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Minutes of the Third Annual Workshop on
Chromate leplacements in Light Metal

Finishing

T. R. Guilinger, R. G. Buchheit, M. J. Kelly, K. R. Zavadil,
J. Bibber, L. Carlson, P. Chalmer, M. Kendig,

F. Mansfeld, G. Murphree, and R. Taylor

Purpose:

The purpose of publishing the minutes of this workshop is to document the
content of the presentations and the direction of the discussions at the
workshop as a means of fostering collaborative research and development on
chromate replacements throughout the defense, automotive, aerospace, and
packaging industries. The goal of the workshop was to bring together coating
researchers, developers, and users from a variety of industries to discuss new
coating ideas from the perspective not only of end user, but also from the
perspective of coating supplier, developer, and researcher. To this end, we
succeeded because of the wide-ranging interests of attendees present in the
more than 50 workshop registrants. It is our hope that future workshops, not
only this one but others like it throughout government and industry, can
benefit from the recorded minutes of our meeting and use them as a starting
point for future discussions of the directions for chromate replacments in light
metal finishing.

Contents of this document:

The following items related to the workshop are contained in this document:
- Workshop agenda
- List of attendees (50 registered for the workshop)
- Summary of the feedback from workshop attendees
- Workshop notes compiled by the organizers (3 sets of notes)
- Summaries of Sessions II and IV by the session moderators
- Copies of vugraphs and abstracts in the order presented at the workshop

Publication note:

To facilitate the distribution of the results of the workshop, we are making this
document available to the general public through the National Technical
Information Service (NTIS) via publication of this document as a Sandia
Technical Report.
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Chromate Replacement Workshop Agenda
September 15, 1993

Morning Session

i 8:00 a.m. Registration/Continental Breakfast

8:30 a.m. Introduction to the Workshop-Terry Guilinger, Sandia Labs

9:00 a.m. Session 1-Commercially Available Products, Moderators:
John Bibber,Sanchem, and Larry Carlson, Parker-Anchem.
Ground rules and goals for this session

9:15 a.m. Larry Carlson, "Review and Update on New Non-Chromium
Surface Technology for Tomorrow's Environmental Demands"

9:35 a.m. John Bibber, "Sanchem CC-A Chrome Free Aluminum Pretreat-
ment System"

9:55 a.m. Don Baudrand, Allied Kelite-Division of Witco, "Non-Chromium
Treatment for Aluminum"

10:05 a.m. Dave Halverson, Birchwood Casey, "Phosphate Polymer"

10:15 a.m. Break

10:30 a.m. Florian Mansfeld, University of Southern California, "Stainless
Aluminum Process using Ce and Mo Salts"

10:45 a.m. Larry Carlson and John Bibber-Discussion Agenda/Questions

10:55 a.m. Moderated Discussion

12:00 Lunch-Atrium of the Pyramid-Entree: Chicken Marsala



Chromate Replacement Workshop Agenda
September 15, 1993

Afternoonand Evening

w
1:30 p.m. Session 2-Performance Testing of Coatings, Moderators:

Martin Kendig, Rockwell, and Ray Taylor, Univ. of Virginia
Ground rules and goals for this session

1:45 p.m. Martin Kendig, "Comparison of Electrochemical Analysis to Salt
Fog Behavior of Non-Chromate Sealed Anodized Al and Non-
Chromate Conversion Coatings"

2:10 p.m. Tony Hughes, CSIRO-Australia, "Electrochemical Evaluation of
Corrosion Performance of Conversion Coatings"

2:35 p.m. Peter Walker, AWRE-United Kingdom, "Testing and Specification
of Conducting and Protective Coatings for Al Alloys"

3:00 p.m. Break

3:15 p.m. InformalPresentations-Ray Taylor, Moderator

3:25 p.m. Ray Taylor-Presentation of Discussion Agenda/Questions

3:35 p.m. Moderated Discussion

4:30 p.m. Adjourn

6:15 p.m. Bus to E1Pinto Restaurant

6:30 p.m. No host cocktail hour on the patio at E1Pinto

7:30 p.m. Informalbanquet

9:00 p.m. Return bus to Pyramid o
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Chromate Replacement Workshop Agenda
September 16, 1993

Morning Session

- 8:00 a.m. Session 3-Preparation for Coating, Moderators: Florian
Mansfeld, University of Southern California, and Gall Murphree,
NASA, Ground rules and goals for this session

8:15 a.m. Luis Vega, Aluminum Company of America, "Surface Cleaning
Methods for Zinc Phosphating of Aluminum Alloys"

8:40 a.m. Celeste Drewien, Sandia National Labs, "Surface Pretreatment
Aluminum Alloys for Hydrotalcite Deposition"

9:05 a.m. Florian Mansfeld, University of Southern California, "Surface
Pretreatment of High-Copper Aluminum Alloys-Electrochemical
Surface Characterization"

9:30 a.m. Break

9:45 a.m. Informal Presentations from the floor

10:30 a.m. Sally Hoier, Sandia National Labs, "Alternative Cleaning Reagents
for Organic Residue Removal from Aluminum Surfaces"

10:50 a.m. Florian Mansfeld and Gail Murphree, Presentation of
Discussion Agenda/Questions

11:00 a.m. Moderated Discussion

11:30 a.m. Lunch-Atrium of the Pyramid-Entree: Sandia Broil



Chromate Replacement Workshop Agenda
September 16, 1993

Afternoon Session

1:00 p.m. Session 4-Emerging Coatings Technology, Moderators:
Rudy Buchheit, Sandia National Labs, and Paul Chalmer, National
Center for Manufacturing Sciences t
Ground rules and goals for this session

I:05 p.m. Toshi Sugama, Brookhaven National Labs, "Sol-Gel Synthesized
Polymetallosiloxane Coatings"

1:30 p.m. Regan Stinnett, Dale McIntyre, Rudy Buchheit, B. Turman, E.
Neau, Sandia National Labs, J. Greely and M. Thompson, Cornell
University, and D. Rej, Los Alamos National Lab, "The Use
of Intense, Pulsed Ion Beams for Material Surface Treatment"

1:55 p.m. Rudy Buchheit, Celeste Drewien, and Jan Finch, Sandia National
Labs, and G. Stoner, University of Virginia, "Chromate-Free Talc
Conversion Coatings for Aluminum"

2:15 p.m. Break

2:30 p.m. Paul Chalmer, "Overview of the NCMS Chromate Alternatives
Project"

2:50 p.m. Moderated Discussion

3:30 p.m. Summary of the Workshop by Session Moderators

4:30 p.m. Adjourn
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SandlaNationalLaboratories
Albuquerque,NM87185

To: ChromateReplacementWorkshopAttendees ¢

Below we have summarizedtheresults fromthe feedback formsthat many of you filled out during
the workshop. Note that we have made editorialcomments on some areas. Thank you for attending
and we hope to see you next year.

Sincerely,

• ' C'-"

Th_ WorkshopOrganizers

Summary of the Feedback from the Chromate
Replacement Workshop

Question 1. Was the workshop valuable to you? 28 responded yes, 0 responded no.
The most common comments were that the moderated discussions and the networking
time allowed were the most valuable parts of the workshop.

Question 2. Was the format of the workshop useful? 22 responded yes, 0 responded
no. Among comments, the most frequently mentioned was that the size of the workshop
was about right.

Question 3. The mix of presentations and discussions was: Too much presentation: 0
responses; Too much discussion: 0 responses; About right mix: 28 responses. A
frequent comment was that slightly more discussion time could have been allowed.

Question 4. I work for a small company: 2 responses;medium company: 7 responses;
large company: 16 responses;university: 2 responses.

Question5. Wouldyou attendnextyear'sworkshop? 28 respondedyes, 0 responded
no.

Question6. Was thereanythingyou feltwas done particularlywell, particularlypoorly,
or was not done and needed to be done? The comments for each category are ,
collected on the next page.



Things done particularly well

-Participationby industry.
-Excellentcross-sectionof participants.

,, -informal atmosphere and meeting structure.
-Keeping on schedule.
-Wide range of discussion.
-Organization of discussion.
-Banquet was a good idea.
-Good organization of presentations.
-Informal format and discussions.
-Description of chromate mechanisms as best we know them.
-Excellent organization of meeting.
-Good mix of attendees.
-Moderators summarizing the message of each session with notes was an effective
means of documenting what was accomplished.

Things done particularly poorly

-Lack of attendance by MiI-Spec custodians and military/defense customers.
-Audio-need to use microphone.
-Connection of surface cleaning effects to coating performance was very weak.
-No refreshments on second morning.
-Some material was too technical for production-oriented interests.
-Supper was too late (Editorsn_te-thiswillbe fixed).
-Some material was not technical enough-too much sales pitch.

Things that weren't done or needed to be done

-Establishcollectiveobjectivesfor groupto measureagainstin succeedingyears.
-Need smaller room.
-Broaden from mainly aircraft issues to transportation, construction products, packaging,
general industrial (Editors _note-ifyou have someone that should be on our mailing list
that fits these categories, please send us their address).
-Consider establishing minicourse on EIS and other analysis techniques (Editors_note.-
The University of Virginia offers this minicourse and we are looking into the feasibility of
having them teach it in Albuquerque next year. If the course is offered in Albuquerque
next year, we will try to make the course and the workshop concurrent).
-Have workshop adjacent to weekend for tourist activities and less expensive airfares
with Saturday stayover (_Editor_note-Pleasetell us your preference as soon as possible
so we can schedule with you in mind).
-Need more discussion from end users.

_, -Need good amplification system.
-Need more information on non-chromate primer inhibitors (Editors note-We need to get
some organic coaters here next year so send us some names for the mailing list)



Workshop Notes Compiled by
the Workshop Organizers

(3 sets)
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Notes from the Third Annual Chromate Replacement Workshop - Set I

Introduction:

Talk #1, Guilinger, "Introduction to the Workshop/Review of the Theory, Use,
and Performance of Chromate Conversion Coatings": Background on history
of this workshop from 1991-present. Introduction to background, use, and
applications of chromate conversion coatings (CCC's).

Talk #2, Murphree: Why do we want to get rid of Cr? Answers are
numerous. Cr(VI) is a known carcinogen. OSHA is going to reduce the PEL
(permissible exposure limit) to Cr by a factor of 200 (imminent). Cr(VI) is
viewed by EPA as a hazardous air pollutant. Permitted space for disposing of
Cr, even in Cr(III) form, is rapidly diminishing. It is going to become harder
and more expensive to get rid of Cr-containing waste. Some states (e.g.,
California) have more restrictive regulations than federal agencies such as
EPA and OSHA.

Questions, Answers, Comments:

Cr(III) is apparently non-hazardous, as evidenced by the fact that it
is found in cosmetics.
Chalmer: There apparently is some organism or microorganism that can
convert Cr(III) to Cr(VI), so that there would be no way to provide 100%
assurance that Cr(III) won't be converted to carcinogenic Cr(VI) aider
disposal. This appears to be the philosophy behind EPA's limit on total
chromium (e.g., non-hazardous Cr(III) plus hazardous Cr(VI) plus Cr metal)
discharges.

Session 1, Commercially Available Products:

Talk # 1, Carlson, "Review and Update on New Non-Chromium Surface
Technology for Tomorrow's Environmental Demands": Parker + Amchem and
Boeing are jointly working on a Cr-free AI pretreatment for aerospace
applications. Alodine 2000 from Parker + Amchem is based on cobamine
chemistry. The recommended procedure is as follows:

Aqueous degreaser
Water rinse
Deoxalume 2100
Water rinse
Deoxalume 2200
Water rinse
Alodine 2000
Water rinse
Parker + Amchem sealant
Water rinse
Oven dry
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The cobamine chemistry represented by Alodine 2000 is characterized by the
following features:

pH - 6.2
no fluoride ions
little or no A1metal dissolution
25-250 mg/sq.i_, coating weight
color: clear to dark gold, similar to CCC's
no ferricyanide (which is used in CCC's ',,opassivate CuA12, e.g., in

2024-T3)

Performance features were highlighted by the ability of Alodine 2000 to pass
(1) 168 hours of salt fog on Al 2024-T3, when sealed with "Seal B", and (2) 336
hours of salt fog on Al 6061 and A17075-T6, when sealed with either the
Boeing sealant or "Seal B".

Questions/Answers/Comments:

What type of primer was used? Carlson: A chromated primer.
L_ Shouldn't the corrosion protection be better if a chromated primer
was used?
C_trlson; There appears to be a synergestic effect between the primer and
conversion coating.
Martin_z: There needs to be a distinction between the failure of the
conversion coating, versus a failure of the paint layer (when it comes to
decidingwhy asamplefailssaltfog).
Carlson:When sealed,Alodine2000hasa resistivityof7500-8500microohm-
cm,whichpassesspecification.

Talk#3,Baudrand,"Non-ChromiumTreatmentforAluminum": Chemidize
727A isa coatingprocesswhoseprimarypurposeistoprovidea goodsurface
foradhesivebonding.Itusesan organicoxidizer.Itissuppliedinpasteor
liquidform.Itworkswellon stainlesssteelsand chrome-platedparts.It
passeslapshearbondingstrengthtests(2000-3600psirequired,average
valueobtained> 4000psi).

Talk#4,Halverson,"ANew PaintPrepTechnology-PhosphatePolymer":
Describeda water-basedpolymeremulsionprocesscontainingbothzinc
phosphateand zincchromate.Intheresultantfilm,Cr(VI)isreducedto
Cr(III),cross-linkingtakesplace,thecoatingbecomeshardand actsasa
barrier(seehisextendedabstract).

Talk#5,Mansfeld,"StainlessAluminum": Describedthisprocessas
corrosionprotectionby surfacemodification.Weak spotsintheoxideare
depositedwithceriumand molybdenum whichafford corrosionprotection.
The processforAl6061-T6isasfollows:

Degrease(Alconox)
Deoxidize(Diversey560)
Bake (100C)
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Ce Treatment I: 10 mM Ce(NO3)3 at 100 C, 2 hours
Ce Treatment II: 5 mM CeC13 at 100 C, 2 hours
Mo Treatment: Polarize in 0.1 M Na2MoO4, +500 mV vs. SCE
for 2 hours.

The processes for Al 7075-T6 are the same, except for a change in sequence
- (Ce Treatment I, Mo Treatment, Ce Treatment II).

Questions/Answers/Comments

A process identical to the one outlined above, minus the Ce and Mo
salts, gives almost the same amount of corrosion protection.

Experimental design studies showed that that is not the case: Ce
and Mo salts are necessary, as evidenced by results for samples treated with
boiling water.

Boiling in water is an inadequate control in Mansfeld's experimental
design studies, says Mansfeld should use something like NaNO3 in his
control samples.

Session 1, Moderated Discussion:

Are we just buying time in using materials such as Ce, Co, and Mn
in place of Cr? Will these materials also be regulated someday? A great deal
of discussion followed, with the general consensus of the workshop being that
these other materials will only be short-term substitutes.
Jen_lins: Is there presently a strong driving force (e.g., federal regulation)
behind Cr replacement?
Carlson: Sludge disposal sites for Cr-containing sludge will soon be gone.

In that case, sludge recycling would probably be a more fruitful
research and development area, as opposed to Cr-free metal finishing
research.
Buchheit: There is usually a trade-off between performance and cost. In the
nuclear weapon complex, one way DOE forces this issue is in the penalty it
administers for indiscriminate call-out of CCC's (e.g., Alodine) by design
engineers.
Murphree: EPA is not banning Cr(VI) or Cr; however, it will be making it
more and more expensive and burdensome to use. This will be a strong
driving force for Cr replacement in the future.
Mansfeld: Suggests using Cr-free processes for easy alloys (e.g., 6xxx), while
continuing the use of CCC's in more corrosion-susceptible alloys (e.g., 2xxx,
7xxx).
Murp_hree: One example of a law governing the use of Cr is Federal
Regulation FO 19, "Wastewater Sludge Treatment for Conversion Coating of
Aluminum".

" Jenkins: FO 19 says any sludge coming from A1 conversion coating process is
classified as FO 19 waste and is, by definition, hazardous.

o Fou_'nier; The sequence one should go through in determining if a certain
material is regulated is as follows: First, check the Code of Federal
Regulations (CFR), e.g., CFR 40 Sec. 261, CFR 433, etc. Second, check
general federal regulations. Finally, check applicable state, local, and

13



municipal regulations. In the case of Ce and Mo, there are no specific federal
regulations governing its use.

Session 2, Performance Testing of Coatings:

Goals for this Session, Kendig: Martin outlined the key questions to
hopefully be addressed, during this session:

¢

1. What methods are used for rapid life prediction?
2. Is American Society fbr Testing and Materials (ASTM) Test Method

Bl17 salt fog corrosion test) relevant?
3. What do electrochemical impedance spectroscopy (EIS) and other rapid

electrochemical methods predict? If they are predictive, what are the
details of the experiment and analysis? What is the correlation, if any,
to salt fog testing? What are the statistical implications?

4. Can electrochemical me'_hods be as efficient as salt fog for screening?
5. Do formulators of conversion coatings use electrochemical methods?
6. Do original equipment manufacturer's (OEM's) use electrochemical

methods?

Talk #1, Kendig, "Comparison of Electrochemical Analysis to Salt Fog
Behavior of Non-Chromate Sealed Anodized Al and Non-Chromate
Conversion Coatings": Kendig first referenced a 1991 article that he
authored in the journal "Corrosion", which demonstrated the use of
electrochemical methods for predicting corrosion failure in phosphated
stainless steel samples. Kendig described the EIS and salt fog
characterization of 2024-T3 A1alloy samples treated with in a number of
ways. The conversion coating replacement technologies examined included:

NADC's Cr(III) process
Sol Gel Deposited coatings
Sandia National Laboratories Hydrotalcite coatings
Allied Kelite Iridite process
Parker + Amchem's chrome-free process

The anodized seal replacement technologies examined included:
molybdenum-based process
vanadium-based process
tungsten-based process
cerium-based process
water seal
Sanchem process
others

The key parameter examined in the EIS measurements is the polarization
resistance, in 0.5 M NaC1, at 24 hrs. This parameter was found to correlate
very well with salt fog pass/fail probability. In addition, the pit resistance
was found to correlate well with the barrier properties of the coating (high pit
resistance = good barrier properties). Kendig explained that the excellent *
performance afforded by CCC's comes from three main features of these
coatings:

14



1. Barrier properties
2. Hydrophobicity
3. Active species in the film (e.g., Cr(VI)) which protect weak spots or

developing corrosion pits. The hydrophobicity of some of the replacement
technologies appears to be a keycontributing factor to the fairly good

. corrosionprotectionperformanceobserved.However,Kendigfoundno
Cr(VI)-freecoatingprocessthatperformsaswell(on2024-T3Al)alloyas
CCC's.

Questions/Answers/Comments:

Mansfeld:In0.5M NaCI,EIS measurementsofpolarizationresistanceat24
hoursshouldnot,inhisopinion,bea goodmeasurementofcorrosion
protection.The reasonisthatafterthisshortofatimeperiod,corrosionhas
notreallystartedtoanysignificantextent.

The EIS testcouldbeacceleratedby usingacidified0.5M NaCl as
theelectrolyte.

Talk#2,Hughes,"ElectrochemicalEvaluationofCorrosionPerformanceof
ConversionCoatings":He usedavarietyofmethodstostudyconversion
coatings,including:

X-rayphotoelectronspectroscopy(XPS)
Scanningelectronmicroscopy(SEM)
Energydispersivex-rayspectroscopy(EDX)
EIS
Saltfog
ElectrochemicalTafelbehavior

Over 1000sampleswereevaluatedbyEIS andby theTafeltechnique,inthe
hopeofusingthecorrosioncurrent(icorr),thecorrosionpotential(Ecorr),or
thedifferencebetweenthecorrosionpotentialand thepittingpotential
(Ecorr-Epit)asan indicatorofcoatingperformance.Hughes seemedtofind
some correlationbetweenEcorr-Epitand theagingtimeofa sampleineither
waterorina relativehumidity(RH)chamberheldatrelativelyhigh
humiditylevels.For an as-preparedcoatingpreparedby a CeCI3process,
SEM showsveryevidentcracksnearregionsofhighintermetallic
concentration(particularlyintermetallicspeciescontainingcopper).These
cracksareevidentevenbeforesaltfogexposure.

Questions/Answers/Comments

Mansfeld:The CeCI3/H202processcanproducepitsviaaredoxprocess
(H202 reductioncoupledwithAloxidation).
Btjchheit; The evidence presented in the talks thus far seems to indicate that
we are discovering the "normal" pit resistance for 2024-T3 A1alloy (about 7-

• 10 Mohm/cm2).
Mansfeld. Carlson: CCC's made under different relative humidity conditions
(e.g., a high humidity climate such as Hawaii vs. a low humidity climate such
as New Mexico) will have different performance properties.
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Talk #3, Walker, "Testing and Specification of Conducting and Protective
Coatings for Al Alloys": Presented philosophy related to design engineers
calling out, specifications, and how these specifications should be related to
product performance, the choice of materials used in the coating process, etc.
Walker promotes the idea of defining specifications for coating performance
based on actual requirements, rather than "ndiscriminate calling nut of CCC's
based on their excellent performance (e.g., it may be overkill in many "¢
instances).

Questions/Answers/Comments

]_.Rdr_aa_ Has ooserved "capillary holes", e._., pits, whenever they attempt
to perform nickel electrodeposition onto A1alloys. These look very similar to
the pits Walker obse_es in CCC-treated Al alloys where Fe particles are
present at the surface.
J¢nkins: Doesn't see a need to call out or generate an all-encompassing
specification for coating weight. He strongly believes in having conversion
coating users tell the vendor what performance requirements have to be met
(and then letting the vendor supply the appropriate materials and processes
to meet their needs) rather than the user telling the vendor what type of
conversion coating process and coating weight they want.

