
Substrate Al
Designation 7075-T6
Coating MNone
Treatment MNone
ocp 718e-1V.

1.54e+1 microns/year
Self Corrosion Rate
7.35e-1 mils/year

6.72e+0

Galvanic Acceleration Factor

Potential Difference

Mixed Potential

Galvanic Corrosion Current Density

Galvanic Corrosion Rate

Material 2 (Cathode)

Substrate Stainless steel

Designation 15-5PH
Coating Mone
Treatment Maone
OcCP
Self Corrosion Rate

Galvanic Acceleration Factor

7.56e-1V

7.00e-1 Vi

1.10e-1 Am 2

1.23e+2 microns/year

Modify Copy

3792 Vo

3.57e-2 microns/year

1.43e-3 mils/year
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Despite low self-corrosion,
galvanic couple
accelerates the corrosion

Group 1 +

Material Group

Environment 3.5% Nall
Material 1 (Anode)
Substrate Al

Designation 7075-T6

Coating Meone

Mone

7821V

1.84e+1 microns/year
Self Corrosion Rate
=_1 mils/year

Galvanic Acceleration Factor

Potential Difference

Mixed Potential

I} Modify Copy

Material 2 (Cathode)

Substrate Stainless steel

Designation 15-5PH

Coating MNone
Treatment Mone
ocp 3.7%e-2 Vo

3.57e-2 microns/year
Self Corrosion Rate
1.43e-3 mils/year

Galvanic Acceleration Factor

7.56e-1V

7.008-1 Vers

W

Galvanic Corrosion Rate

1.23e+2 microns/year
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1.E-04

AE is the same

galvanic corrosion
current are very

Current Density [A/m?]

1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 1.E+03
0.5
""" ~ CFC cathodic
— = reaction increase 0

due to higher O,
reduction rate at

thinner electrolytes -0.5
different although S __/,/
(]
2 -1
'.‘x:
“3
\ Under thin films
A -1.5
\
\-
-2

—— Al7050-T7 Bare_Anodic
= + CFCin 60 um thin film

===CFCin 20 um thin film
——CFC in bulk electrolyte

Potential vs SCE

Corrosion Djinn™ also
captures the electrochemical
kinetics increase of material
due to change in electrolyte
thickness from e.g.
submerged to atmospheric
conditions.

Thin electrolytes
(condensates) increase
corrosion often by ~10x

10
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Group 1*  +
Material Group
Environment
¥ Environment Thickness
Material 1
Substrate
Designation
Coating

Treatment

3.5% NacCl

4

Slider- Allowing user to choose
desired electrolyte thickness

-9

> 257 um
Material 2
Substrate
Designation
Coating

Treatment

Save
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Capabilities: Deployment:

v’ Corrosion rate (Echem. v/ Standalone (tested)
equivalents table): v Same commercial database, but
v’ Self corrosion rate behind customer firewall
v’ Galvanic corrosion rate v' Proprietary augmentation of
v' Galvanic Acceleration Severity electrochemical database
Factor: v’ Standalone Server (under development)
v’ Galv. corr./OCP self-corr. v' Same commercial database, but
v Framework for Electrolyte behind customer firewall

thickness variation (under testing) ¥ Proprietary augmentation of
v : electrochemical database
Framework for new environment

e . Multiple users — managed b
v’ Additional materials P ged by

customer
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e Additional materials, coatings, treatments (more
measurements ongoing and fitting)

* Impact of Area ratios (feasibility study)
e Different environment (electrolyte chemistry)

e Common geometries with visual corrosion severity and
extent
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Validation Plan and Report for Corrosion
Djinn IAW MIL-STD-3022 is done

— NAVAIR PAX to obtain Accreditation and install
initially onto an R&D computer at PAX. They form
the basis for the Accreditation Report.