Talk #4, Taylor, Non-Chromate Inhibitive Pigments": Pore resistance (Rpore)
isnota goodpredictorofvisualresults(e.g.,how many pitscanbeobselwed
on thesurface).Incontrast,polarizationresistance(Rp)isa goodpredictor.

Talk#5,Walker,"SilaneAdhesionPromoters":Thesematerials,applied
eitherasapretreatment(i.e.,a primer)orasan additivetothepaint
material,havebeenshown toimproveadhesionofpaintstoAl alloys.In
general,betteradhesionisobservedwhen thesilaneisusedasan additive.

Talk#6,Mansfeld,Presentedresultsofa studyoftheuseofEIS to
discriminate among coatings over untreated 7075-T6 AI alloy and 7075-T6 Al
alloy which has been pretreated to remove Cu from the surface. The EIS
results for the untreated sample showed a higher impedance in the d.c. bruit,
while the pretreated samples show a "transmission line" type impedance in
the d.c. limit. His conclusion is that is very difficult to discriminate among
coatings with this approach.

Session 2, Moderated Discussion of Topics Introduced at Beginning
of Session:

1. What methods are used for rapid life prediction?
ASTM Bl17
Polarization curves
EIS
ASTM G85 (Acidified salt fog)
"Prohesion Test"
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Electrochemical noise method (for polymeric coatings only)
Various cyclic corrosion tests

5. Do formulators of conversion coatings use electrochemical methods?

- Jenkins: Electrochemical methods used for R&D purposes only.
Carlson: Electrochemical methods used as research tools only, for
measurement of dielectric constant and impedance.

Electrochemical met,hods used only in the measurement of the
dielectric constant as specified by an ASTM method.
Jenkins: It is difficult to correlate the results of any test method with the
results of the salt fog test. It is a mistake to compare electrochemical results
to salt fog results; rather, the important comparison to make is between
electrochemical results and the actual performance of the part in the service
environment.
._arlson: HarrisordGM is now so confused about testing that some
hydrophobic coatings from Parker + Amchem are being evaluated now based
only on their performance in a 3 year service test in a car. Rungta concurs.

168 hour salt fog is often too slow to give the needed real time or
near real time process control required in a manufacturing environment.
There are real needs for faster screening methods.
Mansfeld: How can you expect to test an A1part (that is supposed to last 5
years) in a 24 hour test? The only possible way is be incorporating an
accelerating condition in the electrochemical test.

2. Is American Society for Testing and Materials (ASTM) Test Method B117
(salt fog corrosion test) relevant?

Posed the deeper question, "Did ASTM Bl17 become what is is
because CCC's can pass the test?" Another way of asking the question is "Did
CCC performance dictate the actual conditions of the test?"
Homer: an active member of ASTM for over 30 years, has served on
committees that developed and reviewed test methods. In his opinion, ASTM
B l17 _hould be used as a development too, but not as a process specification.
Carlson: Thinks that in the future, test methods will have to be specific for
individual CC processes as well as for their use in different applications.
ASTM B117 will be complemented by a number of substitute test methods.
Also says that ASTM B 117 is a very subjective test, such as in the
interpretation of the "pits visual to the naked eye" phrase.

There will not be any one test method that is relevant to every
application. Harrison Radiator/GM uses a very specific test method that
makes sense for their particular application.

" 3. What do electrochemical impedance spectroscopy (EIS) and other rapid
electrochemical methods predict? If they are predictive, what are the details

, of the experiment and analysis? What is the correlation, if any, to salt fog
testing? What are the statistical implications?
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They give good information about the status of your coating, but it
is dangerous and even impossible to use them as predictors of service life.
For polymeric coatings, EIS is an excellent technique for measuring water
uptake (capacitance increase), polymer degradation, etc.

EIS also has some subjectivity, something inherent with any
techniquewhichreliesonequivalentcircuitmodelsfordatainterpretation.

A combinationofacceleratedenvironmenttesting,electrochemical
testing,and ASTM B117isthebestapproachtomosteveryproblem.

Itiscrucialtothesuccessofelectrochemicalmethodsto
continuouslymonitorfieldservicedataand feedthisinformationintothe
electrochemicaldatabase.Onlythencancorrelationsbe established.
(_arlson:The strategyreallyshouldbe tofindthetestthatcorrelateswith
fieldservicelife,i.e.,builda testcapableoftestingknown fielddata.
Walkerconcurs.

Do CCC'severfailinthefield?
Walker:InU.K.weapon applications,hehasnotobserveda failurethat
couldbeattributedtothecorrosionofa chromate-conversion-coatedpart.
Golden:A more appropriatequestionwouldcenteraroundthefailureofa
partorsystemwhichhad a completecorrosionprotectionpackage(i.e.,CCC
+ topcoat).He hasbeenintheaerospaceindustry7 yearsand isstillpuzzled
by thecommon practiceofcorrosiontestingofstandalone,chromate
conversioncoatedparts(i.e.,partsthathavenotreceiveda primeror
topcoat). Airplanes, for example, always have 1-2 primer coats and 1 topcoat
on top of the CCC. The difference in appearance of certain U.S. commercial
airliners (the painted planes of United Airlines vs. "clad skin" planes of
American Airlines) represent 2 different approaches to the economic and
maint_er:_-me requirements of corrosion protection.

"Does anyone have a screening method that relates to field service
life?"

Harrison/GM is in the process of uncovering the correlation between
ASTM G85 (acidified salt fog) and field use. Correlation will be in place by
Fall 1994.

Suggests that cyclic corrosion testing (cyclic temperature and/or cyclic
humidity levels and/or cyclic salt concentration), which can be designed to
simulate the cycling between winter and summer corrosion conditions, should
be examined as a more pertinent test than ASTM B 117.
Horncr; Discussions about the relevancy of ASTM B 117 is also going on in
the ASTM B08 Committee on Electroplated Coatings and Conversion
Coatings. Homer invites all interested and qualified people to join the
subcommittee that is examining the possible revision of ASTM Bl17.

4. Can electrochemical methods be as efficient as salt fog for screening? See
above discussions.

6. Do original equipment manufacturer's (OEM's) use electrochemical
methods? Not discussed during this session.
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Session 3, Preparation for Coating:

Goals for this Session, Mansfeld: Outlined the key topics to be addressed
during this session:

, 1. Active component (e.g., Cu) removal or passivation during surface
pretreatment.

2. Alternative surface cleaning and etching methods
3. Alternatives to chromate deoxidizers
4. Environmental, Safety and Health (ES&H) ramifications of alternative

technologies.

Talk #1, Vega, "Surface Cleaning Methods for Zinc Phosphating of Aluminum
Alloys": Presented balanced chemical equations describing the mechanism
for phosphating of metal surfaces. Described the sequence for phosphating
metal surfaces as fbllows:

oxide growth (boiling water, 7 minutes)
zinc phosphate (Fixodine ZN, 30 seconds, room temperature)

Talk #2, Drewien, "Surface Pretreatment of Aluminum Alloys for
Hydrotalcite Deposition": Objectives of surface preparation are to provide
uniform activity on the alloy surface by removing grease, removing non-
uniform/non-homogeneous native oxide, and growing a new, homogeneous
oxide. The surface preparation
sequence is as follows:

degrease
inorganic clean (detergents, mild etchers, non-etchers (e.g.,
those containing silicate inhibitors
deoxidation (basic solution, acid solution, or mechanical
removal)
desmut (if basic deoxidizer was used)

A number of factors are influenced by surface pretreatment, including
adhesion, corrosion resistance, and coating growth and formation. Some of
the environmentally-conscious replacement processes in use are as follows:

degrease - d-limonene
clean- phosphate/carbonate, silicate/carbonate
deoxidize - sulfuric acid containing _,dfates and/or clathrates
(which are H2 and 02 gas adsorbing molecules.

Several references regarding the surface enrichment of certain species in Al
alloys were given as follows:

Mg - Sun, et. al, 1979; Gaillard, et. al, 1984
Cu- Pocius, 1983; Sun, et. al, 1978
Si- Tallant, 1980

, Zn - Solomon and Hanlin, 1980
Cr- McDevitt, et. al, 1976

The sequence of surface preparation steps chosen for Hydrotalcite coating#,

process is as follows:
vapor degrease
alkaline non-etch (Na2CO3, NaSi04)
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immersion rinse
deoxidizer (HNO3, NH4HF2)

Drewi_n then presented a Pourbaix diagram showing the distribution of Al
and Cu species present as a function of potential and pH. She summarized
her talk by saying that surface enrichment of Cu occurs on Al during
deoxidizing pretreatment.

Talk #3, Mansfeld, "Surface Pretreatment of High-Copper Aluminum Alloys
-Electrochemical Surface Characterization": Described Cu removal processes
for 2024-T3 A1alloy:

1. Electrochemical polarization at -55 mV vs. SCE for 30 rain in 0.5 M
NaNO3 + 60 mL_ HNO3

2. 10 minute chemical treatment in a solution made of 22._ g/L
deoxidizer + 100 mL/L H3PO4 (which removes Cu but prevents its
deposition. The basis for these methods is that Cu dissolves at a much
higher rate than AI. The Cu removal process for 7075-T6 alloy is
electrochemical polarization at -248 mV vs. SCE for 30 rain in 0.5 M
NaNO3, (acidified to pH = 1 using HC1).

CCC's over electrochemically- and chemically-prepared samples show much
less pitting than untreated samples when exposed for 30 days to 0.5 M NaC1.
This is based both on visual observation of pitting and on EIS measurements
of Rpit and Cpit.

Questions/Answers/Comments

Carlson: What is effect of copper concentration on CCC performance?
We did not measure that, but it definitely will worsen performance

at some concentrations.
Carlson: There is an industry specification that at [Cu] = 400 ppm, the bath
should be replaced or the copper should be removed from the bath (e.g., by
precipitation).

Talk #4, Hoier, "Alternative Cleaning Reagents for Organic Residue Removal
from Aluminum Surfaces": Presented a talk on the effects of cleaners on
CCC's. Traditional cleaners include:

freons
trichloroethylene (TCE)
trichloroethane (TCA).

Alternative cleaners include:
non-aqueous: terpenes, alcohols, esters
aqueous: high pH cleaners, amines, phosphates, silicates,
proprietary solutions.

Described an amine containing cleaner called Kester 5768. A 10% solution in
water attacks Cu at a rate of 3.5 microgram/min/cm2. Described another
cleaner called Oakite 3800, which has been used on 2024-T3 Al alloy.
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Questions/Answers/Comments

Chalmer:UninhibitedTCA willattackAl.TCA thatcontainssmallamounts
of1,4-dioxaneasan inhibitorwillnotattackAl.
Murohree:Therearea number ofES&H implicationsforthesetypesof
altel;nativecleaners.AccordingtoEPA SNAP rules(whichgovernSignificant
New Alternatives),acceptablealternativesforfreonsand include:

terpenes
alcohols
esters
ketones
supercritical carbon dioxide
perchloroethylene
trichloroethylene
methylene chloride

Unacceptable alternatives include:
hydrogenated chlorofluorocarbons (HCFC's), which will be
outlawed by the year 2020.

Session 3, Moderated Discussion of Topics Introduced at Beginning
of Session:

Ouestion: What is in Deoxalume 2200?
Carlson: Was not willing to give the entire formulation, but did say that
there are no metals or ferricyanide. It is a non-ionic, organic deoxidizer that
leaves AI passive and attacks Cu. Cu dissolves and does not replate.

Describes Deoxalume 2200 as a "chemical potentiostat".
Bibber: Sanchem's non-chrome deoxidizer contains 10%HNO3, NaBrO3, and
wetting agents.

It is important to choose a rack material in metal finishing
operations that acts as a better cathode than the metal alloy being treated.
This will provide a better site for Cu deposition so that redeposition of Cu
does not occur on the alloy.

Providing, for instance, a Pt cathode may, however, not totally solve
theproblemoflocalizedcopperconcentrationincreaseinthevicinityoftheAl
alloyboundarylayer.

RemovingCu duringpretreatmentalsodoesnotguaranteethat
youwon'tetchthroughtheCu-freelayerdown totheCu-containingsubstrate
duringtheconversioncoatingprocess(whichtypicallyoccursatlowpH, e.g.,
pH = 1.8forCCC process).

Session 4, Emerging Coating Technologies:

Goals for this session, Buchheit: There are a number of important factors to
think about when considering new coating technologies. These include:

1. viability of new coatings
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2. matching new coating properties to particular applications
3. determining where gaps exist between the performance of

CCC's and the performance offered by the suite of new
technologies

4. How are the gaps filled (or how are they going to be filled)
both in a technical sense and in a management sense? J

Talk # 1, Sugama, "Sol-Gel Synthesized Polymetallosiloxane Coatings":
Described the use of monomeric organosilanes in the formation of coatings
that attach themselves, via a polycondensation reaction, to the aluminum
surface through a very stable oxane bond (A1-O-Si). The formulation used in
the sol-gel process is:

8-11% organosilane
3-5% metal alkoxide
80% water
6% methanol

Tafel experiments on these coatings have successfully related the corrosion
current, icorr (microamps), to the corrosion rate (milliinches/year). In
addition, they see no significant corrosion after 2000 hours of salt fog.

The processing sequence is as follows:
alkali soak
rinse in water
dry at 100 C
immersion in precursor solution
heat at 100 C to yield xerogel films
pyrolyze at 200 C to form film

Questions/Answers/Comments

The contact angles reported in the presentation indicate that the
film is still hydrophflic, and hydrophilicity is bad for barrier-type corrosion
protection.

They are less hydrophobic than they were prior to aging.

Talk #2, Stinnett and Buchheit, "The Use of Intense, Pulsed Ion Beams for
Materials Surface Treatment": Described the use of proton beams in
aluminum surface modification. Some features of the treatment are:

0.5-1.0 MeV proton beam energy.
Ion range is 3-7 micron in stainless steel (0.5 MeV gives about

5 micron depth in A1).
Energy density is 2-8 J/cm 2 for the melt.
There is high cooling rate (lxl010 K/sec) due to thermal

diffusion into substrate.
Stinnett presented a fairly thorough cost and throughput analysis of this
process, and said 4000 sq.ft./hour at $0.03/sq.ft. is typical.
Buchheit described the corrosion behavior of ion-beam treated A1alloys, and
showed that, for some alloys, the corrosion resistance is significantly
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enhanced, due to the fact that impurities (e.g., Cu) remain in solid solution
and are not available to initiate corrosion. Ion beam surface treatment
protects 2024-T3 and 7075-T6 Al alloys, but does not protect 6061-T6 alloy.

Questions/Answers/Comments

What about fatigue?
Buchheit: Fatigue is currently being investigated.
_ What is the area treated per ion beam pulse?
Buchheit: 200-300 cm2.
Martinez: Can you process 3-dimensional parts?
Buchheit: The process currently uses a 3-dimensional planetary rotation
fixture. It is a "line of sight" process, so it really depends on the details of the
part geometry, but some 3-dimensional parts can be processed.

Talk #3: Buchheit, "Chromate-Free Talc Conversion Coatings for Aluminum"

Questions/Answers/Comments

Carlsor_, Golden: Your polyurethane paint adhesion can probably be
improved by an acid rinse of your coating (since urethane curing is an acid-
catalyzed process).

Talk #4: Chalmer, "Overview of the NCMS Chromate Alternatives Project""
Provided a background of the National Center for Manufacturing Sciences
(NCMS), which was organized under the National Cooperative Research Act
of 1984, which rescinded some anti-trust laws and allowed pre-competitive
cooperative research among industries.

By January 1994, NCMS will make available a thorough report on the
emissions from surface finishing operations, based on an extensive survey of
plating shops in North America.

Chalmer described in detail the NCMS assessment program on the
usefulness of Cr(VI)-free alternative metal finishing processes. This is a 12
month project which will involve the following companies:

Allied Signal
General Motors
Texas Instrmnents
United Technologies
Kodak
Sandia National Laboratories
CTC (Johnstown, PA)

This project will look at the effectiveness of the following coating processes on
. 2024-T3, 6061-T6, 7075-T6, 3005, and 356 A1alloys:

Cerium (Australia)
Cerium (General Motors)
Cerium/Molybdate (Mansfeld)
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Alodine (phosphate and organic)
Alodine (cobamine)
Betz Metchem
Sanchem
Turco
Hughes
Lithium (Sandia National Laboratories)
Lithium + Nickel Acetate (Sandia National Laboratories) ¢
Silicon (Northrup)
Molybdenum (Northrup)
Okemcote (Oakite)
Polymer coating (University of Connecticut)
Other possibilities identified by check of QPL (Mi1-C-81706)

The primary testing protocols will be:
ASTM Bl17 (salt fog)
Potentiostatic test (RPI method)
Mi1-C-81706 (Conductivity)
MiI-C-81706 (Adhesion)

The secondary testing protocols will be:
Acidified salt fog
Other tests

The target start date is November, 1993. The confidentiality and distribution
issues related to the final report are still being decided upon.

Talk #5, Murphree: Presented the threshold limit value (TLV) and
permissible exposure limit (PEL) for a variety of materials that have been
discussed as alternatives during this workshop:

Material TLV (rag/m3) PEL (rag/m3)

Cr 0.5 1.0
Cr(VI) 0.05 1.0
V205 0.05 0.05

Mo 5-I0 5-10
Mn I-5 5
Ce N/A N/A
Ni 0.1-1.0 0.1-1.0

LiH 0.5 0.025
F- 2.5 2.5

Session 4, Moderated Discussion of Topics Introduced at Beginning
of Session:

Martinez: What are t,he stress corrosion cracking issues related to the use of
alternative coating processes? Specifically, do replacement coating processes
need to have the self-healing capability that is a characteristic of CCC's?
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For aircraft applications, a substitute CO coating must have self-
healing capabilities.

Workshop Summary:

Each of the individual session chairs provided over a summary/discussion
session on the topics covered during their sessions.

Session 1

What stage are the commercial replacement coating processes in?
Carlson: Parker + Amchem is in pilot scale phase, are aiming at aircraft
applications in collaborative project with Boeing.

Sanchem CC is commercially available.
Jenkins: Allied Kelite's Chemidize product is commercially available.
Halverson: Birchwood Casey's phosphate polymer product is commercially
available.
Ouestion: What process steps are used in replacement coating processes?
Carlson: Parker + Amchem's process will be in workshop minutes
(viewgraphs).
Bibber: Sanchem process for lxxx, 3xxx, 5xxx, and 6xxx Al alloys is as
follows:

alkaline clean
rinse in mild acid solution, or deoxidize
Sanchem 2000 conversion coating process
final rinse

The Sanchem process for 2xxx and 7xxx A1a]loys is as follows:
alkaline clean
rinse
deoxidize
rinse
boiling water or steam treatment
rinse
Sanchem 2000 conversion coating process
rinse
Sanchem 3000 process
rinse
Sanchem 4000 process
rinse

Jenkins: Allied Kelite's Chemidize 727A process involves the use of a paste,
that is diluted and then applied by airless spray. The sequence is as follows:

1 step cleaning and coating process (produces a 8 rail thick
coating)
dry

, water rinse
dry
paint
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No deoxidizer is needed. Allied Kelite's customers for this process are
predominantly in the aerospace industry.
Halverson: Birchwood Casey's process are contained elsewhere in the
workshop minutes.

Session 2

Provided an excellent summary and overview of the presentations F
and discussions. These are contained elsewhere in the minutes.
Drake: Future CC's are, in his opinion, going to be very application specific.
There will be a world of applications and a world of CC's to cover them.

Zavadih Active Cu (or any other metal) removal may be a misnomer. The
preparation for coating process will probably include some combination of
removal, prevention of redeposition, and passivation (either by incorporation
of a high valence metal, such as Cr(VI), or by complexation of the active
metal).

Session 4

The issue of "self healing", which is one of the key characteristics of CCC's
and is something that would also be desirable in non-Cr(VI) CC's, was
extensively discussed:

Self healing does not happen for macroscopic defects in a CCC (i.e.,
for a visible scratch mark. Rather, it is something that occurs for microscopic
cracks only.
Carlson: Soluble Co(III) is chelated by Parker + Amchem's seal process, and
it gives a self healing property to their cobamine-based CC process. He sees
evidence for soluble Co(III) at deformed areas on the Al surface. In addition,
there is 30 years of Parker + Amchem research that proves that water-soluble
Cr(VI) is, in fact, solubilized to deformed areas and/or scratches in A1CCC's.
Self healing is a real property of CCC's.

Cr(VI) is definitely present in CCC's. Reference: Corrosion Science
1993 article authored by Kendig and his collaborators at Brookhaven
National Laboratories on XANES of CCC's.

XPS does not indicate the presence of Cr(VI) in CCC's.
That is because in the XPS experiment, Cr(VI) is reduced to Cr(III).

Bibber: Cited an article authored by someone from Parker + Amchem that
questioned the existence of Cr(VI) in CCC's.
Carlson: Debated the point with Bibber.
Kendiu: The ratio of the concentration of Cr(VI) to that of total Cr in the CCC
is about 0.15-0.25.
Carlson: Concurs with Kendig on this point.
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Notes from the Third Annual Chromate Replacement Workshop - Set 2

Introduction:

" G. Murphree's (UTRC) presentation on regulations detailed in the Clean Air
Act was followed by a discussion of the hazards of Cr. It was emphasized that

• waste regulations do not distinguish between Cr(VI) and Cr(III) despite the
fact that the former is the carcinogen. Kendig suggested the possibility of
detoxifying waste by electrochemical oxidation of Cr(VI) to Cr(III) and pointed
out that Cr(III) is heavily used in the cosmetics industry. It was suggested
that a mechanism exists in nature to reconvert Cr(III) to Cr(VI) indicating
that Cr(III) may not be a safe, stable reservoir.

Session 1: Commercially Available Products

L. Carlson (Parker+Amchem) presented a discussion of Alodine 2000, a
modified version of cobamine@, being developed through a joint venture with
Boeing. Discussion centered on the characteristics and structure of this
coating. The coating has a tubular, porous structure based on cobalt oxides.
Carlson emphasized that sealing the film provides the resulting corrosion
protection. The sealant is an organic-based reagent that penetrates the porous
structure producing a more impermeable structure. Improved corrosion
resistance for A1 2024 was reported to result from complexiometric passivation
of Cu at the coating/A] interface. The process also benefits from the fact that
film growth is not accompanied by metal dissolution, so no Cu is released. Cu
enrichment at the surface during deoxidation and desmutting can be
eliminated with the use of P-A's Deoxalume_ products.

J. Bibber (Sanchem) discussed his company's MnOx-based CC-A coating.
Discussion focused on the mechanism of corrosion protection. Bibber invoked
the standard chromate mechanism and claimed that a reduced state of Mnn+
is the active agent in the film. The films are predominantly A]203 with MnOx
at the surface. Questions were asked as to why other transition metals, such
as vanadium, did not show similar behavior. Differences were attributed to
the solubilities of the oxides. The hazards of Mn were also a topic of
discussion. Bibber emphasized that the use of K2Mn207 in water treatment is
standard protocol.

F. Mansfeld's (USC) presentation on stainless aluminum generated questions
concerning the respective roles of Ce and Mo in the resulting alumina films.
Mansfeld's understanding is that Ce deposits preferentially at defects sites in

• the film and Mo migrates into the film.

General Discussion: Discussion returned to the question of the relative
" hazardous nature of Cr and other transition metals. A compilation of

permissible exposure levels Mo, Mn, etc. versus Cr is not readily available.
Comparison of more available lethal dose 50% values based on oral injection
provide some insight but do not represent a diagnostic for alternative to
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pursue. Discussion returned to the concept of coating selection based on
application and cost from a host of te'.'hnologies as opposed the direct
replacement of chromate - the goal is "chromate equivalency". It was
suggested that cost might drive selection. An alternate method might be
preferred based on the added cost of administering a chromate program.
Murphree emphasized that the EPA wants to regulate levels and not
necessarily eliminate use. Critical technologies may continue to require a
chromate process. It was pointed out that waste handling regulation treats all
conversion coating processes as Cr-containing irrespective of composition.

Summary of Session 1:
General theme - conversion coating will be application specific - a world of
applications exist.
Process flow charts were generated for the major products discussed.

Session 2: Performance Testing of Coatings

S_,mmary of Session 2:
The relevancy of ASTM Bl17, salt fog testing was discussed. It was agreed
that salt fog testing is easily conducted and controlled. Recent developments
in cycled fog tests with the introduction of corrosive atmospheric
contaminants or drying periods may more accurately depict variations in
environment. However, the test provides only a qualitative response and
pass/fail determinations are highly subjective. Accelerated testing can only go
so far to predict field failure and is not a replacement for field testing.
A list of the electrochemical methods currently be used by attendees to test
coating performance was generated. The question of what does
electrochemical impedance spectroscopy predict was asked given that
performance was evaluated for a limited time. Although EIS can be used to
evaluate the presence of transport paths through organic coatings,
disagreement still exists over the interpretation of anodized aluminum data
and, to a much greater extent, for conversion coatings. The question of
whether it was meaningful to correlate electrochemical test results with salt
fog results was asked.
General conclusion - testing must be relevant to the application, multi-level
testingisexpectedinmostcases.

Session3:PreparationforCoating

ModeratorsMansfeldandMurphreeintroducedfourtopicalareasof
importancetosurfacepreparationforcoating:

Activecomponentremovalorpassivation
Alternatesurfacecleaners
AlternatestoCr(VI)deoxidizers
Environmentalhazardsassociatedwiththeabovealternates

C.Drewein(SNL)presentedresearchand discussionon thepretreatmentof
Alalloysforhydrotalcitecoating.The needtopretreatinordertoachievea
uniformactivityforcoatinggrowthwas emphasized.Post-presentation
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discussion focused on the need to balance traditional and new,
environmentally conscious procedures. A suggestion of using d-limonene as a
potential reagent for organic removal was discussed. Questions were raised
concerning its volatility from a safety perspective.

" F.Mansfeld(USC)presenteoresearchand discussionfocusedon selective
removal_fCu fromA1alloysusingelectrochemicalcontrolasa pretreatment
steppnor tocoating.The goalforelectrochemicalcontrolistofavorCu overAl
dissolution.Relativedissolutionratesarea functionofalloysoelectrolyteand
potentialmust be matchedwiththebehaviorofa givenalloycomposition.
Discussionfocusedonthelikelihoodofsignificantremovaland the
consequencesofincompleteremovalwithsubsequentconversioncoating.The
improvedperformanceobservedinthesaltspraytestsfor2024couldhave
resultedfromtheabsenceofgalvanicallyredepositedCu atthealloysurface
and notsignificantCu removal.Itwas pointedoutthatthepolarizationtimes
(30rain)mightbe tolongfora commercialprocessand thatpotentialcontrol
wouldbedifficultwithpartsofcomplexgeometry.Comparisonwas made of
electrochemicalversuschemicalcontrolofpotential.The term"chemical
potentiostat"was introduced.J.Bibber(Sanchem)explainedtheroleofBrO3"
asa chemicalpotentiostatintheSanchem deoxidizer;BrO3"preventsthe
redepositionofCu by keepingitinan oxidizedstate.Kendigsuggestedtheuse
ofaproximalcathodethatwouldserveasa preferredsiteforCu redeposition.

S.Hoier(SNL)presentedresearchand discussioncenteredon theuseof
alternatecleanersfororganicresidueremovalonmetalsurfaces.The non-
aqueousalternates(terpenes,alcohols,and esters)areallconsideredtoo
flammable.The aqueousalternates(amines,phopsha_es,and silicates)form
highpH (>10)solutions.SallyhasobservedselectivedissolutionofCu (3.6
_tg/sec*cm2)inan commercialamine-basedcleaner.Concernswereraised
overtheuseoflowvolatilitycleanersand thepotentialforcarryingover
contaminants(thecleaneritself)intothenextprocessstep.The extensiveuse
oforganicreagentsatthereducingsurfaceofametalraisedconcernsoverthe
possibilityofpolymerizationand aresultingsurfaceproduct.

G.Murphree (UT)followed-upwithan informalpresentationaddressingwhat
restrictionswere currentlyplacedon whichcommonlyusedreagentsfor
"precision"cleaning:Perfluorocarbonswillbe allowed,fluorocarbonswillonly
be allowedforcriticalapplications,andtherestrictiononbrorninated
hydrocarbonsisstillpending.

Summary ofSession3:
Activecomponentremovalorpassivation:

• The strategy for dealing with an active component will be application
specific. Limited Cu removal from Cu-bearing precipitate phases is possible
through selective chemical and electrochemical dissolution. Galvanic

° redepositionofCu on thealloysurfacecanbeeliminatedwithpotential
controleitherelectronicallyorchemically.Cu removalmay notbefeasiblefor
conversioncoatingofan alloybecauseadditionaletchingofthesubstrateis
requiredtoformthecoating.Passivationmay berequiredtodeactivateCu
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released or exposed during the conversion coating process. Little discussion
was given to possible passivation schemes with the exception of Parker+
Amchem's proprietary organic reagents to penetrate porous cobamine@ films.
Alternate deoxidizers are also expected to be highly application specific.

Session 4: Emerging Coating Technologies

R. Buchheit (SNL) presented research on hydrotalcite coatings for AI alloys.
Interest was focused on film structure and properties. Testing has shown that
1XXX, 2XXX, 6XXX, and 7XXX series alloys all show the characteristic hi-
layer structure, complete with the amorphous, carbonate-free inner layer. The
different alloys tend to have varying amount of different impurities in this
inner layer. Questions were raised about the poor paint adhesion for these talc
coatings. Suggestions were made to produce an acidic surface so as to optimize
interactiGn with the paint.

P. Chalmers (NCMS) presented an overview of the chromate replacement
program. Suggestions were made for specific materials additions to the round
robin tests proposed in the program. Murphree suggested adding Al 2219
because of its high Cu content and its interest to the space flight community.
Vega suggested adding a Li/Al alloy. B. Bonivert (SNL) suggested adding a Zn
alloy because of interest in Zn alloy cladding. Chalmers indicated that non-A1
alloys had been considered but concern existed with burdening the test
program. Concerns were voiced over the time delay between coating and
painting and the impact on test results. Chalmers explained that not all
members would be conducting paint tests.

General Discussion:
G. Murphree successfully tracked down TLV and PEL values transition metal
salts, including Cr. A viewgraph was presented with this data.
E. Martinez (SNL) raised concerns over the fact that stress corrosion cracking
(SCC) had not been addressed during the workshop. Martinez was of the
opinion that Cr activity specifically inhibited SCC. Comments were made that
SCC is initiated at surface flaws and any coating can have an impact on the
likelihood of SCC becoming a corrosion issue. Kendig suggested that a SCC
test can be incorporated into an overall coating evaluation ,_ffort. Questions
were raised as to how corrosion fatigue and SCC can be differentiated in an
electrochemical test. The frequency dependence is expected to be different for
these two processes. Appropriate selection of electrolyte should aid in their
respective identification.

Session 4 Summary:
General conclusion - a suite of methodologies exist for producing anti-
corrosion coatings- the goal is to achieve chromate equivalence for a given
application- this approach is in opposition to seeking a single replacement.
Discussion of chromate equivalence brought about discussion of the
mechanism of self healing of a coating. The active agent in chromate films is
thought to be Cr(VI). Kendig commented on measuring 15% Cr(VI) using X-
ray Absorption. Carlson concurred with this observation indicating that they
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routinely measure 15 - 20% Cr(VI) in Alodine coatings. Coating dehydration
leads to Cr(VI) loss. Leaching studies by Kendig suggest a time constant of 10
- 15 days for Cr(VI) in the film. Carlson claims that self healing properties
have been observed with the Alodine 2000 coatings. The active agent is
reportedly Co(III) stabilized by complexation with the organic infiltrant.
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Notes f_om the Third Annual Chromate Replacement Workshop - Set 3
Supplements to Attached Vugraphs

Introduction:

GailMurphree;
--AirborneCrVI standardwillreduceby factorof200.
--EPAsaysCrVI isonlistof190materialstobe restricted.

Session I:

TalkI.Larry_Car_
Alodine2000joimdevelopmentwithBoeingAlodine2000ina no-chrome
conversioncoating.
Goal--developcoatingtopassMIL-C 5541,MIL.81406.

Process:
1. Aqueousdegrease 7. Alodineinorganic2000
2. Tap H20 rinse 8. Tap H20 rinse
3. Deoxalume2100 9. Parker-Amchem(organic)Sealant
4. Tap H20 rinse 10. Tap H20 rinse

5. Deoxalume2200 11. Oven dry 160OF
6. Tap H20 rinse

Alodine2000-known previouslyasCobamine
--nometaldissolution
--nofluorides,PH 6-6.2

--coatingwt.25-250mg/R2
--coatingcleartodarkgold
--cleartoabout30 mg/ft2
--chromatescleartoonlyabout5 mg/ft2

InCarlson'svugraphon saltspraytesting,PASS means >95% passedthe
fewerthan9 pitsfor3"x9"panelrequirement.

Talk2.John Bibber;
--KMnO4 baseddeoxidizer/coaterpH about7
--Usedand approvedformailboxes.One dipprocessgoodforlxxx,

3xxx,6xxxA1 alloys.
--Comesinmany colors
--TheyfeelthatsimilaritiesbetweenMn and Cr yieldpositiveproperties.
--TheygetmixedAl/Mnoxides

Talk3.Don Baudrand:
--Chemidize 727A Aluminum paste cleaner and organic conversion coating
--Primary use is for subsequent bonding by paint
--Cleans SS and chrome
--Cleans surface for up to 12 months storage before painting
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-.Brush on/spray on application
..Gel formulation

Talk 4. Dave Halverson:
Phosphate Polymers

O

--Zinc Phosphate/Chromate - Phosphate polymer bath
--Reacts with metal
--Form anchoring voints with surface
--In the film, Cr'VI-,reduced to CrIII during curing
--Cross-linking occurs during curing
--Curing makes hard, barrier coat
.-Suitable for paint base

Talk 5. Florian Mansfeld:
Cerium/Moly complex Process:

for A16061
Degrease
Deoxidize
Bake to get A1oxide
Boil in Ce Nitrate
Boil in Ce Chloride
Polarize in Sodium molybdate

for AI 7075 do
Nitrate
Molybdate
Chloride in this order

Session II

Martin Kendig-- Goals

-What methods are used tbr life prediction?
-Is ASTM B 117 relevant
-What do EIS and other electrochemical (echem) methods predict?

Correlations established?
Statistical implications?

-Can echem be used for screening/process develop?
-Do formulator or end user use any echem methods for qualifying?

Talk 1. Martin Kendi¢:
. Comparison of Echem and salt fog

Found correlation between salt fog passing and Rp (polarization resistance).

• Rpo-pit resistance doesn't correlate too well with salt fog. But they see some
correlation of wettability (measured with contact angle) and passing salt fog.

Want hydrophobic surface.
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Comparison between echem and fog:
echem is submerged -- fog is thin layer. Increased corrosion and 02 in
thin layer.

Talk 2. Tony Hushes:
Characterization techniques XPS

SEM °
EIS
Salt fog

Data on 1000 samples .- salt fog, Tafel slope.

Aging at different RH's indicate early coating failure at 0% RH. Drying of
coating. Cracks occur in dry atmosphere aging. Mild or no correlation
between salt fog "time to visual corrosion" and impedance. Some correlation
of icorr (corrosion current) with performance.

Talk 3. Peter Walker:
Specifications define conversion coatings.

Do we need 14 day salt fog resistance? Do we need conductivity? Contrast
preparation conditions of Hawaii and Albuquerque. Do you get different
coatings? Yes, Tony Hughes results suggest. This was Florian's question
initially. Identical chromate solutions yield different coating weights in
successive trials. Different coating weights yield different salt fog failure
times. Pointed out salt fog testing differences between wrought and rolled
alloy.

-Conductivity: bulk vs. surface, contact resistance, contact pressure.

-Adhesion: What method are we measuring adhesion or coating elasticity?
What humidity measured at?

Informal Presentations:

Peter Walker:
Adhesion promoters other than chromate conversion for paint
overlayers. He recommends silane promoters. Showed excellent
increases in adhesion compared to bare Al for various paint topcoats.
Studied with and without water exposure. Non-toxic.

g

Ray Taylor:
Replacement for Strontium chromate in Pigment. Examines Rpore and Rp
vs. exposure time. Work in progress. Sees 3 time constants in impedance
data. Rpore/C and Rp/C and some diffusional RC (solid state). New time
constants appear with increased exposure. Point: diagnostic on impedance
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plot may be at low freq. causing long experiments. Look for diagnostic at
high freq. for quicker experiments.

Session III
D

Talk 1. Luis ye_a:
Zinc Phosphating of Aluminum Alloys

-Goal -- Process steel and Al in same system
-First step -- grow oxide in boiling H20-oxide thickness grows then slows with

time after about 30 sec.
-Increasing oxide thickness begins to yield voids in oxide.
-Zinc phosphate coating on oxide deteriorates when oxide thickens > 50 nm.
-Zinc phosphate coverage on 5030 steel greater than on AI C210 or 7003

extr_sions.
Future -- Pretreat to enhance AI coverage.

Talk 2, Celeste Drewien;
Surface pretreatment before coating

ASTM B253-Surface preparation for plating on Al
--Purposes of preteatment -- clean organic/inorganic debris, remove native
oxide, grow uniform Al oxides, remove alloy constituents that are
undesirable.
--Effects of alloy heat treatment
--Mg enriched by oxidation T>450 C affects adhesion

Talk 3. Florian Mansfeld:
Electrochemical pretreatments for A1

-Cu more active than AI in NAN03 solutions.

-On exposure tests vugraphs in O.15N NaCI, pitted area (%)measured by
impedance.

-AR on Florian's vugraphs means as-received.

Discussion:

Larry Carlson:
Deoxalume 2000 (non-etching desmutter-it removes Cu)

-no ferricyanides
' -no chromates

• John Bibber:
Sanchem Deoxidizer 1000

sodium Bromate + 10%HN03
Lockheed is using it
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James Fournier
Their chromate elimination team found that there was no significant

effect of deoxidizer on performance of chromate conversion coatings.

Gaff Murohree:
No-n-Acceptable cleaners: perfluoro carbons

some HCFC's
brominated hydrocarbons

Session IV

Talk1.ToshiSu_ama:
Solgelcoatings

Composition:Si,Zr,O,CIpolymer
Process: 1. Alkalisoak 2. Rinse

3. Bake 4. Sol-geldip
5. Cure 6. Pyrolyze

Talk 2. Re_an Stinnett:
Metal cleaning using pulsed power

-RHEPP = Repetitive high energy pulsed power
-Treats > 100cm 2 at a time. Chamber P=100 mtorr, part must be at partial
vacuum (industrial type -- not research type vacuum).

Talk 3. Rudv Buchheit:
Talc-based coatings for A1

-Temp effect--Talcoutgasses@ 115-160oc
-BilayerstructurepresentonallA1 alloystested,1100,6061,2024,7075.

Talk 4. Paul Chalmer:

-Chromatereplacementproject
-Over12months,testemergingtechnologiesinaboardrangeofapplications,
usingdifferentmember companies.

-Substrates: 2024, 6061, 7075, 3005 alloys, cast alloy 356

Suggestions: GailMurphree:2219alloy
LuisVega:AI-Lialloy-Hecouldsupplythem

-Participantscontributing$10-40Kin-kindeach
-NCMS contributing$60K
-Total Project $250K
-Testing clone in-kind
-Funds for environmental impact studies.
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-Testingtodo:
Primary SaltsprayperASTM B 117

Potentiostatictestingby RPI
ConductivityperMIL 81706

" Paint adhesion per MIL 81706

-Samplespreparedby eachsupplierusingtheirown pretreatments.

-Finalreporthopefullywillincludeassessmentofeverycoatingand every
testresultidentifiedby coating.

I

FredDrake:suggestswatchingoutforpaintingonold,preparedsubstrates.
May getdifferentresultsthanifyouhad paintingonfreshlypreppedsurface.

Discussion for Session IV:

Ed Martinez: What about stress corrosion cracking (SCC) and chromate
conversion coatings?
Consensus from Rudy Buchheit. Johnny Golden. Celeste Drewein is that SCC
is not affected by coating as long as it protects. But Martin Kendig says CrVI
in coating could be aiding in preventing SCC.
Johnny Golden discussed fatigue vs. SCC testing at Boeing.
Mel Jenkins said NADC did extended study on SCC and chromate conversion
coatings.

Question to Sugar, a: What is the MW of organic chain. Does alkoxide MW
affect coating?

Cross-linking depends on MW

Workshop Discussion and Summary:

Session 1

_JohnBibber: 7 years of research on Sanchem process. Working with several
companies. We can get references for users of all commercial products.
Working with Warminister on Naval Air Uses. 2 processes -- one for 1000,
3000, 5000, 6000, one for 2000 and 7000 series. Final seal is a silicate seal
producing an aluminosilicate.

_el Jenkins: AI paste single step process for large structures. For paintingB

on or spraying on. No clean necessary generally. It cleans and coats in one
step. Thickness about 8 rail. After drying then ready to paint or adhesive

• bond.

Session2
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Martin Kendig: Stressed that we should not forget the SCC issue.
Fred Drake: noted that we must link application with particular coating.

Session 3

Gail Murphree: Fit deoxidizer to application. Non-chrome deoxidizers
appear to substitute nicely for chrome-based deoxidizers.

e

Kevin Zavadil: Mix of metals in bath can give you mixed potential and
preferential etching.

Session 4

Rudy Buchheit: Final discussion about scratching and healability.
Discussion then turned to CrVI vs. CrIII. Which are present?
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Summaries of Sessions II and IV
by the Session Moderators
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Session II: Performance Testing of Coatings

I..Summary of the Discussion of Papers

"Comparison of Electrochemical Analysis to Salt Fog Behavior of Non-
Chromate Sealed Anodized AI and Non-Chromate Conversion Coatings"
(Martin Kendig)

What was the thickness of the sol gel tested?

Presenter: They are on the order of several microns

Florian Mansfeld suggested that rather than look at Rpit, it would be of more
interest to look at dRpit/dt. He also commented on the differences between
salt spray and salt fog. Salt fog is much more severe because of the thin layer
of concentrated salt solution.

Can changes in the phase angle be used to predict the quality of the sealing
process?

Presenter: Although the phase angle can reflect pore development, it is not
predictive of performance.

Luis Vega asked was a CPE used to model the oxide capacitance?

Presenter: It accounts for the chemical heterogeneity of the oxide among
others.

Ray Taylor added that the CPE behavior is ubiquitous to EIS measurements
and can result from surface roughness, chemical heterogeneity and non-
uniform current distribution. Aluminum is particularly susceptible to CPE
behavior caused by surface roughness.

Isn't _he polarization resistance value a function of the test solution? Should
you use acidic solutions?

Presenter: Yes, Rp will be a function of the test solution. The acidity to use
would depend on what environment you were trying to simulate.

"Electrochemical Evaluation of Corrosion Performance of Conversion °
Coatings"(Tony Hughes)

Are there different mechanisms for the different coatings which require
different models for interpretation?



Presenter: Possibly.

Martin Kendig pointed out that an Rp of 10-30 Mohm cm2 correlated with
passing the 168 h salt fog test - a result that is consistent with Rockwell results
but it is not known whether this value applies to all alloys (other than for the

" observed anodized 2024-T3 materials).