Verification

— Curve crossing (mix-potential approach) works

correctly
Validation

— Curve crossing is a well-stablished technique

— Quantitative data validation vs CAE and

experimental data

— Qualitative data validation vs NAVAIR galvanic

assemblies

Connne/a

MIL-STD-3022, 2012 AFPENDIX C V&V REFORT

Corrosion Djinn™  curve crossing galvanic corrosion predictor

V&V REPORT FOR CORROSION DJINN
GALVANIC CORROSION SOFTWARE
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e Validation Report

— Quantitative data validation

Coplanar Total volume loss (mm?)
Measured |CAE/FEA |Djinn
Bare 7050 Al 0.842 1.253| 1.25
SAA 7050 Al 1.3 1.357 1.1
Non-planar “sandwich”
CFC-Al 7050 Anadized-Hysol jaint Total current (Am-2)
Measured | CAE/FEA | Djinn
SAA 7050 Al
Day 1 2.5E-4| 2.46E-4| 3.5E-4
SAA 7050 Al
cre 2.45E-4| 2.63E-4| 4.8E-4
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PAX galvanic assembly data

@Group 1M1 @Group IM2 @Group 2M1 0 Group 2M2

Corrosion Current Density (Am2)

2,
15]
: Ti

y 316 SS
:
-

2024 anodize
Fos 109 187 Teh Ted a2 -1 Tesd 1ee1 1ee2 2ev3
X iy

Group 1 Material 1 Material 2
Substrate Al Stainless steel
Designation 2024-13 316 [MAVAIR PAX)
Coating SAA None
Treatment Anodize seal Crb Mone
OCP (Vgee) 0.692967 0141998768
Potential Difference (V) 0.5509682
Mixed Potential (Vsce) -0.448594749
Comoson Guen Densy i Co N
Group 2 Material 1 Material 2
Substrate Al Titanium
Designation 2024-T3 TibAlY
Coating None Mone
Treatment Alodine 1200 Annealed, etched per BACS753
OCP (Vgee) -0.584999969 00331550166
Potential Difference (V) 0.628155
Mixed Potential (Vsce) 05910357
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e Defense

— Used as part of Corrosion Analysis for new USAF H-60 (Sikorsky)
— Used on F-18 landing gear (NAVAIR)
— Part of Corrosion Design Toolbox for composite/Al systems (USAF/WPAFB)

e Commercial
— Replacing chromates on commercial products (Emerson Electric)

— Corrosion design for consumer electronics (Electronics company)

— Corrosion design for systems to be used on or near ocean
(Aerospace/Space company)
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Key parameters:
- Film thickness (and its variation) on the cathodic member
- Relevance of polarization curves used

Work Done:

 Modeling of galvanic corrosion behavior between CFC-AI7050
joint under uniform thin film conditions

e Predicting variable film thickness on complex geometries
using CFD and then model corrosion

* Experimental verification with B117 Accelerated corrosion
test and corrosion depth measurements

18
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Sample Design Test conditions

CFC-

Sanded Sanded

i =
Casel Case 2 “Fastener Collar

Designed to simulate lap joint to capture both
galvanic and self corrosion behavior

Test Cases
Material A Material B Material C Material D
(Fastener
(15x10 cm) (7.5x5 cm)  (Fastener Pin) Collar)
Test Case  AA 7050-T7451 CFC Ti-6Al-4V Ti-3Al-2.5V
1 Bare sanded degreased degreased
2 Anodized (SAA) sanded degreased degreased

ASTM B117 Constant Salt Fog Test in Q-Fog
Chamber (for 1 month):

At 35 °C

3.5 wt.% NaCl

Conductivity: ~ 50000 uS/cm
6.5<pH<75

22 ° from vertical

19
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Side View:

Front & Back View:

Front

°3¥8558388

Electrolyte builds up ¢
spills over. Thick dow

Back

Electrolyte flows down back of Al
plate, increasing in thickness

Film Thickness micron

.150,00

120.00

50.000

0.00000
S

zy
Solution Time 0.1 (s)

X
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Corrosion depth@28days (pum) Film thickness
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Al-7050 Anodized

Test Case 1-
After Test

Al-7050 Bare
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Semi quantitative comparison:
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Total volume loss prediction compares well especially by accounting for
variable film and the appropriate polarization curves
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Film Thickness microns
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80.000

60.000
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0.00000
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More complex flow profile is
evident which may impact
resulting corrosion rate
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Corrosion Djinn 3.1

e Easy to use and is gaining commercial traction amongst designers
and M&P engineers

e Already in accordance with upcoming revisions of MIL-STD-889
 The key is DATA - consistent, robust, modern materials & coatings

3D CAE

 For complex geometries, film thickness distribution can impact
the corrosion risk which we have been able to assess with a
multiphase CFD approach

Corppe/d
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