Florian Mansfeld suggested that the performance of conversion coatings may
depend on where you age it (e.g. Hawaii vs. Albuquerque).

This met with general agreement.

"Testing and Specification of Conducting and Protective Coatings for Al
Alloys" (Peter Walker)

A participant from Allied Kelite pointed out that failures on Ni plated
aluminum memory discs occurred at intermetallics, reminding us that the
ability of a conversion coating process to protect aluminum may be limited by
second phase particles in any given alloy.

II. Chromate Replacement Workshop -Report of the Performance Testing of
Coatimzs Discussion Session

v

The discussion session focused on the following questions:

,*What methods are used for rapid life prediction?
• Do formulators use electrochemical methods?

• Do OEMs use electrochemical methods to control and/or qualify processes?
• Is ASTM Bl17 relevant?

• What do EIS and other rapid electrochemical methods predict?
• What sort of accelerating environment should be used?

The discussion can be summarized in the following:

• What methods are used for rapid life prediction?

Methods used for predicting corrosion resistance include: B 117 salt fog,
potentiodynamic polarization and polarization resistance measurement, EIS,
G85 acid salt spray, 'Prohesion', electrochemical noise, cyclic corrosion tests.

" • Do formulators use electrochemical methods?

• Parker+Amchem, Allied Kelite, and Sanchem representatives all said that
they use electrochemical tests including dielectric measurements, ac and dc
resistance measurements. These tests are used only for a point of reference
and some screening. The formulators pointed out that the customers require
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salt fog tests which are usually used for screening. It was pointed out that
effort replacing the salt fog test with an electrochemical method should not
focus on correlating electrochemical methods with salt fog, but rather
correlating electrochemical methods with field experience or the 'real world'.
Perhaps the best approach is to find a rapid test to correlate with field
experience.

• Do OEMs use electrochemical methods to control and/or qualify processes?

Boeing has used electrochemical methods for screening, but would like to use
rapid electrochemical methods in the production environments. Here rapid
means test completion within 24 h. In production, the concern is not to
predict corrosion life, but rather to recognize abnormal process conditions.

Ravi Rungta (GM) said that he uses electrochemical techniques for screening
in limited applications, e.g. impedance of coating can be related to bath
properties. They also use polarization resistance as determined by DC
methods.

• Is ASTM B 117 relevant?

The above test is relatively easy to perform, is well controlled, represents a
recognized norm, and detects changes in the process. Instances of the
irrelevance of Bl17 to field conditions can be cited, in particular the order of
Zn and Cd behavior in actual atmospheric exposure is reverse that from salt
fog testing (Jack Homer). Indeed, there exists a considerable body of experience
which suggests that the salt fog test does not correlate with environmental
exposure. In general, salt fog testing does not correlate to field data but gives a
"norm" by which things can be compared.

Other problems include the actual interpretation of the results since the
pass/fail decision is highly subjective. Any rapid exposure test must be
relevant to the application.

In general, it was pointed out that field experience should drive the
development of a relevant test. Furthermore, acceleration should reproduce
the field failure. However, it is not dear as to exactly what is the failure mode
of conversion coatings (chromate or other). Cyclic test and accelerating
chemistries (acidic) have been suggested. In the automotive industry, neutral
salt + S02 relates to the service environment for certain parts. Comparable
failures would take 3000 h in B117 test. "

As a related issue, the question regarding the necessity of chromate
conversion coatings for inhibiting SCC and CF has not been completely
addressed. Do non-chromate films that resist pitting in salt fog have the same
level of resistance to SCC or CF? This remains an important question that
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should not be neglected.

ASTM committee B08 deals with many of the issues brought up during the
discussion of this question.

° • What do EIS and other rapid electrochemical method_ _redict?

. It is the consensus that EIS will not predict very long into the future, a 10 year
life for example. However, EIS accurately and quantitatively describes the
state of the coating at open circuit and non-destructively. (The impedance
behavior for organic coatings, for example, is well understood.) It provides a
useful research tool to characterize the kinetics of the degredation process.

It was suggested that the quantitative parameters from EIS for coatings may be
used in statistically designed experiments. There was one word of caution
that the interpretation of EIS is not entirely unambiguous in all cases.

A test that provides a continuous output rather than a binary pass/fail (like
the salt fog) would be useful.

• What sort of accelerating environment should be used?

Regarding accelerating environments, the following points were made
throughout the discussion:

- The acceleration should reproduce field failure,
- Acidified salt fog and cyclic corrosion tests should be considered,
- An accelerating environment in conjunction with electrochemical methods
is necessary to develop corrosion life prediction,
- SCC and CF testing should also be considered. This point was not brought up
in this session, but was considered important during one of the other
discussion sessions,
- A lower chloride environment for organic coated materials should be
considered as possibly more aggressive.

• Miscellaneous: During the summary session, the meeting organizer posed
the following: Does corrosion testing of bare aluminum make sense, since it
will be primed and coated?

In light of the session discussion, the session chairman suggested that it
° would make more sense for coated material to pass accelerated exposure

using an accelerated test environment which simulated the field.

Rudy Buchheit brought up the issue regarding the wisdom that solving the
problem for 2024 will then lead to solutions for all alloys by asking "Should
we be looking at different coatings for individual materials?" There may be
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some coatings which will not be applicable for protecting Al 2024-T3, but can
protect other alloys. It was pointed out that cast alloys may be as hard to
protect as Al 2024.

Summary

The one theme of the discussion seemed to emphasize that there is a clear
lack of connection between rapid electrochemical or accelerated exposure test
methods and field behavior. Correlation would clearly depend on the
particular application. In general, rapid testing, both electrochemical and
accelerated exposure, provide for screening and process control. In the case of
the Bl17 salt fog, it is recognized by customers, and easy to perform if not
directly correlated to all or maybe any field behavior. Regarding the
development of rapid electrochemical methods, effort would be better spent
correlating it to field experience rather than the salt fog or other accelerated
tests.
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Emerging Coatings Technology

This session began with four presentations representing surface treatment technologies that may
offer processes capable of replacing chromate-based metal finishing operations. Toshi Sugama of

• Brookhaven National Laboratories provided an overview of sol.gel synthesized
polymetallosiloxane coating methods for aluminum alloys with emphasis on processing
reactions, routes and resulting coating structure. Regan Stinnett of Sandia National Laboratories

" outlined a development effort underway at Sandia and Cornell University aimed at exploring the
use of intense pulsed ion beams for generating rapidly solidified surface layers on aluminum
alloys up to tens of microns in thickness for corrosion resistance. Rudy Buchheit, also from
Sandia, presented a summary of results from an effort to develop a chromate.free hydrotalcite
(talc) conversion coatings for aluminum using simple low-cost chemicals and traditional metal
finishing processes. Finally, Florian Mansfeld from the University of Southern California
presented results from work aimed at passivating aluminum surfaces in cerium and
molybdate solutions under conditions of electrochemical polarization.

Additionally, Paul Chalmer of the National Center for Manufacturing Sciences (NCMS)
provided an overview of the NCMS Chromate Alternative Project scheduled to begin in late
1993. This effort will comparatively examine the viability of approximately 20 candidate
chromate alternatives. This project will undertaken by a consortium comprised of partners
representing the commercial sector, universities and the National Laboratories with project
coordination by NCMS.

The moderated discussion for this session was wide ranging with focus on general issues such as
"why replace chromate in the first place ?", and specifics like "what emerging technologies
are capable of generating self.healing coatings ?" (answer: none yet).

There is apparently no lack of motivation for continuing to develop alternative metal finishing
operations for chromate-based light metal finishing. For example, Gail Murphree from NASA?
pointed out that the Occupational Health and Safety Administration (OSHA) is proposing a 200
fold reduction ( 100 lag/m to 0.5 _tg/m3) in Permitted Exposure Limits (PEL) for airborne
chromium in the workplace by 1995. Several anecdotal reports were made concerning
difficulties in finding certified dump sites willing to accept chromium-bearing sludge for
disposal. It was also pointed out that government agencies will regulate based on chemical
species and not on oxidation state. The net effect being that metallic Cr, Cr (III), and Cr (IV)
will be considered equally hazardous from a regulatory perspective.

It was clear from the presentations and discussions that the technical arena for chromate
alternatives is still wide open. No single technology has yet emerged that can serve as a
"drop in replacement" for chromate conversion coating. For example coatings that offered
outstanding corrosion protection were typically, formed through complicated processes that are
difficult to implement. Conversely simple coatings methods do not yet offer coatings that can
provide corrosion resistance to high-Cu aluminum alloys.

The ability of an emerging coating technologies to gain trust among metal finishers was
' identified as a crucial component for widespread acceptance. The metal finishing community

recognizes chromate conversion as the benchmark for inorganic corrosion resistant coatings for
• light metals, since chromate-based processes have been used for so iong in so many applications

with acceptable levels of performance. Recognition and trust is something that few if any of the
emerging technologies currently enjoy. It is likely that lack of trust will slow acceptance of new
technologies in favor of traditional ones. For the future, however, the prognosis is that
chromate conversion will not be replaced by a single technology, but rather by a suite of
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technologies that are selected based on application-specific performance requirements. It is also
likely that chromate conversion will never be fully replaced, but rather a cost premium will be
associated with its use for a given product.

What emerging technologies are available for metal finishers to choose from? Based on
discussions at the Workshop, Martin Kendig devised Figure 1 which shows individual
technologies, how they might be.categorized, and relationships among similar technologies.
Essentially emerging technologies discussed fall into three basic groups: 1.) Conversion
coatings - where the substrate material is "converted" into the protective oxide coating through
chemical or electrochemical action, 2.) Coat|ngs - which are, for the most part,compositionally
distinct materials applied to the substrate, and 3.) Surface modification - where the composition,
structure, or chemistry of the surface is altered, without necessarily growing a thickened barrier
oxide, to enhance corrosion resistance.

In the end, the group agreed that the metal finishing industry if facing a fundamental
technological change driven by regulatory constraint that is being imposed on chromate-based
processes. No single technology has yet emerged that offers simple fabrication methods and high
corrosion resistmlce for all AI alloys. However, with continued research and development it
appears possible that progress in emerging technologies will be sufficient to offer the metal
finishing industry acceptable alternatives that will enable regulatory compliance in the next 5
years.
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Introduction to _he Workshop

Terry Guiiinger
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Introduction to the Workshop

. .Workshop HIMory

- -Year 1: Mostly Sandla
-Year 2: .Addaerospace companies
.Year 2.5. Recognized other workshops exist
.Year 3: Expand to Involve other industries

.Other Workshops

-DoD/AIr Force
-Automotive

-utrterl

•Goal of this Workshop

-Recognize suite of replacements exist
-Match replacements with existing needs
-R__nize similar needs from dlssim.ar Industries

•Looking Ahead

-Improve communication with other workshops
.Include representatives from all other workshopsExpand our attendee list to Include other Industries
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Properties of Chromate
Conversion Coatings

for Aluminum



Objective

* How chromate conversioncoatingsare formed

* Commonstructuralfeatures andproperties

-_ * Howconversioncoatingsworkandwhy

* Processvariablesandeffectsonperformance



ChromateConversionProcessesare long-standing,
strongly entrenched technologies in the metal
fininshing industry.

* widely used
* easily implemented
* processesare optimized
* field tested

t_

PerformanceMetrics:

* Corrosion Resistance
* Conductivity
* Adhesion
* Thermal Stability
* Lubricity
* Appearance

@

• ql,
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Chromate Conversion Coatings

Uses:

* =stand-alone"corrosionprotection

* improvedpaintadhesion

* decorativefinish

Applied by :

* immersion * dip& squigee
* spray!ng * electrostatic spray
* brushing * anodicdeposition

Applied to:

* Aluminum * Copper * Magnesium
*Zinc *Tin * Cadmium
* Steel * Silver * others...

Technologies have been used for 40+ years:

* mature * optimized
* field tested * easily applied



'Generic' Chromate Conversion Process for
Aluminum

surface prec_p=ta•
Deoxidize/Desmut HNO3/HF or NH4HF2 Removeoxides/

Activate Surface.

Coat Cr2072-/HF/(CN)66" DevelopCoating

Age water/air Harden Coating

• Rinsebetween each step to avoid "dragin"
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The Conversion Process

Chromateconversionis a redox process:

2AIO+ Cr2072-+ 2H* + 6HF --, 2AIF(aq)+ 2CrOOH(s)+ 3 H20

CrS++ 3e- _ Cr3. isthe reductionreaction

AI --->AI3++ 3e- istheoxidationreaction

Normally,A13*hydmlyzesinsolutionto forminsolubleAI(OH)3:

AI3+ + 3H20 _ AI(OH)3qLs)+ 3H+

In the presenceof HF : i
i

AI3+ + 3F- --, (AIF2+,AIF2+, AIF3)(aq)

which increases aluminumsolubility.

* Increasesthe amountof chromiumoxidesrelativeto aluminum
oxidesinthe film

* Preventsprematureformationof aluminumoxidesthatstopthe
redox process



I I II

How Chromate Conversion Works:
1

H2Cr207+ 2AI "--_Cr203 + AI20 3 + H20 .
Cr('++ 3e - Cr3+ |.

A!o AI3++ 3e l"
Cr6+_ dch .

Ij ; 4
(_ <:!iii!:_::_:!i_z:ii_i!!!_! _ _

jrnm ¢mm_

Ii

ii

41

100 to 1000 nm thicknessesare produced |
!

amorphousto crystallinestructuresare reported

functionsas a barrierto the environment o , : • .
ileen_ lrmm,m=

highelectronicresistivityinhibitsETR HE Townsend,JES, 1984.

like H2 and 0 2 reduction



Corrosion Failures of Conversion Coatings

* lackofcoverage

* mechanicaldamageeg. scratches

* precipitates,impurityparticlesordepositsat the metalsurface
L,_ . .

...j

In the presence of a condensed electrolyte, local galvanic cells
are established at coatingbreaks.

Chromateconversioncoatingshavethe capacityfor =self-healing"
scratches that am not too large.



Coating Designations

Class I 30 - 100 yellowtobrown corrosionresistance
for paintedand unpainted
Iurfacel

Class 2 10 - 35 irride=centto yellow corro=ionresistance
paintb_e

Class3 notspecified coloden to light low electdoalrejstiv__llow decorativefinish

Oo

Grade 2 20 - 40 colodessto tan low electricalrell_

Grade 3 20 - 90 lightyellowto brown corrosionprotection

ASTM 9904151

Class I Grade 3
Class2 Grade 2
Class3 Grade 1



Process Variables

Surface Condition:

Si, Fe beatingimpurityparticles
Copper
scratchesare acceptable
surfaceroughnesscommensuratewitha mill
finishperform=well

AlkalineCleaner:
L_
_D

etch cleaned surfaces do not performas well as non-etch
cleanedsurfacesin saltspraytesting

Deoxidizer:

contaminationlimitsmustbe observed:

12 ppm< CI-< 350 ppm

Cu2*, Fe2+< 50 ppm

7,000 ppm < AI3+< 11,000ppm



Process Variables (continued)

Coating Bath:

pH 1.8:L-0.1

CI- < 200 ppm or (CI- + SO42- ) < 4(X) ppm
SO42-< 800 ppm

Influenceof [AI3+]and [CrS+]/[Cr3+]isdebated

° Temperature70oto 850F isreportedto generatesatisfactory
coatings

Post-CoatingAging

A minimumof24 hoursisrequiredto agethe coating

Agingtemperaturesinexcessof 140oto 1500F are not
recommended



Performance Metrics

Corrosion resistance

Conductivity

Adhesion

Lubricity

Appearance

Dimensionalstability

Relativeimportancedependson application.

I II



Corrosion Performance- Salt Spray
(per ASTM Bl17)

(AI-1.2Mn-0.12Cu) ClaSS1 250- K)0

7075-T73 class_ (Alodine16__,S) < 168(AI-S.SZn-2.SMg-I.SCu) class (Nodine <168
7075-T6 class 1 (Alodine 1200 S) > 168

7175-T73 class1 (Alodine600) >/< 168

o, (same? 7075)2024 T3 class I (AJodine1200 S) < 48
(AI-4.4Cu-1.5Mg-O.6Mn)
6061-T6 class1 (Alodine1200 S) > 168
(AI-1.0Mg-0.6Si)
1100 class I (Alodine 1200 S) > 168
(AI-0.S(Fe,Cu,Si))
Bare Alloys none < 24

Rules of Thumb:

Betweenalloyclasses,salt-sprayperformancefol_ alloysuscep_ to localized
corrosion.

(best)5xxx,6xxx> 3xxx,lxxx> 7xxx> 2xxx(worst)

Betweentempers:

Peakaged> Overaged

w 4 Jb

II



Corrosion Performance- Electrochemical Impedance
Spectroscopy

Log xtot_ (C:--cm

bare 3.01
2024-'I"3 classI (Alodine1200 S) 4.0- 5.01,2

bare 3.0 - 4.01#.
6061-T6 classI (Alodine1200 S) 6.91

bare --
7075-T6 classI (Alodine12_ S) 4.7- 6.51,3

bare 2.01
7075-T73 classI (AJodine1200 S) 5.53

Aerated0.5 M NaC4,I:)H_5.5 for3 hours.
0.5 NaCI,_1_2.0 for20 minutes.3. _ 0.5 M NaCI, 5.5 for2 hours.

EIS Advantages:

* Quantitative
* Sensitive
* Rapid
* Relevant?
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Resistivity Measurement Techniques

Aluminum jCoating

Mercurymeasuresa
resistancewithoutbreaking
the coating- More represen_
of intrinsicresistivity

ii i ! ,

" _ Fourpointprobe(and
similartechniques)measure
a contactresistance-
coatingisprobablyfractured

',/ \ / \ I
Coating

Aluminum

Bothmeasurementsare useful.



Resistivity

1100 (Alodine) 0.311 101o 3.8x107
2024-T3 (Alodine) 0.291, 2.02 2.4 < 104 < 104
6061-T6 (Alodine) 0.36
_F075-T73(Alodine) 172
'_075-T6 (Alodine) 0.291, 2.02 33 7.1x106 1,5X105_ 7

AllAlodinecoatingsare class1

four i:_!ntprobe with no load control
1_ fourpotntprobew=th200 psicontactpressure,per MIL-C-81706

5 mQ is passing
12 to40 mQ isa highcontactresistance

Jl •
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Paint Adhesion

Paint adhesion is much betteroncoatedsurfacesthanonbaresurfaces

Exposuretestingis normallyperformedon paintedcouponsthatare
scribed
exposureper ASTM B117

* resultsin "filiform"corrosion
* damageisusuallycosmeticand notstructural

._= Ingeneral,performancedependson"

* compositionofthe basealloy
* alloytemper
* integrityofthepaint layer
* typeof pnmer(conversioncoat)used
* surfacepreparation

Typicallythereislargescatterinthetestdata

Difficultto identifyrootcauseof failures

One consistenttrendhowever:

Filiformcorrosionincreaseswithincreasingcoppercontent



Effect of Elevated Temperature on Chromate
Conversion Coatings

Industryconsensusisthatcoatingshouldnotbe subjectedto temperatures
higher than 1200 to 140o F for air or water ex_sum.

9904151 specifically indicates:

* post coming rinse water shall not exceed 150o F and dnse time shall be
minimized

O0

* heating (in air) at temperatures exceeding 160o F for 2 hours can cause
significant deteriorationofthe coating

Coating Dehydration and phase transformations have been pml_sed to
account for coating deterioration:

2CrOOH --> Cr203 + H20

amorphous--->crystalline

Class1 coatingsare probablycrystalline



Q •

Salt Spray Results for Alodino Coatings on Alloys
1100, 6061-T6, and 7075-T6 Subjected to Ambient

Anr Exposure at Varnous Temperatures

emp.

25 Pass Pass Pass Pass Pass Pass
70 Pass Fail Pass Pass Pass Pass
115 Fail Fail Pass Fail Pass Pass
16(5 Fail Fail Pass Fail Fail Fail
205 Pass Fail Pass Pass Fail Fail
250 Pass Pass Pass Pass Pass Pass
300 Pass Pass Fail Fail Fail Fall

Salt Spray performedper ASTM B117 and MIL-C-5541D

Exposuretime:168 hours.

A, B referto couponnumbers

4"X 5"couponswere tested



Test Data vs. Service Data

tends to be weak

;r°e_lS_ment I ! _ieelrvdicTeel__taI Nofailurestoreport? iNotinspected?

Notaccessible?

Notpatient?

LabTest, , ,,,,,_ Implement
Qualify

Conversioncoatingsare engineeredto pass
saltsprayexposure

Are coatingswithlowercorrosionperformance
acceptable?

41- •

p •
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The Effect of Copper
SSSS _ GP zones --, S'(AI2CuMg) _ S(AI2CuMg)

AI2CuMg underaged _ r=--_-__'-_.P_.T" .-.eOVa'

"_ T3,T4 _ 1"6 --, 17

- .. Cuinsolidsolution
..

-._ In Cleaningsolutions:
t_

3+ 2+
AI Mg

IB IB
/ 0..

a Cu-richdep¢;its



Summary

Positives...

Chromate conversioncoatingofaluminumis a trustedtechnology

Satisfiesa rangeofengineeringneedsforaluminumsurfaces

It isthe standardagainstwhichlow-toxicitysubstituteswillbe judged

Negatives...--.4

Wide variety of factors can influence performance

Failuresare notalwaystraceable

Somestructure-propertyrelationshipsare notwellcharacterized

° thermalbreakdown
* selfhealing

Chromateconversionis probab.lyusedindiscriminanfly:..
NeedforchromateconversionJsnotalwaysbalancedwlththe
demandsofthe particularapplication



Session I:
" 1Commercial y Available Products

John Bibber and Larry Carlson
Moderators
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ALODINE® 2000
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A REVTEklAND UPDATEON

NEWNON-CHROMXtIM SURFACETECHNOLOGY

FORTOMORROW'SENVIRONMENTALDEMAIIDS

--.i

TIITRDANNUALMORKS_ ON

CHROMATEREPLACEMENTSIN LIGHT METALFINTSH][NG

Lawrence R. Carlson, CEF

Technical Research Hanager

General Line Al_um

PARKER+AHCHEH



ALODINE® 2000

INTRODUCTION-.

THE BOEING COMPANYAND PARKER+AMCHEMJOINTLY AGREEDTO _ TGGETdEIt

--, GOVERNEDBY A LICENSEAGREEMENT.THEEE)RKU_ERTAKENIS TO I_F_IGATE AND

EXAMINE RECENTLY DEVELOPEDTECHNOLOGYBY THE BOEING COMPANYAND

PARKER+AMCHEM.THE SCOPE OF THE STUDY M_LD FOCUSPRIMARILY ON THE

APPLICABILITY OF THIS TECHNOLOGYFOR C(N4NERCIALAIRCRAFT AND, AS A

SECONDARYENDEAVOR,INVESTIGATEOTHERPOSSIBLEMARKETAPPLICATI_S. THE

STATUSOF THE PROJECTIS HEREINDESCRIB_ _ OUTLINED.

THIRD kMllLJkL Id)I_(SHOP ON
CHROMATEREPLACEMENTS
L. R. CarLson - September 1993

• 8
6I



_-_ ALODTNE® 2000

CHROHE-FREEALUMINUMTREATHENTFORAEROSPACE

--, GOAL:

DEVELOP AND COlelERCTALIZE A N_-CHROMI_ CONV_T_

COATINGPROCESSTHAT MILL CONSISTENTLY_ET NIL-C-5541.

NIL-C-81706, ANDBAC5719 REPlaNTS.

THIRD ANNUAL WORKSHOPON
CHROMATEREPLACEMENTS
L. R. CarLson - September 1993

IIII



ALODTNE® 2000
H

ALODTNEe 2000 PROCESS- AEROSPACE

TIME T_ERATURE

1. AQUEOUSDEGREASE 5-10 HIN. 100-160°F.

2. TAPMATERRINSE 5 HIN. AlaIENT

3. DEOXALUME"2100 4 HIN. 65 • 85°F.
...J

4. TAP MATERRINSE 3 HIN. AISIENT

5. DEOXALUME"2200 7 HIN. AMBIE_

6. TAPMATERRINSE 5 HIN. _IENT

7. ALODINEe 2000 5-10 HIN. 1,20 - 140°F.

8. TAPMATERRINSE 5 HIN. AIIBIENT

g. PARKER+AHCHEHSEALANT 5 HZN. 160°F

10. TAPMATERRINSE 5 HIN. AMBIEWr

11. OVENDRY 2-5 HXN. 130°F.

THIRD ANNUAL WORKSHOPON
CHROMATEREPLAC3EMENTS
L. R. CarLson- Septegter 1993

• a



ALODINE® 2000

HOMDOESCOBAHINECHEliISTRYMORK?

====> HOWDO WECONTROL/ IIIPROVE CHEMISTRY?

. NEARNEUTRALPH

. NO FLUORIDES

. DOESNOT "ATTACK"SUBSTRATE- INVOLVESLITTLE TO NOHETALDISSOLUTION

AS A CONVEWrlONALCONVERSIONCOATINGREQUIRES.

. COATINGEIEIGHTSCAN VARY BETMEEN25 - 250 14G/FT2 DEPENDINGON TIME,

TEMPERATURE. PH, ANDCONCENTRATION.

VERYSIMILAR IN APPEARANCE. COATINGSCANBE CLEARTO DARKGOLD,

TO CHROMATEOXIDE COATINGS.

. NO FERRTCYANTDECONTENT.

THIRD ANNUAL MORICSHOPON
CHROMATEREPLACEMENTS
L. R. CarLson - September 1993

i I



ALODTNEe 2000
i m i i i i i i

2024 ALLOYALUMINUMT3 BARE

, , ,

DRY DRY 7 DAY 7 DAY 120 DEG. 120 DEG. 168 HRS. 336 HRS.
ADHESION ADHESION MATER MATER 30 DAY 30 DAY BARE BARE

TREATMENT BMS BMS8.2.8 SOAK SOAK HUMIDITY HUMIDITY SALT SALT
8.2.8 PRIM H/TC BMS8.2.9 BM$8.2.9 PRIMER PRIM SPRAY SPRAY
PRIMER PRIMER PRIM M/TC 8.2.16 M/TC

!!iiliiiii! i!i!!iilii!i]!iiiiiiiiiiii!ii!ii!ii iiiii!iiiii!iii!iiiiii!i, iii!]iiii!i!iiiiiiiiiiiii  iiii!iiiiii !ilililili!ii!iiiiiiiiili ii!i iiiiiiiiiiiiiiii!iiiii ,ii,l!  ii,i!i!iii!ii!!iiiiiiiiiiiiill!i!iiiiii!i!iiiiii!i!i,i!iiiii!!!:iiiiiiiiii ii!i!iiii!il i,,,iiiiil!i,,
ALODINEe FAIL

2000 PASS PASS PASS PASS D9 D9 (100 HRS) FAIL
BOEINGSEAL

iiiii__i _t__.i ii,_!,iii'!iiii!_,!!!!iiii!:iI'_! ]i!ii_i!',i!I,i!ili!_ii!!1'_ii_:ii!;!ii!ii_!!i!iil;iii!iii!ii_ili!!_,!'!iiiiiiii!iiiiiiiiiiili!iiiiii!iiii!iliili!!!i:!ii!iilii'il!iiii!iiit!i!ii!i!iiiili!i!ii!!i! ii]iiii:iilli_!!!!!i!ii,

ALODTNE® FAIL
2000 FAIL FAIL FAIL FAIL D9 D9 (96 HRS) FAIL

NO SEAL

THIRD ANNUALWORKSHOPON
CHROMATEREPLACEMENTS
L. R. CarLson- September 1_3
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ALODINEe 2000

6061 T6 BAREALLOY ALUNINUI4

DRY DRY 7 DAY 7 DAY 120 DEG. 120 DEG. 168 336
ADHESION ADHESION WATER WATER 30 DAY 30 DAY HRS. HRS.

TREATHENT BHS 8.2.8 BMS8.2.8 SOAK SOAK HUHIDITY HUHIDITY BARE BARE
PRIHER PRIN M/TC BHS8.2.9 BNS8.2.9 PRIHER PRIN SALT SALT

PRIHER PRIN H/TC 8.2.16 W/TC SPRAY SPRAY

___i_I_PASS;I;i!_:!!i_i_ i_..................... __ _:/_;i_ili; ili _ _• ........... !_:i_/:_ililLii:i::

ALODINE®

2000 PASS I PASS PASS PASS FH9 D9 PASS PASS
BOEING SEAL I

)- _,_ iill__.i'_',i_il ', !_!!i_-'_'_!''_

ALODINE® I _F __ IF/ZL _
2000 I PASS PASS AIL FAIL D9 D9 HRS)

THIRD ANNUAL WORKSHOP ON

CHRONATE REPLACEMENTS

L. R. Carlson - Septemiber1993



ALODTNE® 2000
.j i i i i

7075 T6 BAREALLOYALUHINUH

;- ,.... ,

DRY DRY 7 DAY 7 DAY 120 DEG, 120 DEG. 168 HRS. 336 HRS.
ADHESZON ADHESZON HATER HATER 30 DAY 30 DAY BARE BARE

TREATHENT BHS 8,2.8 BHS 8.2.8 SOAK SOAK HUHZDZTY HUHXDXTY SALT SALT
PRIHER PRIH MITC BHS8.2.9 BHS8.2.9 PRIHER PRIH SPRAY SPRAY

PRIHER PRIH M/TC 8.2.16 M/TC

ALODTNE®
2000 PASS PASS PASS FAEL D9 D9 PASS PASS
BOEZNG

SEAL

ALODENE® FATL
NO SEAL PASS PASS FATL FATL FH9 D9 (110 HRS) FATL

THIRD ANNUAL WORKSHOP ON

CHRONATE REPLACEMENTS

L. R. CarLson - September 1993

• . • •



ALODINE® 2000

CONCLUSIONS:

AS QUALITYAMARENESS,ENVIRONI4ENTALRESTRICTIONS,ANDDEVELOPNENTOF

NEM HATERZALSESCALATE, THE NECESS[TY FOR UNDERSTANDINGAND
Oo

CONTROLLINGCURRENTTECHNOLOGIESAS idELL AS IHPLENENTING NEM,

XNNOVAT[VEONESHELL ALLOMUSERSTO ACTIVELYPART[C[PATEFORYEARS

TO COHEIN AN EVER-CHANGZNGREALNOF HZGH PERFORI4ANCEHATER[ALS

FINISHING.

THIRD kNMIJALMORKSHOPON
CHRONATEREPLACEMENTS
L. R. Cartson - September 1993



ALODINE® 2000

ACKNOMLED_ENTS"t

T MUSTPERSONALLYRECOGNIZETHE FOLLOEITNGCOLLEAGUESFORTHEIR

CONTRIBUTTONTO CURRENTANDFUTURISTICTECHNOLOGY:

. DR. PAT HAGANS, CENTRAL NAVAL RESEARCH
Oo

"_ IWLATTSCHRXEVER - THE BOETNG COMPANY

. DONNA GARRIGUES, PARKER + AHCHEH

. PHIL 3OHNSON, PARKER + AHCHEH

. DENNTS KENT, PARKER + AMCHEM

. DR. 3ACK KRAMER, PARKER + AMCHEIM

® 3AMES KAURER, PARKER + AMCHEM

• DR. JOHN PTERCE, PARKER + AI4CHEH

THIRD ANNUAL WORKSHOPON
CHROMATEREPLACEMENTS
L. R. Cavtson - September 1903
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SANCHEM, INC.
° le00SOUTN_ STREET• CNIGN3K),tlJN(_ g0Ol_liN. _ 31_/_e_ 11

FJ0( It 31 _7_7d_

Septe_e: 8, 1993

Mr. Mike Kelly
Sandia National Labs
Fax # (505) 844-7910

Dear Mr. Kelly:

The following is the abstract of the paper I plan to
presents

"SANCHEM CC - A CHROME FREE
ALUMINUM PRETREATMENT SYSTEM"

The cleaning, deoxidization and converslo_ coating of
aircraft and non-aircraft alloys with a commercial non-toxlc
and ohrome-free pretreatment system is describe_ in detail.
The results of paint adhesion and fillform testing with commercial
military primers, various epoxies, and urethane paints by a
number of companies is presented along with comparison data
for various chrome and other non-chrome systems. The results
of neutral salt-spray tests is presented. Xn addition, scanning
electron micrographs Of deoxidi=ed and conversion coated surfaces
are shown along with da_a on the physical and chemical composition
of the surfaces.

If you have any questions, please do not hesitate to call me.

Sincerely,

_/John W. Bibber, Ph.D.
Research Director

" JWS/pdl

"rrus; LiraForAntJ-Rusf"
85
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A CHROME FREE

ALUMINUM P_ET_ATMENT S:/$TEM

BY: JOHN W. _IBBER, PH.D.

RESEARCH DIRECTOR

SANCHEM, INC,
1600 S. CANAL STREET
CHICAGO, ZL 60616 ,
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CuzEen_ environmental leglslation is moving toward _he total

, exu!usion o_ hexavalen_ chromium fro_ pretreatment finishing

1,2
system s . A number of alternative systems have been advanced,

hut all fall short of the paint adhesion and corrosion resistance

shown by current chrome-chr@mate conversion coatings. A new

conversion coa_i_g process I0 meets or exceeds chrome-chlomate

paint adhesion requirements 3 and meets the corrosion requirements

of MIL-C-5541. 4 In addition, studies indicate 5 that under acid

conditlo_@, _his conversion coating outperforms chrome-chromate

conversion coatings. The conversion coa_ing is harder, more

scratch and mar resistant, and will not break down unde= conditions

of high _emperature oE humidity.

CLEaNiNG AND DEOXIDIZATION:

As with all pretreatment systems, the most imporuant aspec_

As proper cleaning and deoxidizat!on prior to application of the

conversion coating. Cleaning removes oil and dir_, which would

interfere with the application of the conversion coating. Cleaners

should he non-silicatsd to p=@vent deRositation of silica on the

al,_mln_m surface and non-etching _o prevent deposits of alloyed

elements such as copper.

DeoxidizatLon is the removal of oxides and o_hmr inorganics

• _ha_ would interfere with fur_er proc,seing without significant

attack on _he aluminum surface. 6 To prevent excessive attack,
e

deoxldlzars usually contain an oxidizing a_ent to mainuain a than

oxide fil_ cn the surface of the metal during processing. Mos_
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chrome-free alternatives use iron (ZII] salts coupled with

hydroqenperoxlde 7 or ammonia persulfate, ammonia nitrate and

sulgua_Ic acid mixturss. 8 The iron deoxidizers generally Xeave

iron deposits, which encourage galvanic corrosion while the

nitrogen based deoxidizer| are not very effective at removing

inorganlcs, and have a tendency to form toxic nitrosoamlnes.

The deoxidizer used in the new conversion coating system contains

no iron salts, chromates, fluorldes, sulfates, nitrites, ammonia

salts or amines. Product performance equals or exceeds that og

chromate deoxidizers. There is no sludge build up, a low con-

centra_ion of total dissolved solids, little or no disposal

problems, and a relative17 low hazard level associated with the

product. Studies indicate that the surface is cleaner and more

highly activated toward acceptance of conversion coatings or an
..

anodlc oxide coating.

COATZSG_PROCESS

The primary step in the converslon coating 9recess is the

gormatlon of a hydrated aluminum oxide film by the use of boiling

D.I. water or steam. _n boiling D.I. water the metal will start

to react {A1+3H20Al(OH)3.I.5H 2) within 15 to 30 seconds and

completes the formation of a 300 to 500 nanometer vault thick

coa_ing in about five minutes. With steam at 290 ° - 300°F, the

process ks much faster, being generally completed within one minute.

The process gives the metal a blueish-gray appearance, which serves

as a quick check of areas no_ properly cleaned and thus not blue-gray

in appearance.
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. SECONDSTAGB

The second stage of the process Involves treatment of the
4

metal An a proprietary aluminum salt solution for at least one

minute at 205°F or higher. With Dry steam equipment the solution

is aspirated into the stream of the dry steam. The process decreases

the amount of hydratedwater in the oxide film by repla¢Ing it with

aluminttm hydroxide and gives an acid character to the surface of the

coating. At this point, the coating is metallic in color.

TH%RD STAGE

The third step of the process involves trea_znent of the metal

in a proprietary permanganate solution at 135" - 145eF for at least

one minute. With drysteam equipment the solution is aspirated

into the stream of the dry steam and the temperature adjusted by

lowering the a_ount of stearn in the mixture. This increases the

alumin_ oxlde content of the coating and imparts corrosion

resistance by leaving deposits of various manganese oxides
l

trapped in the coating. At this point the coating will be

metallic in color or have a light pink color. Dark brown stain

will show up if the oxide film was not properly fo_med in the

initial s:ages of the p_ocess.

oPTxo roua s,

The fourth stage of the process is only used for maximum

corrosion resistance on unpainted metal parts of a high copper

_ontent such as the wrought alloys of the 2000 series. It

involves treatments of the metal in a proprietary potassium

silicate solution at 2050F or higher for not more than

89 -3-



One and a half minutes. This converts _he alumlnu_ oxide film .

to potassi_u_ a_umin_m silicate and very completely seals the
b

surface of the metal while still pEovidin9 for excellent paint

adhesion.

CO CLUSZON

While the precise mechanism by which chromic oxides impar_

corrosion resistance may never be known, an alternative must

involve the use of materials which have similar chemical

properties. Manganese oxides are by far the most closely

rela_ed to chromic oxides in terms of _helr lespeatlve

chemistries. Thus, the aluminum o_ids film contalnlnq

various reduced manganese oxides, as produced by the new

process, very closely matches the performance of chrome-

chromate conversion coatings.
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CLEANER
160 "F, 3 - 5 MINUTES
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OXIDE FILM FORMATIOt_
3 TO 5 MINUTES
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CHEMID IZ E 7 2 7A

Chemidize 727A is a treatment for aluminma, stainless

steel and chromium-plated material which produces an oxide

coating. It promotes excellent adhesion properties for

coatinE or adhesive bondins. It is in paste form and can be

applied by spray, wipe or brush. It contains a cleaner, a

"deoxidizer" and film-forming chemicals all in one.

Simply apply, let dry, and rinse. Dry before coating or

bonding.

Typical adhesion value as measured by the lap-shear

method is 4000 psi. Typical specifications for adhesion range

from 2000 to 3600 psi.
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Chemidize ®727A
Paste cleaner & treatment for aluminum

AIHed-KeHte,A Witco Company

2701 Lake Street, MelrosePark_IL 60160t !-800-323-9784_ In IL 1-800-942-9767
Rev.030874

Introduction. 5. Preparationof aluminumbefore coatingwith clear
acrylic lacquersfor best appearanceandadhesion.

Chemidize 727A is an easy-to-usepastethatcleans
andtreatsan aluminumsurfacein a single operation. 6. Field repairof damagedaluminumpartsor surfaces
It removes soils, inks and lubricants andprovides a that mustbe repairedor rebonded.
treatedsurfacewith good adhesionpropertiesforcoat-
ing and bonding. The paste applicationcan be used 7. Cleaning stainless steel surfaces such as railroad
before othertreatment,or forrepairor patch-upwork. equipment,buildingpanels andmisc. hardware.

It is an outstandingbase treatmentfor air-dry,polar, 8. Cleaningchrome-platedsurfaces.
organictype topcoats.

Chemidize 727A is applied by airless spray or Operating data.brush-onmethods. It does not requiremixing with
acids. For most applicationsa 50% Chemidize727A Operating ranges.
paste to 50% water (by volume) mixture is recom-
mended. The paste treatmentis non-discoloringand, Film thickness -- 8 mils

after rinsing, leaves no residueor heavily etchedap- Solutiontemp. -- Room to 135F. (57C)pearance. It also cleans stainless steel and chrome-
plated surfaces. Contacttime -- 1.5 hours

Chemidize727A maintainsits propertiesforat least
a yearin a closed container. Onegallonof Chemidize Equipment.
727A paste with one gallon of waterprovidesan 8 rail
thick wet film to treat and clean approximately400 Spray -- Acid-andsolvent-resistant
squarefeet of surface, materials, such as stain-

less steel, glass, and

Applications. polyethylene
Brush-on -- Natural or nylon bristle

l.Treatment of aluminum products too large or brushes
awkwardto handleby dip tankmethods.(Example:
Trailer and truckbodies, boats, aircraft sections, Wipe-on -- Soft cotton rags, & vinyl,
etc.) urethane or cellulose

2. As an aluminum pre-treatmentfor applicationsre- sponges
quiring a high level of adhesion with all types of General instructions.

coatings or adhesives. Chemidize 727A is easily appliedby spray,brushor
3. For productionapplicationswhich do not requireor wipe-on. Because of impingement,spray application

justify the installation of a full-scale multipletank is the most efficient method. Usually a wet f'flm .
processing line. thickness of about8 mils (0.008 in. or .02 cm)should

be applied, althoughon many aluminumalloys 5 mils
4. Spot treatmentof large surfacesrequiringlettering is sufficient. In aboutan houranda half, the film dries "

or paintingon a limitedarea. andusuallyappearscrazedandpowdery. The powder

iteo
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Chemidize 727A Page 2

easily rinsesoff withwater. As soon as therinsewater brush is suitable. The paste may be applied at full
has dried, paintingor bondingmay proceed, strengthor reducedto any desiredbrushingconsistency

by dilutingwithup to one-fifthof itsvolumewithwater.
To treat anodizedaluminum,first removethe oxide

Wipe4m.
, layerwithan acidicoxide stripper. Followingthis, use

the normal Chemidize 727A treatment sequence. Using a cloth,spongeor otherconvenientapplicator,
Rinse surfaces heavily encrusted with salt or other continuously wipe a generous amountof Chemidize

" chemicals with water before applying Chemidize 727A over a workable areaon the aluminumsurface
727A. for approximatelythreeto five minutes. Wipingusual-

ly deposits a thin film of material; therefore, the
Coverage. continuousmechanicalactionis necessaryf_r thorough

Generally, an 8-rail thick coating of Chemidize treatment. If a thick film canbe laiddown, continuous
727A shouldbeapplied. (This is equivalentto covering wiping can be eliminated.
200 square feet of surface with a gallon of undiluted Drying.
Chemidize 727A.) On lightly soiled metal or on
aluminum alloys containing substantialquantitiesof Allow the Chemidize 727A paste to remaino:t the
copper (Series 2000), magnesium (Series 5000 and aluminumsurface until it is dry. This usually takes
6000), or zinc (Series 7000), a coatingof 5 mils may aboutan hour and a half at room temperature. The
be adequate. It is importantto obtain the proper treatment material visibly becomes dry, whitens and
thicknessof coat. Use of a paintfilm thicknessgauge may crackor flake. The driedresidue may safely be
is recommended, left on the metal indef'mitely. Chemical action con-

On severely oxidized surfaces, or surfacessuch as tinues as long as the film is moist but stops when it
castingswhich may havebaked-inlubricants,itmaybe becomes dry.
necessaryto treatthe surfacetwice. This, however, is The chemical actionandthe dryingratemaybothbe
done only underextremeconditions and is veryrarely acceleratedby heating. Care mustbe takento prevent
necessary, the temperatureof the paste materialfrom exceeding

135F (57C). Fast evaporationis not desirablebecause
Spray. solvents and moisture may be driven out of the film

Using acid-resistant,pressure-fed air atomizing,or before their function is completed. Infra-reddrying,
airless spray equipment,apply a uniform 5 to 10 mil becauseof reducedair circulation,is moresatisfactory
coat to the dirty aluminumsurface. For best results than forced hot air drying.
use a 50% Chemidize 727A paste to 50% water(by A typical cycle is to hold the coatedparts at room
volume) mixture. It is necessaryto insure continuous temperatureor warm them in still air to about 100F
flow of materialfromthe supplytankintothe feed line. (38C) for 15 minutes andthenheatwith circulatingair
The equipmentmay be easily cleanedby flushingwith to 125F (52C) untildry.
water.

Good ventilationand protectionof adjacentsurfaces Removing the dried residue.
which would be damaged by acidor solventare neces- The dry residue is easily rinsed away with a gentle
sary. stream of fresh tap water. It can be wiped away with

a wet spongeor rag,or brushedawaywith a drybrush,
Brush-on. or blown away with an air jet. A final waterrinse is

o Applya continuous uniform coat of 5 to 10 mils of usually desirableto remove the fine dusty particlesof
Chemidize 727A directly over the soils, lubricants, residuethat may cling to the aluminumsurface.
etc., on the aluminumsurface. Cross brushingwith The rinsed aluminumsurfacemaybe allowedto dry

" short, light strokes is recommendedto obtainadequate at room temperatureor may be heated. Retentionof a
film thickness. A long fiber, naturalor nylon bristle
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ChemidJze 727A Page 3

continuous waterfilm for at least 15 seconds without Warranty.
break or drawback is evidence of an effective treat-

We warrDt our goods to .c_.onn to our stanchtrd
mint. spectfleatlomLThisWarrantyis m lieu of any .andall

other warranties or guarantees and our obiqlafion
Coating or bonding treated metal. _ farbreachof suchwarrantymI_ited toeither

refundof theImrdme prieeor replacmtmttef mid goods "
Coating with paints, lacquers, or adhesives may as weamyelect. Werake no otherwarranties,express

proceed atsoon as thesurfaceis dry. Coatingmay be or implied, includingthese of MERCHAIqTABILrrY
deferred as long as a yearwithout significantloss of and FTrNF.&_FORA PARTICULARPURI_SE.
adhesioncapability,providedcommination is avoided We believethat the statemmt;,_ i_.._
by paperwrapping or otherwiseprotectingthe muface, and recommendatiomcontainedherrenare reliable,but

are given without warranty or guarantee.olrany kind
exceptas specifiedabov.e...Beyondthat specifiedabove,

Treatment effectiveness, we assume no responstbtlttyfor any. loss, danutgeor
An aluminum surface cleaned and treated with expense, dtrector consequential,arismll.outof the

Chemidize727A retainsa continuouswaterfilmfor 30 of_ or inabilityto use, our goods. Tludr qualityandsuitabilityfor any particularpurposeor use shouldbe
seconds or more. The continuityof the film and the confirmedby theuser'sowntests.
length of time it lasts without breaking indicate the
extreme wettabilityof the treated surface. An un- Standard packages.
treatedor greasy metal surfacewill de-wet, i.e., water
will draw back and form beads, in 5 to 10 seconds. 5 gallon pail

The "water break"test may be runon driedpartsby Note: All gallon measurementsare U.S. Gallons
rewetting them with clean waterfrom an atomizeror
other convenientsource. CAUTION: Chemidize 727A is acid and can cause

After Chemidize 727A treatment, most aluminum burns. Exercisecautionin its use. Avoid contactwith
alloys take on a slightlywhiteappearancewhichshould skin, eyes and clothing. Carefully readprecautionary
be uniform over the entire surface. This appearance, and first-aidinformationon containerlabel.
while not a true etch, is the best visual evidenceof the
efficiencyof the treatment. The whiteningmay notbe
visible on heavily pitted metals. Observationof the
parts for continuity of water film following the final
rinse, and uniform color as they dry, is an effective
methodof process control.

Cleaning of stainless steel and chromium.

The Chemidize 727A application techniquessug-
gested for aluminumshould be followed for stainless
steel andchromium. Soil, grease, andlocalized rusting
will be removed, and the bright, attractivesurfaceof
the metal restored. Retention of the surface finish
depends on the suitability of subsequently applied
protectivecoatings.
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ALLIED-KELITE
Your single source for

" tried and proven, brand-name
metal treating and finishing products,

" industrial cleaning products,
and support material and equnpment.

Surface Preparation Products
i hoprep® Cleaners...and etchants, derusters, deoxidizers, desmutters, descalers,

paint strippers and rust-preventive oils
n AlprepTM Cieaners...cleaners and activators expressly formulated to prepare

aluminum surfaces for Niklad TM electroless nickel plating

n Ferroprep" Cleaners...soak cleaners and electrocleaners expressly formulated to
prepare ferrous alloy surfaces for Niklad electroless nickel plating

i Multiprep" Cleaners...picklers, descalers, desmutters and activators expressly
formulated for a wide variety of basis metals that are to be plated with Niklad
electroless nickel

Plating Products
II Niklad TM Eiectroless Nickel Systems... nickel-phosphorus, nickel-boron, and polyalloy

processes and companion products for engineering, electronic and printed circuit
board applications ..

I Barrett SN® Sulfamate Nickel System...high-purity, low-stress nickel plating for
electroforming and plating applications

n Isobrite® Brighteners...additivcs and systems for bright nickel, chromium, zinc,
cadmium and copper electroplating

n ARP® Specialty Chemicals... includes metal strippers, wetting agents, bath contam-
ination control additives, mist suppressants, foam control additives, chromate coatingl-
tester, blackening salts, and immersion tin and zinc.ate processes

Protective/Pre-Paint Coating Products
t, II Iridite® Chromate (Or Chromate-Free) Conversion Coating Systems

o • Keykote® Zinc, Iron And Manganese Phosphatizing Systems
U Irilac® Clear Protective Treatments
i lridize'" Zinc Anodize Coatings.¢

eh

Industrial Cleaning Products
m, • Chemicals for cleaning and maintaining machinery, paint lines, refinery and

petrochemical equipment, vehicles and aircraft
,

Support Material And Equipment
II Everything that's needed to support your operation including basic chemicals,

° ID anodes, polishing equipment, tanks, rectifiers, automatic feed systems, heaters, test
apparatus and kits.
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II

ALUMINUM PASTE CLEANER

AND ORGANIC CONVERSION
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COATING
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Chemidize 727A...

- Is especially adapted to on-the-job, plant or field
appl lcations.

- provides a treated aluminumsurface with exceptionally
fine adhesion properties for either coating or bonding.

- is easily applied by spray, wipe or brush.

- Is non-discoloring and leaves no unsightly residue or
heavily etched appearance,

- provides an excellent surface for air drying lacquers and
enaneI s,

- maybe used as is_ requires no mixing with acids.

- provides a surface which will retain Its bondtn;'
properties for 12 monthsor longer without unusual storage
precaut i ons.

- cleans stainless steel and chrome-plated surfaces.

q_



RECORRENDEDUSES

g

- treatment of aluminumproducts .too large or awkward to
handle by dip-tank methods (example: trailer and truck .
bodies, boats, aircraft sections, etc.).

- as an aluminumpre-treatment for applications requiring a
hlgh ]eve] of adhesion wlth all types of coatings or
adhesives.

- for production applications which do not require or
justify the installation of a full-scale multiple tank
processing 1tne,

- spot treatment of large surfaces requiring lettering or
painting on a limited area.

- for preparation of aluminumbefore coating with clear
acryl ic lacquers for best appearance and adhesion.

- for field repair of damagedaluminumparts or surfaces
that must be repaired or rebonded,

J

- for preparation of aluminum prior to anodizing.

- for cleaning stainless steel surfaces such as railroad
equipment, building panels and miscellaneous hardware.

- for cleanlng chrome-plated surfaces.

I()0



, BONDINGSTRENGTHREOUIRED

ONSPECIFICATIONSHRITTENFOR

CHEHIDIZE727A

Lap Shear
Company specification Required (psi)

Allied-Kelite (On the average, our OCtests yield
4000 psi, Tests are performed by
an i ndependent Iaboratory)

Hughson/LordCorD, (Original OC sDec) 3600

Hercules (Poseidon) WS12437 2000

HercuI es HS-6-O103 2500

Aerojet Strategic Prop, SPC-34428 2000

Katset Aerotech SP1:-34592 2000

Rorton Thiokol S];_6244A (not specified)
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BIRCHWOOD LABORATORIES, INC.
7900 FULLER ROAD EDEN PRAIRIE, MINNESOTA 55344 USA

TEL (612) 937-7931 FAX (612) 937-7979
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A NEW PAINT PREP TECHNOLOGY - PHOSPHATE POLYMER

by D.J. Halverson

Introduction

In response to rising quality standards and stringent safety and pollution
regulations, a new pretreatment was developed for painted metal surfaces - the
Phosphate Polymer system. This pretreatment technology combines an inorganic
base coat which is chemically anchored to the metal surface, a non-leachable
chromate corrosion inhibitor and a cross-linking acrylic polymer into a single
operation. Applied to the surface of any metal by dip or spray, the phosphate
polymer is warm dried without rinsing, then painted as usual. The treatment
provides a highly effective barrier against filiform corrosion and an aid to adhesion
of the paint film, resulting in significant improvement in the corrosion resistance of
the final paint finish. The phosphate polymer system utilizes a solution which is
used as a permanent bath in the line without periodic dumping.

!

Phosphate Polymer Bath

The Phosphate Polymer solution is made up from a two-part concentrated product.
The "A" concentrate is a mildly acidic water-based acrylic polymer emulsion. The
"B" concentrate is a blend of zinc phosphate and chromate corrosion inhibitors.
The "A s' and "B" concentrations are mixed together with deionized water to make a
stable operating bath.

Mechanism

Though the phosphate polymer bath does not form a true crystalline phosphate or
chromate film in the conventional sense, the solution does contain phosphoric and
chromic acids which carry out a "micro-etching" of the metal surface to form
chemical anchoring points. The acrylic polymers and metal complexes can chemically
and physically attach to these anchoring points to achieve adhesion to the
substrate.

Since the solution is applied at room temperature with a short contact time, the
chemical reactions take place in the heated drying stage. While curing, the
hexavalent chromium reacts with the organic polymer and is partially reduced to a
trivalent state. Concurrently, the polymer is oxidized and cross-links to form a
stable metallo-organic structure which is a sqjtable base for subsequent paint films.
Once fully cross-linked, the polymer structure prevents any leaching of chrome.

10?-
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Processin(j Options

The phosphate polymer concept can be incorporated into any conventional
phosphating or chromating line, according to the following guidelines;

' A) In a 5-stage phosphating line, the phosphate polymer application can take
place

- in stage 5, to replace the chrome seal, or
- in stage 3, to replace the phosphate stage, leaving stages

and 5 empty, or
- in stage _, using stage 3 as an empty drain stage (allowing

a good separation from the rinse in stage 2). In like manner,
stage 5 becomes an empty drain stage prior to drying.

Note: The preferred method is to use the phosphate polymer in stage 5 over
a conventional zinc or iron phosphate. This technique results in best overall
adhesion and corrosion resistance because the film thickness of the phosphate
polymer coating will be the most uniform across the metal surface.

B) in a 3-stage line, the phosphate polymer application takes place in
stage 3, replacing the chrome seal or phosphate, ideally, a
cleaner/phosphate should be used in stage 1.

C) In an aluminum chromate line, the phosphate polymer can be used as a
direct replacement of the chromate bath. No rinsing is necessary after
application; the parts would proceed directly to drying.

In many cases, the conventional iron phosphate coating is insufficient to meet
rinsing quality standards. This is commonly observed in lines which have been
converted to a non-chrome seal. One option which has proven to be less than ideal
is to convert the iron phosphate to a zinc phosphate. Despite better adhesion and
salt spray performance, the zinc phosphate is not workable in many lines because of
higher heating requirements, heavier sludging and mandatory zinc effluent
treatment.

There are also painting options which can be considered in order to improve
performance. These options, however, generally are more costly to operate or
require significant capital expenditures.

The phosphate polymer concept offers the paint finisher an attractive new option
because it allows him to take advantage of the proven corrosion resistance of
chrome without the normal pollution problems associated with the conventional
chrome seal. In addition, the phosphate polymer structure acts as an excellent
paint base, and is more compatible with the paint than a crystalline phosphate
surface. The resultant finish often flows and levels better over the phosphate
polymer surface than over a conventional phosphate.

• Operationally, the phosphate polymer requires only wetting of the surface with the
solution - no extended dwell times. Consequently, the tanks and spray vestibules
can be designed smaller, according to component dimensions. A drip pan and air
knives may be necessary, but no rinse tanks or tank heaters. In most cases, an
existing wash line can be converted to the phosphate polymer system for very little
capital expense.

| 0 _age 2
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After drying at 175-230°F, the surface of the phosphate polymer is still reactive
enough to permit _ strong interbonding with the paint film. Complete cross-linking
occurs only after curing together with the paint.

,, PHOSPHATE POLYMER BATH MAINTENANCE

The phosphate polymer solution is operated as a permanent bath in the line without
" periodic dumping. Regular additions of fresh concentrate are made to keep the

bath at proper concentration.

Routine bath maintenance includes monitoring of pH and solids content by specific
gravity checks or I_y other solids determinations.

It is recommended that the bath be checked occasionally for hexavalent chrome and
total chrome content.

PHOSPHATE POLYMER CHARACTERISTICS

Dry Film Thickness .05 - .10 rail

Cure Temperature 175-230°F

Cure Time 5-10 minutes

Coverage (depending on application) 8,000 - 15,000
(sq. ft. / gallon of concentrate)

Solvent Deionized water

pH 1-2

Suitable substrate Steel, Aluminum,
Zinc, Alloys

Method of Application Immersion, flow coat,
electrostatic atomized spray

BENEFITS OF THE PHOSPHATE POLYMER SYSTEM

* The Phosphate P)lymer can be used in a 3-stage line to
improve coating performance. In a 5-stage line, the

' Phosphate Polymer offers possibilities for improving corrosion
resistance and/or for shortening the process.

* Room temperature application - energy cost savings.

* Water-bas_d solution - no solvent emission.

105
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* No rinse required after application - no waste treatment
under normal conditions.

Low-Viscosity liquid penetrates recessed areas - coats blind
areas without excessive build up.

* S;_ort processing time - requires only wetting of the surface,
no extended reaction or dwell times. .

* Excelfant adhesion to metal substrates.

* No sludge formation - easy bath maintenance.

* Compatible with almost any kind of paint.

* Easy equipment conversion - low capital expense required.

!PREPPAPR _°dge q
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Surface Modification of Aluminum Alloys with a
Chromate-Free Process

F. Mansfeld and Y. Wang
•- Corrosion and Environmental Effects Laboratory (CEEL)

Department of Materials Science & Engineering
. University of Southern California

Los Angeles, CA 90(}89-0241

Abstract

The patented Ce-Mo process for the production of "stainless
aluminum" has been applied successfully to AI 6061. No indication
of corrosion was observed after 60 days immersion in 0.5 N NaCI
(open to air). Electrochemical tests suggest that the incorporation of
Ce and Mo has transformed the AI surface into an insulator on which

electrochemical reactions occur at very slow rates. Ce and Mo
apparently produce a synergistic effect leading to the exceptional
corrosion resistance of A1 6061. Evidence from surface analytical
evaluations suggests that weak spots in the natural oxide which
would have become initiation sites for pits dissolve in the boiling Ce
salt solutions and are replaced by Ce oxides. Mo reinforces the
modified surface by an yet unknown mechanism.

Samples of AI 6013-T6 treated with the Ce-Mo process have passed
the salt spray test according to ASTM B l17. In immersion tests
significant pitting corrosion was observed for untreated AI 6013,
while only a few pits occurred on the treated sample.

For AI 7075-T6 it has been found that the CeCI3 immersion step

needs to be carried out after the Mo-step. For samples treated in
this manner the passive current density in 0.5 N NaCI was reduced
significantly and the pitting potential was increased by about 200
m V. During anodic polarization sudden jumps in the current were
observed which correspond to the formation of new, single pits. EIS
data recorded during immersion in NaCI show capacitive behavior for

II

treated samples and the typical transmission line impedance at low
frequencies for untreated samples. For the treated samples Rp wasIt

about 500 kohm.cm 2 during a 30 day test period. The capacitance Cp

increased slowly from 7.5 _F/cm 2 to 9.5 _tF/cm 2 which is typical for
a thin hydrated oxide.
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Present efforts concentrate on modifications of the basic Ce-Mo
process for Al 2024. It seems necessary to use a pretreatment step
for removal of Cu from the outer surface layers for this alloy.

b

(This work is being funded by the Office of Naval Research (Dr. J.
Sedrik, ) under Contract No. N00014-9 l-J- 1041).
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Ce-Mo Process for AI 6061-T6

'.StePS ............ i,i i Treatments .....

, !1.Degreasing Brushing with Alconox
....................

2. Deoxidizing Diversey 560 at room temperature for 10-15 min, then rinsing

" 3. Baking In Oven at 100°C for 48 hours
..... , ...............

4. Ce-treating I ,Immersing in 10 mM Ce(NO3)3at 100°C for 2 hours, then rinsing.............

5. Ce-treating II ,Immersing in 5 mM CeCl 3 at 100°C for 2 hours, then rinsing........ ,....

6. Mo-treating Polarizing in 0.1 M Na:MoO 4 at +500 mV vs SCE for 2 hours

Ce-Mo Process for A! 7075-T6

Steps ............. Treatments
..... , .....

1. Degreasing Brushing with Alconox......

2. Ce-treating I Immersing in 10 mM Ce(NO3)3 at 100°C for 2 hours, then rinsing...................

3. Mo-treating Polarizing in 0.1 M Na2MoO 4at +500 mV vs SCE for 2 hours

4. Ce-treating II Immersing in 5 mM CeCI3 at 100°C for 2 hours, then rinsing
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Bode-plots for AI 6061-T6 treated with the Ce + Mo Process;
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A1606I-T6,0.5N NaCI,Id

Ce(NO3)3 + CeCI3,polarized in xM NazMoO4for yh
10 7 .................

06 = .__ 1: x = 0.01, y=0.51 2:x= 0.01,y=2.0

2 _. 3:x = 0.1, y=0.5

A 10 _,. y 20
M : ----" • = •

Et
0

10 4
0

N 10 3

10 2 g--
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R°,,- 2.z0Co_.cmb 0.2
K°= 244 [oh.m.cm"(ra_s)'"]26 _ R°p= 1.3(Ntohm.cm:) 1.5
F-0.35 (%) 0.02 .2 C_tlC_ = 1.:55 1.12ms

o © ©•- 0.I {_0.I_ ,
" - O (_ "

1.9 0.4 . 2.3
244 51 _ 2.6 _,0.07 to 2.03 1.33,qpo 0.31,. _ © ©'-- O

 o.ol 0 0 Oo.o
I I - 7- I I ..

22 0.5 2.0 0.5 2.0

Polarizationtime(hr.) Polarizationtime(hr.)

Re#(103ohm.cm:) " 2.36 - 0.97t+ 4.17c - 2.92ct
K° [ohm.cm"(rad/s)"] "307.127t + 93c - 185ct Kep(106 oh_.cm:) -_ 2.86 - 0.24t - 16.3c + 3.70ct
F (%) " 0.38 - 0.15t + 0.78c - 0.67ct C_r/C_ = 2.33 - 0.49_ - 6.3c + 2.00ct

F: the pitted area fraction (30 days)
=
o to< 2 > 17 to : the time when pits were first observed

O.1 - C) 0 Cu : total capacitance calculatedfrom
- the first EIS measurement (1 day)

"_ C_f : total capacitance calculated fromto
G
o < 2 < 4 the last EIS measurement (30 day)
t,o

O_ 0.01 - 0 0 R°. and K° weredeterminedat the timetoz R °'. was determined at t-t o - 1 (day)pit

R°pa and K ° are normalized to the pR area£ I I -
Z 0.5 2.0

Polarization time (hr.)

to(d) = 1.8 + OAt - 48.2+ 96.3ct

Fig. 5. Estimatedeffectsof polarizationtimet andNa_MoO,concentrationc

on characteristicparametersfor the pittingbehaviorfor AI6061-T6in 0.5 N NaCI. •
_t
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Correlation of Electrochemical Analysis tc Salt Fog Testing of Non-Chromate Conversion
Coatings and Anodic Seals

M. Kendig, S. Jeanjaquet, V. Sugiyama and M. Cunningham
" Rockwell InternationalScience Center

1049 Camino dos Rios
. P.O. Box 1085

Thousand Oaks, CA 91358

E. Eichinger and L.Perez
Rockwell International Space Systems Division

Downey, California

Introduction

A number of commercial and experimental non-chromate conversion coatings and anodic
seals for boric sulfuric acid anodization (BSAA) were evaluated by both salt fog testing
(B 117) and electrochemical impedance spectroscopy. The coatings were applied to A1
2024-T3, considered to be a bell weather for the efficacy of a given coating owing to the
difficulty in protecting this particularmaterial which is rich with Cu intermetaUics.

Ext_nimental
--

Samples that were prepared at the Science Center were degreased in hot xylene and
deoxidized using a non-chromate Sanchem 1000 treatment and then subjected to either the
BSAA or the coating with the chromate conversion coating alternatives. Baseline BSAA
samples were sealed with either a 5% dichromate or a dilute dichromate. Other BSAA
samples were sealed with a variety of commercial and experimental non-chromate seals.
The baseline conversion coating was an Alodine 1200 sample processed by Rockwell
International Space Systems Division. In addition a number of commercial or experimental
samples were received from other sources. The resulting samples were subjected to a
B117 salt fog test for 168 h in the case of the conversion coating replacements or for 336 h
for the anodized samples. Duplicate samples were subjected to electrochemical impedance
measurements after 1 and 24 h immersion in 0.5 M NaCI.

Results

Figure la-b show a typical impedance spectrum for an anodized sample, and the calculated
spectrum using the model in Figure lc. There is relatively good agreement between the
observed and calculated spectra. The 1 and 24 h parameters obtained from such spectra
were evaluated and compared to the salt fog test results.

A comparison of the salt fog results to the 24 h corrosion resistance, Rp @24h, for the
anodized samples demonstrates that the early, 24 h impedance measurement predicts the

" longer term (336 h) salt fog behavior. No apparent correlation to longer-term salt fog test
appeared for the other impedance parameters. The salt spray data were f'wst plotted in terms

, of (1=pass, 0.5 = marginal, 0= fail) as a function of the log of the polarization or corrosion
resistance Rp. This plot was then smoothed by performing a sliding or running average on
the data. Figure 2 shows a plot of this resulting average salt spray behavior as a function
of Rp. The data indicate a threshold of 30 M ohm-cm z below which samples will not pass
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thesaltfogtest.Above thiscorrosionresistancethepmbabili_isgoodregardingpassage
of the salt fog test. This represents an important result since It allows rapid screening of
anodization sealing processes without the necessity of a long term (336 h) salt fog test.

The correlation of the number of pits observed on the samples and salt fog behavior shows
a threshold of about 5 M ohm-cm z for the 24 h measurement of Rp below which a high
rate of pitting occurs as observed after 336 h of salt fog (Figure 3). Above this threshold
the rate of pitting appears to decrease approximately linearly with Log(Rp) as measured at
24 h. The marked contrast between samples above and those below the 5 Mohm cm2 value
means that there is a qualitative similarity of the samples which exhibit impedances above 5
M-ohm cm 2 but do not pass the salt fog test and those that do pass this test. In other

words, the samples above 5 M ohm cm2, but which do not pass the salt fog test should be
considered marginal in thatslight modification of their processing may enable their passing.
The materials that fall into this category include the single sol-gel layer (AN*S), the
Novomax 1000 (AA5) and the Novomax non-nickel (AN5).

No good correlation existed between early impedance data and the 168 h salt fog teSt for
replacement conversion coatings. Contact angle data suggest that surface energy
(hydrophobicity/hydrophilicity) may contribute the salt fog resistance of conversion
coatings in addition to the barrier properties of films observed when they are subjected to
forced wetting by immersion.

St_mmaryandConclusions

One of the more important results of this work is that a correlation has been established
between the 336 h salt fog test and the corrosion resistance for anodized and sealed AI
2024-T3, Re, as determined from EIS after only 24 h. A threshold of 30 M ohm cm 2
defines the I_0undaryabove which the sealed anodized film probably will pass the 336 h
salt fog test. Sealed BSA anodized AI 2024-T3 that exhibit Rpdetermined at 24 h that fall
above 7.5 M ohm cm 2 show low levels of pitting but may not pass the 336 h test unless Rp
is above the 30 M ohm cm 2. This is to say the 245 h Rpthreshold for inhibition of gross
pittingequals17.5M ohm cm2.Thisrapidevaluationmethodologycanbeusedtorapidly
screenanodicsealsforBSA anodizedAI2024-T3.
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Cc
i

• i i i.

Cc - 51.4 nF/cm 2 Rpo
Rpo = 0.94 kohm cm 2 Rp
Cp - 1.2 j_F/cm 2 _
Rp- I.SNohmcmZ
Rs-O

(c)

Figure 1 Typical impedance spectrum, (a) magnitude and (b) phase, for a boiling water
sealed anodized aluminum 2024-T3 sample after 146 h exposure to 0.5 M NaCl. Solid line
represents simulated spectrum using the best fit parametersfor the model (c).

.I I 10 100 100

Rp(H_lcm 2) @ 24 h
q,

Figure 2. Estimated probability for passing the salt spray test as a function of Rp measured
after 24 h immersion in 0.5 M NaCI
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Objective

• Select non-chromate processes to replace
chromate conversion coatings.

• Select non-chromate processes to replace
seals for thin-film anodic coatings.

c

--- Sandia Workshop '93 J
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Background- EIS Pred!cts Long
Term Behavior for Organic Coatings

J
--- Sandia Workshop '93



A-B Phosphated

P-Corrosion = P(diff)NP(dish) + P(defects)

p= [v(24h)*Ad(72h) +2*(1Mohm/Rpo)]/Pmax

10ooo • Published in Corrosion
._ 1991
:::D
t_

perf• Work ormed 1987
(D

_- • v = volume of water taken
(O

up from capacitance
. • _ measurement
L.

= nded. by= • Ad = area disbo :
cathodic polarized scribe" 100

0

• Rpo = coating resistance
(n
L.
::3
O

"1-

10
0.0 0.2 0.4 0.6 0.8 1.0

P

---- Sandia Workshop '93
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Long Term Sea-Water Exposure

10

II •

:, = , • Protection Index- Function
_0 8 • of EIS Parameters
C)

u_ Rating- ASTM D610 afterV) •

6 550 days exposure to(O

¢n l " Two Days artificial sea water
._ • TenDays

4 • EIS - measured at 2 and 10
_" days
En

' 2 • Rating made after 550 days
:>
<{

0
0 2 4 6 8 10

Protection Index

• Data reformulated from paper by J. Scully, J. Fiectrochem.

__., 1989.
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Approach
• Anodic Films

- Sanchem 1000 Deoxidation

- A! 2024-T3

- BSAA

-Inorganic and sol-gel coatings
. Commercial non-chromate seals

• Chromate Conversion coating replacements
- Sanchem 1000 Deoxidation

- AI 2024-T3

- Sol-gel

- Inorganic oxy anions
- Other commercnaland experimental

• Rapid Assessment- EIS

• S_It Fog (Bl17, 336 h) . j
--- SandnaWorkshop '93
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Replacements for
ConversuonCoatungs

Sample Code Process

ACF1* Standard Chromate ConversionCoating (Alodlne 1200)

ACR3E NADC Trlvalent Cr

ASG3L1 3 sol-gel layer

ASG3L2 3 sol-gel layer

ASG6L1 6 sol-gel layer

ASG6L14 6 sol-gel layer

ASG6L2 6 sol-gel layer

ASG6L24 6 sol-gel layer

HT *** Hydrotalclte

HTS1 Hydrotalclte/Sol-Gel

HTS3*** Hydrotalclte/Sol-Gel

IRA *" Irldlte

IRB ** Irldlte

PA **** Parker Amchem Non-Chrome Experimental

SC Sanchem 1000 Sanclwm

SCS Sanchem 1000 Sanchem/SIIIcate PostTreatment

SG1 Sanchem 1000 Sol-gel I layer j

SG3 Sanchem 1000 Sol-gel 2 layer

--- Sandia Workshop '93



Anodized Seal
Code Description

AFA AIumltec

A5D5 5% SodiumDichromate

AA5 Anoseall000

ABW6 Boilingwater

ACN6 Ce(NO3)3

ACP3 Ce(NO3)3 + H202 unreacted

ACP9 Ce(NO3)3 + H202

ADC8 Dilute chromate

AN4S 1 sol-gel layer

AN7S3 3 sol-gel layer

ANN5 NovomaxNon NI

AFro Phosphomolybdate

APW2 Phosphotungstate

AS35 Sanchem 3000

ASM2 Sillco Molybdate

ASW2 SIIIcoTungstate

AV2 SodiumVanadate

AW4 Water Seal

J
--- Sandia Workshop '93



Sol-Gel Chemistry

ALSBC- Aluminum di(sec-butoxide)acetoacetic ester chelate (AI(OC4H9)2(C6H903))

PDMS- Polydimethylsiioxane [SIO(CH3)2122

ALSBC/PDMS = 5.8:1 (mole ratio) or (1:1) weight ratio

Procedure

React isopropanol solutions of ALBC and PDMS at 80°C

Cool

Dilute with isopropanol

Dip coat the sample

Dry at typically 100 C overnight

J
--- Sandia Workshop '93
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Conversion Coating Schematic

Cc

i

b,-

¢
t=- . ,

-i "I-- CPE _

--Rpit

Rcor

• Simplified version of more general model
• High frequency time constant establishes Rpit, Cc and Rs

---- Sandia Workshop '93 .... J
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Results for Conversion Coating
Replacements

Ut

I¢ ASG3L1
w ASG6LI
E ACF1

SG3
I0
,.- SC
Q' IRB

. _ ASG3L2
I

¢ ¢_ ASG6L2
_' ¢ SCS

,4,,I
m IRA ]
0 PA
t,J

ACR3E IC
O HTS3 II
"" HTS1
L_ SGI

> ASG61.14
¢ ASGGL240

t.J HT

.001 .01 . I 1 I 0 I O0

Rpit (._cm=) o 24 h 10.5 I1 NoCI)

--- Sandia Workshop '93 J
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Selected Rpit (24h) and Wetting
Data

C,g¢_ Material Contact Anale Flpit_ 24 h _zlilLEgg
Mohm _ 336 h

ASG6L14 Sol-Gel 6 layer 99.5 5.00 n.d.

ACF Alodine 1200 106 3.05 pass

SC Sanchem 3000 58 2.75 fail

SCS Sanchem 3000/Full 20 1.80 fail

ACR3 NAWC Cr(lll) 68 0.74 fail

--- Sandia Workshop '93 J
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,, Conclusions
• Chromate Protection

- Barrier

- Hydrophobic

- Active Species

• No Suitable Non-chromate replacement found for AI 2024-T3
4=
J:

• BSAA Seals

- Rp> 30 Mohm cm2 @ 24 h predicts 336 h passage for AI
_24-T3

- Rp> 7.5 Mohm cm2 @24 h predicts low levels of
pitting/marginal salt fog resistance at 336 h
- Sanch_m 3000, 3 Layer ,_l-.gel, Hot _rous Nitrate - Adequate

- Novomax NN and Anoseal 1000 may pass salt fog with suitable
process modification

---- Sandia Workshop '93 J



Testing and Specification of Conducting and
Protective Coatings for Aluminum

Peter Walker
Atomic Weapons Research Establishment

• Aldermaston, England

- 1The types of specifications possible to describe the composition
and properties of conducting and protective coatings will be
described together with the degree of detail required to adequately
define requirements and ensure reproducibility. The potential
problems arising from the many factors governing such general
properties as corrosion resistance, conductivity, and resistance will
be described with reference to the experience arising from the use of
chromate conversion coatings. In particular, it will be argued that:

(a) Current specifications define current materials, i.e. chromate
conversion coatings and the properties required are those of this
type of coating;

(b) Because of this, they do not necessarily define what is needed;
(c) Because of this, specification is driving development (this aspect

is particularly damaging to commercial firms who may be
striving for coating properties we do not need);

(d) Because there is a large data base on the use of chromate
coatings backed up by years of practical experience, an equally
large or larger data base will be required for replacements;

(e) Why make things difficult by claiming that all development
work is for replacements for chromate coatings? Why not call
them New Technology?;

(f) Why insist on inorganic conversion coatings? Why not organics?;
(g) Ideally, the cycle for development of replacements should be:

develop, test, then specify.
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TESTING AND SPECIFICATION

OF CONDUCTING AND

PROTECTIVE COATINGS FOR

ALUMINIUM ALLOYS

P Walker

OR ALTERNATIVES FOR SOME

ASPECTS OF CHROMATE

CONVERSION COATING

TECHNOLOGY

9

AWE plc
b,

Cllromate Elimination Workshop:
Albuquergu_
New Mexic_

146 Septelnlber 199."



(1) A Spe_:ific Product Spec - for a

proprietory material

(2) Performance Spec- for any material

(3) Material Spec- for a specific

formulation

(4) Material and Performance Spec- the

ideal

• (5) No Spec (or so loose as to be useless)
J

- easiest and worst approach
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Corrosion Protection Required

Electrical Resistance

Adhesion

Colour

Processing speed, etc, etc, etc

148



ECTIO

o

. (1) On what? - alloy type

(2) To what?- salt spray, humidity,

accelerated weathering

or external weathering

(3) For how long?

(4) At what coating weight?

(5) What process to achieve (4)

. (6) What cleaning methods to achieve (1),

(2) and (4)

149



I

(1) Type of alloy - commercially pure- high performance(Cu, S1, Mn, Zn, etc)

non-accelerated,
(2) Type of chromate coating - accelerated,

prop.

(3) Efficiency of cleaning
J

(4) Coating weight

(5) Coating quality

(5) Encompasses (1) to (4)



AIAX)YS
A
BS3L70: 3.9- 5% Cu, 0.2- 0.8% Mg, 0.5- 0.9% Si,

0.4 - 1.2% Mn - Solution heat treated

L104: As above but solution heat treated and precipitation
heat treated

_NS8: 0.1% Cu, 0.5- 1.0% Mg, 0.4% Si, 4.4- 9.0% Mn,
0.2% Ti, 0.25% Cr, 0.4% Fe

D
BS1470: Commercially pure aluminium (99%)
SIC 8H



COATING WEIGHT APPL

P E 1

I ' I I _ _ I I

ALLOY
' ' i| i i ii

TREATMENT g/m z
,,, i i ii i

A B C D
III

I i ,, , , , ,, , I
I

_loclene 302 1.06 0.68 0.49 0.54

Alocrom 1200 0.52 0.41 0.56 0.24

Alocrom 407 2.00 5.32 4.82 4.40
m

t !

Bonderite 705 2.96 2.35 2.4 1,56

Bonderite 711 0.33 0.37 0.31 0.37

Non-prop. 0.26 0.24 0.56 0.52
.q i, ,,,

....... ' ' , , - , ,,i i|ll '



@

EFFECT OF COATING WEIGHT O_

INITIAL CORRO__ION IN SALT _

| , | | i i II II

ALLOY

A B C* D*
PROCESS ..................

wt hours wt hours wt hours wt hours
g/m 2 g/m2 g/m 2 g/m 2

Aloclene 302 0.35 60 0.28 90 0.26 860 0.26 460
_' 0.66 90 0.54 140 0.43 1270 0.45 590
'_ 0.80 220 1.15 180 0.78 1270 0.63 • 1700

1.33 220 1.40 200 1.08 2180 0.80 1700
1.60 220 1.70 200 1.30 2180 1.02 1700
1.76 220 1.85 200 - - 1.23 1700
1.94 220 1.95 200 - - - -

,i ,i ' • [ . a, m

Alocrom i200 0.25 , 96 0.29 80 i 0.26 72 0.13 600
0.50 150 0.51 90 0.45 96 0.32 600
0.62 180 0.60 180 0.68 332 0.58 600
0.72 180 0.71 180 1.10 2180 0.84 600
0.79 180 0.96 180 1.35 2180 1.08 600

.... 1.71 2180 1.16 700

* Points of breakdown did not increase with increasing exposure time



Allow m] ?o
Alloy BS3LTO Bo4Lium _xide etohed

t_aaod Only, x2000 Showin_ iron inclusions
6how'J.nG il'on inclumionm

tJ_

A11oy BSBLTO Alloy _$5L70

De&,reased Only_ x2000 Sodium hydroxide etched, x 2000

Showing a large iron inclusion Showing iron inclusions

Pla_e
0



i •

Alloy _L104 After 400 _"

Alloy BSLIO4 After 400 Hours Exposure _,oSalt 8pray XTO0
Exposure to Salt Spray X210 Showing iron Inclusiome at

Bonderite 705 points of failuree
Bonderite 705



ChromaLe Coatings on Alloy ]_1_70-8[C E_HX3750

Aloclene 302 Bondertt'. 711
Alocrom 12OO Non-Proprietary
Alocrom 407 _Jonderi_e 705 Commercial

Plate



' (1) Surface

or

(2) Bulk

(3) What method- contact resistance,
contact pressure

(4) What coating thickness/weight

(5) What value

" (6) reproducibility
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i

o

(1) To what

(2) What- method - Pull-off
Torque Shear
Arco Knife
Cross Hatch & Tape

(3) Under what conditions

(4) What failure value

(5) reproducibility
I
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Adhesion of Silicone Alkyd Paint to Aluminium to BS 1470-SIC-8H

(Conversion Coatings - Torque Shear)_

i

Controls After After Accelerated

Treatment Humid_i_it'r Test WeatherinB__..___

_ MPa psi Fa_ MPa psi Failure MPa psi Failure

DeKrease only 29.3 4250 90% AM 13.5 1960 I00_ AM 18.1 2620 20_ AM

Unaccelerated A 32.9 4770 90% AC 21.5 3110 80_ AC 29.7 4300 6% AC

Unaccelerated B 39.3 5700 50% AC 33.1 4800 50% AC 31.7 4600 10% AC

Accelerated A 41.4 6000 50% AC 25.9 3750 80% AC 31.2 4520 CP
I

Accelerated B 37.2 5400 90% AC 25.9 3750 80% AC 35.2 5100 2% AC

AM - adhesion to metal

AC - adhesion to chromate film

CP - cohesive failure in paint



Adhesion of Two Pack Polyurethane Paint to Aluminium to BS 1470-SIC-8H

(Conversion Co____atings- Torque Shear)

J

i s After After Accelerated

- I ControlTreatment Humidity Test Weathering

_lure ,_Failure _ Fallure

Degrease only 129.814320140% AM 9.?I14101_0% _ 15.212200 I0% AM

NF 28.3 I 60% AM 36.9Unaccelerated A143.0162401 14100 15350 10% AC
5% AC

Unaccelerated B144.7164801 NF 14.6121201100% AC 30.3 4400

Accelerated A 137.8154801 NF 44.1164001 55" AC 40.3_5850 NF

NF - No failure

*Conversion coating failed from metal





EFFECT OF WATERIMMEli_ION
E@OXIDEPAINT ON ALUMINIUM

(torqueehe4r,1500hours, ellene In paint,
• % on solids)

.o

Sliane/Surfaoe Initial Wet Reoovom4
pmpemUon MPa/Amo MPo/Amadetached

t,-)

-.--- _'--,mmd 27.Sri00 tLTn00

0.1 MPS/degremed 32.1/80 32.6/0-20 44.t1'J0-110

0.2MPS/degremed 4,_9/0-I _l.lR-:0 4L1R_Ie
0.1 .4AM,,_egreM4d 45.8/0 41.4/0 44,9/0

0.2 AAMS/degmaeed 47.2/0 41.4/0

None/gdtblasted 32.7140 24.0Q0-100 29,2/a0-ii0

0.2 MPS/gdtblasted 45.1/0 38,6/0 49.7/9

0.2 AAMSlgritblasted 44.4/0 41.4/0 48.3/0



EFFECT OF WATERIMMERSION

.EPOXIDEPAINT ON A__M
(direct pull-off, 1500 houm, Mlane on

su_ 2_ _i_)

SllanelSurfaoe Initial Wet iteoommll
Pml:arstion MP_Ama MPs/Ama MI_/Ame

detached detached detlmltul

None/degreased 21A/90 5.7/100 11.2/_Q

MAMS/degreased 30.2_ 12.0/30 1_7/80

AAMS/degremmd 31.2/0 11.5/30

None_ritblasted 285/30 8.5/100 13.7R0

MAMS/gdtblasted 31.8/10 13.3/40 21_1/50

AAMS/gritblasted 32.5/0 13.0140 253)/30



EFFECT OF WATER IMMIL_/ION
POLYURETHANEPAINTON+&LUMINIUM

(torque shear, 1500 hours, !ltMm In paint,
% on

Sklm/Sulla_ Initial Wet
MP_Am MPa/Alme

_ I,_ dot,r,_,d ¢l,,_,t,d
NOne;-_-----'-"'- -" 28.1/90 9.3/100

0A MPS/de_ 33JVI)0 12J/100 _l.Tf100

0_1AAM_ 36,31100 10_1n00

0.2 A_ 37.7/30 20.0/100 31.1/100

NOCl_tld 33,1/100 21.2/S-10 N&'20-e0

0_1AAMSIgdtblasted 44_l/0 39.7/0 48,3/0

0.2 AAMS/gritblasted 45.7/0 39.2/0 46.9/0
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EFFECT OF WATERIMMERSION
POLYURETHANEPAINT ON ALUMINIUM

(direct "pull-off,1500 hoUm,sUeneon ,
- . surlaoe,2% eolut'_) _

- $1_da_ Initial Wet tteelwmml
•-;--u_.::._ MPa/Ame

Nmte/dellmaMd 12.6/100 3,8/100 ik9/100

MAMS/demmaMd 32,3/30 10.1/30 21Ji/30
22JUt0

AAM$ 263/40 11.1/30 .

Notte/mdqllaeted 28,6/10 8,5/100 12.(VI0

_asted 33.7/0 13.0/20 22A/40

AAMS/gdtMasted 34.0/0 14.9/20 22.0/30



i SILANES-ZINC-TOROUE SHEAR
_i ON THE SURFACE,2% SOLUTION IN
, ALCOHOI./WATII_R

1500 HOURS ACCELERATEDWEATHERING

811an44Palnt Initial Wet Rlm(wmm_
_ MPa/Ama MPm/Amm Mi)m/Ame

None 4731/0-20 27.1/100 21a?J1m

MPS 4LW0 :re,e/to-so 44.:go
AAM,q 43.7/O-8O 37.2/0-100

F.pex_
None 37.6/40-100 20.0/100 2t.5/100

MPS 49.6/0 37.9R0 44.5/0

AAMS 41.7/0-50 44.8/0-30 47.2/0
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.E,,LECTRICAL.RE31STANCEOF EPOXIDE .RE3IN.PAINTS_- SILVE& _ F_ '
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In Innn II Bill ........... I J_ L II

ce/1 44 1,5 = loe •
Q

cP/z 48 8oo.o . '
ce/_ 51- 9_.o ..
0#4 _ 750.0
cP/p _ 5po,o
ce/9 6_ 5,930
ce/to _ 65 6,200

cP/_l 68 3.6oo
0P/14 , ' 72 0°2|0

cr,/tp 78 o,2pl
,.

0p/16 8o 0,03.5
+

. 'cP/1'7 82 0,032
. ce/i8 85 o,o3e ' .
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B_ 0_ _I]lO AND SILVER C(ITMIT ON THE _ISTARCE
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CP/]_ ' 61 . , 1_,000
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c_/_ _ 4,46
cP/_4 . "16 . o._
cP/2_ 7o • • o._o
cP/_6 eo o._
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c_/_e _ 84 . " o._6
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CP/_I 80 0.25 .

CP/_2 02 ' 0.16

ce/:_3 e4 • " 0,_2
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Scratch Resistance

! Xm_actTest • I- 0.4 in. [ 0.2 in° [ 0.4 in. -l i:_--;_:-,'O.lejj,. |

I'o oo, i ] i : I
-o

_ -



• ° •

• TJLBZR8 .... - _
• _m-mmmmmmmmm ". -: . ;.

,_o._A__ m zez_er.Aczezsz__czoFco,ooczz.cPAz_zs- _16_ _, (__mn_/,_.-.
- (c__ _ ____)

• . .

• • if_ .%- °% ...
................ iii • i . i iii i ii ....... _ ..... I I i i • • ii iiiii • i iii

" 50°0 100°C 150°0 200°C Vea_e_ter

i i,, • i i ....
• i u ._ :

O 0,241-0,272 O,188--0.248 0,361-0,502 0,460-0.622 O,578..0,705

10 -0.047 .-0.220 ..0,:):_) -.0,418 -.0,182

100 --0,094 -0,184 --0,_ " -.0.598 -.0,4:_

500 .-0,069 -0.222 "-0.3_5 -0,451 --0.406

750 -0.142 -.(3,170 -0.435 -0.601 .-0,466

IO(X) -.0,1_b6 -..0,199 ...0,470 .-0,612 " .-0,440
IIi IIIi l m 'I ................ [ II II _ iii ii 11





Alloy BSI470 Alloy _1470

Dm_ased Only, x2100 Sodium hydroxide e%ehQd zTO00
Showing iron inclusions plate 4 Showin_ i_on incl%_%@M



-.J

A].loy BSLI04

Alloy BSL]04 Sodium hydroxidc; etched x2100
x2100 Showing iron inclusions

Degreased Only,

Showing an iron inclusion



--d

Alloy BEI470 After 400 Hours

Exposure to Salt _pra_ X210 Alloy BSI_70 After 400 floursExposure to Salt Spray XSO0
Bond__rihe 705 Showing typical points of

failure. Bonderite 705



Session III:
Preparation for Coating

Florian Mansfeld and Gail Murphree
Moderators
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Surface Pretreatment of
Aluminum Alloys

C. A. Drewien

-_ Materials and Process Sciences Center
oo Sandla National Laboratories

This work was performed at Sandla National Laboratories, which is
operated for the U. S. Department of Energy under contract number
DE-AC04-76DP00789.
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Objective of Surface
Preparation

• provide uniform activity on the alloy surface
- remove oil, grease, buffing compound, or other foreign

matter

- remove inhomogeneous native oxide and grow
homogeneous oxide

. remove thick heat-treated films from unpolished,
heat-treated castings

- remove undesirable microconstituents that interfere with
uniformity of surface



Factors Influenced by Surface
Pretreatment

° Adhesion
_ environment-induced failures occur at or near the

adhesive/adherend interface

- bond durability depends upon surface preparation

Corrosio Res"o • n istance
- pitting corrosionsensitive to surface treatment
- inhibition influenced by elements on coating surface

° Coating Growth and Formation
- elements enriched on surface or in surface layers

become incorporated in coating influencing growth



Surface Preparation Sequence
• de-grease to remove organic debris

- vapor degrease
- solvent washing

- solvent emulsion cleaning

• clean to remove inorganic debris
oo formulated detergents

- mild etching solutions

- non-etching solutions

>>using silicate inhibitors..

• de-oxidize to remove or!glnai oxide and..
microconstituents causing _nhomogene=ties

- basic solutions requiring subsequent desmutting

- acid solutions- machine or buff followed by cleaning



Tradition/Environmentally"
Conscious

• _ronmentally
'raditional Practice

Concern Conscious

De-grease vapor degrease carcinogenic nature d-limonenefreon cleaners ozone depletion
_.. carbon tetrachloride rinse residue
oo acetone rinse or wi

_ buffered carbonate-phosphate same
Clean carbonate-silicate mixture _

toxicity/carcinogenic sulfuric acid with metal
De-oxidize chromic-sulfuric acid

sodium hydroxide nature of Cr sulfates and/or
sulfuric acid-hydrogen peroxide N, P, F (in Japan) clathrates
nitric acid-ammonium bifluoride



• m

Surface Enrichment

• Silicon
- dissolution of aluminum in NaOH slower than AI leads to

Si particles on surface (Tallant, 1980)

• Zinc
- no enrichment in oxide of 7075 during de-oxidizing

(Solomon and Hanlin, 1980)

• Chromium
- found (using SIMS) incorporated into anodized film in

trace levels (McDevitt et al, 1976)



Surface Enrichment

• Magnesium
- selective thermal oxidation at temperatures > 450 °C (Sun

et ai, 1979)

_ - poor adhesion properties (Gaillard et al, 1984)
oo

• Copper
- enrichment in acid de-oxidizing baths by metallic

deposition of Cu in solution (Pocius, 1983)
- enrichment at metal/interface surface due to preferential

oxidation of AI in de-oxidizing or anodizing bath (Sun et
al, 1978)

- poor adhesion properties
- poor coating formation



Surface Pretreatment

IMMERSION
VAPOR --P ALKALINE ___

DEGREASE NON-ETCH RINSE
OO

CONVERSION
Nitric Acid IMMERSION ___

-_ COAT
DE-OXIDIZE RINSE



AI 2024 degreased



AI 2024 de-oxidized
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Auger Lineshape Profile
Cu (L3M,, sM,, s) Auger Parameter

Cu(2p3/2) vs. CulL3M4,5M4,5)

Cu" (x,+ hv ('eV)
Cuo 1851.4

_ Cu(il) 1850.9
o_ uJ Cu(I) 1849.1_" Cu(ll)

UJ AI 2024 1851.2

z Cu(t) AI 1100 1852.2

AI 2024

AI 1100

I I l l

350.0 345.0 340.0 335.0 330.0 325.0

Binding Energy, eV



Pourbaix Diaq ram
Potentml vs. pH eqmllbna
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AI 2024 coated with
Hydrotalcite

6
" ,,Aluminum
- f.=_

;_ " S % ----,-- Oxygen_-" 5 - ..----Carbon
.- . ¢

_. --Copper= "r %
I - Magnesium

4 :/
O

3

2

O U mm N i I inngN i i

0
0 2 4 6 8 l0 12

Sputter Time (min)



Summary

• Surface enrichment of copper occurs on Ai
during de-oxidizing treatment

° Cu enrichment on AI 2024-T3 is on order of 3-
- 4x Cu level in bulk material

• Cu exists in the zero valence state

• Enrichment occurs by copper deposition



Session IV:
Emerging Coatings Technology

Rudy Buchheit and Paul Chalmers
Moderators
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Session Four: Emerging Coatings Technology

Moderators: Rudy Buchheit, Sandia National Laboratories
Paul Chalmer, National Center for Manufacturing Sciences

1:00 Ground Rules and Goals

1:05 Sol-Gel Synthesized Polymetailosiloxane Coatings
T. Sugama, Brookhaven National Laboratory.

1:30 The Use of Intense, Pulsed Ion Beams for Material Surface Treatment
- R. Stinnett, D. Mclntyre, R. Buchheit, B. Turman, E. Neau, Sandia National Laboratories,

J. Greely, M. Thompson, Cornell University, D. Rej, Los Alamos National Laboratory.

1:55 Chromate-Free Talc Conversion Coatings for Aluminum
R. Buchheit,C. Drewien,J. Finch,Sandia NationalLaboratories,
G. Stoner,Universityof Virginia.

2:15 Break

2:30 Surface Modification of Stainless Steels by Electrochemical Methods
F. Mansfeld,Uni,'ersityof SouthernCalifornia.

2:55 Overview of the NCMS Chromate Alternatives Project
P. Chalmer,NationalCenter for ManufacturingSciences.

3:20 Moderated Discussion.

4:00 Adjourn
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In this session, we will examine some of the major classes of emergent
chromate replacement technologies through representative presentations for:

• Sol-gel Methods

• Dry Methods (Pulsed Ion Beam Surface Treatment)

• Chemical Methods

• Electrochemical Methods

• disseminate information to potential users of these technologies

• provide guidance to aid in structuring the development process



Sol-Gel Derived Polymetallosiloxane Coatings

For Corrosion Protection of Aluminum Substrates

Toshifumi Sugama

Energy Efficiency and Conservation Division

Department of Applied Science

Brookhaven National Laboratory

Upton, New York 11973

Summary

Various polymetallosiloxane (PMS) polymers, such as polytitanosiloxane

(PTS), polyzirconosiloxane (PZS), polyborosiloxane (PBS), polyaluminosiloxane

(PAS), polylanthanosiloxane (PLS), and polytinsiloxane (PTIS) were synthesized

through the hydrolysis-polycondensation-pyrolysis route of two-step, acid-base

catalyzed sol precursors consisting of N-[3-(triethoxysilyl)propyl-4,5-

dihydroimidazole (TSPI) as monomeric organofunctional silane, metal alkoxides,

M(OR) n [M" Ti, Zr, B, AI, La, and Sn, R: CH_, C2H_, and C3H_, n" 2, 3, or 4],

methanol, and water, at pHs from 7.1 to 7.9. The synthesized PMS polymers were

then evaluated as corrosion-protective coatings of aluminum (AI) substrates. The

PMS-coated AI specimens were prepared by dipping the alkali-etched A1 into the

sol precursor solutions, then pre-heated at 100°C to form xerogel films.

Subsequently, xerogel-coating films were pyrolyzed in air at 300°C for 30 min.

A microstructural geometry of 300°C-treated PMS coating surfaces, in which

fractal clusters were linked together, was characteristic of PTS, PZS, PAS, and

PTIS coatings, while no fractal features were seen on the PBS and PLS coatings.

The surface microstructure for the latter films showed a wrinkled and grained

texture caused by thermal shrinkage of film and the formation of oxidized °

particles in the film layers, respectively,
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The following four factors played an essential role in improving the

protective ability of PMS coatings on AI substrates; i) the increase in

densification of M-O-Si linkages in the PMS network structure with an increased

treatment temperature from i00 ° to 300°C, 2) the minimum susceptibility of film

• surfaces to water-wetting behavior, 3) the interlocking morphology between

cluster units consisting of symmetrical fractal branches, and 4) the dense
h

microstructure of clusters of - 2 #m entirely covering the metal substrate. The

major contribution of factors (3) and (4) was to minimize the stress generated

by the shrinkage of films, so that there was no crazing nor peeling. Polytitan-

osiloxane (PTS) was identified as the most effective cluster-coating film which

exhibited all of these important factors.
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Breakaway Potential

AI--- AP. + 3e-

Passive Region

H++ H+--- H2



Rapdily Solidified AI

Ingot AI

Deaerated 0.1 M NaCI







Non-Chromate Talc Conversion Coatings for Aluminum

R.G. Buchheit*, C.A. Drewien, J.L. Finch
Materials and Process Sciences Center

Sandia National Laboratories
Albuquerque, New Mexico 87185 -

G.E. Stoner
Department of Materials Science and Engineering "

University of Virginia
Charlottesville, Vkginia 2290?

Abstract

We have developed a method for forming an inorganic ,'onversion coating on aluminum
that is procedurally similar to chromate conversion coating methods. This new method,
however, does not use or produce hazardous or toxic chemicals. The coating forms by a
precipitation mechanism involving AI3+, Li+, OH-, CO32-, and possibly other anions
present in the bath as impurities. This polycrystalline coating is continuous, conformal
and persistent in aggressive environments. Coating thicknesses range from several tenths
to ten micrometers depending on the substrate alloy composition and the coating process
conditions. The outer portions of the coating are porous, but pores do not penetrate to the
coating-substrate interface. These coatiiags, as currently fabricated, do not match the
levels of performance offered by commercially available chromate conversion coatings,
but are capable of meeting many of the corrosion resistance, conductivity, and paint
adhesion requirements established in MIL-C-5541E "Chemical Conversion Coatings on
Aluminum and Aluminum Alloys".

In this presentation, methods for producing the talc coating on 6061-T6 will be described
and compared to traditional chromate conversion coating methods. The resulting coating
structure and composition will be briefly described. Additionally, performance data for
the talc coatings in MIL-C-5541E required tests will be presented along with comparative
data for a commercial chromate conversion coating.

This work has been sponsored by the U.S. Deparzment of Energy under contract no. DE-
ACO4-76DPO0789.
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Talc Coating as a Metal Finishing Process

• Non-electrolyticMethod

• Desirable Properties Exhibited

• Low Toxic Hazard



Contributors:

Sandia University of Virginia

Celeste Drewien
Jan Finch LysleMontes

LoriMaestas GlennStoner
-_ MikeBode

TerryGuilinger Sandy Christian,VCIT
ChuckHills JuilaStefanelli,VCIT
PaulHooper MikeWhitham,VCIT
MikeKelly
Ted Neil

RobSorensen
TomTribble
KevinZavadil



Primary Goal:
A method for fabricating inorganic coatings with attractive
properties that does not use or produce hazardous
substances.

Project Guidelines:
* coating procedure is similar to existing methods;

processing time and cost are reasonable

* desirable properties are offered:
corrosion resistant- conductive- adherent

* compatible in relevant systems environments

• I I I I _



Passivation in 0.1M Li2CO3 plus 0.6M NaCI
at pH 10: Anodic Polarization

1100 AI

/



Talc Conversion

Degrease
Alkaline non-etchcleanse

Acid Deoxidize

Coat"
b_

; < 15 minutes
Li2CO3plus LiOH
11.5< pH < 13.5
20° C < T < 70° C

Post Coat Age:
3 to 24 hours
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Talc Films

• O.1 to 10 I_min thickness

• bilayered:poorlycrystalline,Li-poorinner layer
crystalline Li-richouter layer

b_

• conformal and continuous

• exhibitsbarrier properties

• persistentin aggressiveenvironments



PerformanceAssessedper: MIL-C-5541E "Chemical
Conversion Coatings for AI and AI-AIIoys"

Corrosion: Salt Spray (Fog) Exposure

Resistivity: ContactResistanceunder an impinging load

PaintAdhesion: Adhesionof paint after aqueousexposure
and scribing
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Corrosion ResistanceAfter Exposure to .
Elevated Temperatures

Hydrotalcite Alodine
1100_.__6606_1 1100 6061

 (oc) e
,..) 25 _,ii_ _,E_:;i,_'_ P e e. P P
F_,, 70 p p p P :_Eiiii:iP P

115 P P P :E:::i_iii::i'_::Fi!iI P :Fii:!:!!:::::::..:::::::::':::: -: .: ..., ;;:.:..

16o p p P P :_iiilli!ii!_iP i,_
205 i_-,_i_:_iP P P P ii::::Fi:_i_P P
250 P P P P P P P P
3oo ____P__PP P---P__

Coated couponssubjected to salt spray exposureper
MIL-C-5541D & ASTM Bl17; exposure time • 168 hours
P = pass
F -- fail
A,B refer to couponnumbers



Talc Coated 6061-T6

Resistivity(mohm/in2)
BeforeSalt Spray After Salt Spray

Specification < 5 < 10
Talc22° C 1.11+0.47 3.81+_1.86
Talc50° C 5.26+._2.72 1.74:1:0.69

Paint Adhesion

(high solids-white urethane paint)

Specification no delamination
Talc22° C far#
Talc50° C fail



ConductivityData

FourPointProbeCoatingResistances(inmilliohms)

2024-T3 0.32+_0.060 0.23_+0.064 0.23+_0,010 0.31:L-0.051I
6061-T6 0.36+_0.043 0,37_0,039 0.34_-_+0.0620.36_+0.045|

...I

Mercury Probe CoatingResistances(inohms)

Alloy Alodine (as-coated) (=@ed_S0oC) Uncoated
_1200S

1.0 x 10-I 1.67xl 0 2.56xl 0 !
[] 2024-T3 2.4 5.7x104 8.3x106 1.6 |

6061-T6 30.0 2.21x109 6.6xl 09 5.0 |



• Simple • unfamiliartechnology

• Rapid • corrosionresistanceinferiortochromateprocesses
- • Lowcost
oo • adequatepaintadhesionis

• Somedesirablepropertiesoffered unproven

• Lowtoxicity • processis notoptimized



Summary

•Talc-likebarrier films can be formed onAI by
immersionin alkaline Li-salt solutions

• Films are conformal, continuous, and persistent in
aggressive environments

b_

° A simple immersion method has been devised for
producing these coatings

• Coating operation is rapid and low cost, with a
low toxic hazard

• The coating exhibits desirable properties and meets

many standardized performance criteria _ .--



NATIONAL CENTER FOR MANUFACTURING SCONCES
ENVIRONMENTALLY CONSCIOUS MANUFACTURING

Presentation to Chromate Replacement Workshop
Sandia National Laboratories, September 16, 1993

Abstract,

¢
The National Centerfor ManufacturingSciences (NCMS) is a consortiumof over 160
United States and Canadianmanufacturingcompaniesdedicatedto improvingthe global
competitivenessof its members. Its Technologyfunction,which organizesand manages
cooperative researchprojects involvingprecompetitivetechnology development,divides
its activities among six StrategicInitiativeGroups,includingEnvironmentallyConscious
Manufacturing (ECM). Currentlyactive environmentalprojects within ECM span
programareasrangingfrommaterialssubstitutionissues (CFCand lead replacement)and
pollutionpreventionin surfacefinishingoperationsto remediationof industrialwaste sites.

NCMS'Technologyagendais industry-driven,respondingprimarilyto memberrequeststo
explore potential interestand initiate projects in a particulararea. One such project,
initiatedin late 1992, was originallystimulatedby the possibilitythat a membercompany
might be willing to offer for cooperativedevelopmenta process, developed so far on a
laboratoryscale, whichcould serveasthe basisfor a chromium-freealternativefor chrome
conversioncoating of aluminum.

As with manyNCMS projects,the first step was to put a notice in Executive Briefing, a
publication circulated widely among the NCMS membership,requesting input from
potentially interested individualswho might want to participatein a workshop on
chromiumalternatives. In this case, therewas an immediateindicationof widespread
interestfrom a broadspectrumof NCMS membercompanies. Accordingly,a workshop
was held in January, 1993. Participantscompared their specific interests, explored
possible areas of cooperation,and in the end developed the outlines of an introductory
project intended to assess the present status of potential alternativesfor the specific
requirementsrepresentedbythe membersrepresentedthere,andto serveas a springboard
for subsequentprojects aimedat developingpromisingcandidatesto the pointwhere they
could be substitutedfor members'currentprocesses.

In subsequentcommunicationsand meetings,the scope of the assessmentand some of the
proceduraldetails were worked out, a statementof work was generated,and a project
agreementdrawnup. A copy of the work statementis includedamongthe viewgraphs.

- This project serves as a good prototypefor the project formationprocess at NCMS.
Member companies with common interests, in this case the need to solve a common

• environmental problem, find it advantageous to combine their resources to avoid
duplicationof effort, andto leverage their individualcontributions,in an areawhich does
not involve direct competitionamongthe participants. Although it is still somewhatnew
to U. S. industry,this mode of operationis rapidlybecominga useful option in the quest
for global competitiveness.
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EnvironmentallyConscious
Manufacturing
StrategicInitiativeGroup
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1993PlanningCommittee
• Wayne France, General Motors Corporation, Chair
• Neff Sbar, AT&T,Vice Chair

• Angelo Decrisantis, United Technologies Corporation, Secretary

• Jim Anderson, FordMotor Company

• Paul Arbesrnan, Allied Signal

• Mike Leake, Texas Instruments Incorporated

• Karen Salveta, Digital Equipment Corporation

• Ralph Worden, Kingsbury Corporation
• Vic Schaefer, Cincinnati Milicron

• Ed White, Eastman Kodak

• Steve Lingle, Environmental Protection Agency

• Gary Vest, United States Air Force
• Don Va]ukas, National Defense Center for Environmental Excellence

3

Vision

• Environmental stewardship through
development and implementation of
Environmentally Conscious
Manufacturing to enhance global
competitiveness of U. S. and Canadian
manufacturing

2;Page2
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Mission
P,

• Establish and implement an advanced and innovative
Pdortfolioof science and technology research and

evelopment progran_, to ensure and facilitate
environmentally consclous manufacturing

• Leverage member company resources and dual-use
technorogies to achieve'these objectives

• Disseminate to industry, government, academia, the
public sector, and the marketplace, the results of the
NCMS envzronmentally conscious manufacturing
research and development

• Be the best source of environmentally conscious
manufacturing science and technology for the
industries andmembers served, consistent with t_._
goals of the NCMS organization _ s

Program

• Life-Cycle Design for Environmental Compatibility

• Manufacturing Solvents and Their Substitutes
• Reduced Lead Use in Manufacturing

• Environmentally Conscious Manufacturing Packaging
Initiatives

• Emissions from Surface-Finishing Operations

• Sensors for Environmentally Conscious Manufacturing
Processes

• Remediation of Industrial Wastes

• Handling and Disposal of Metal-Working Fluids_
|



Strategy .
#

u * Focus and leverage resources to cost effectively achieve
environmentally conscious products and processes

• Streamline the administrative processes at NCMS and
member compames to achieve timely project
agreements and program implementation

• Se!ect projects with due consideration to the following
prloritized environmental zssues:prevention,
minimization, treatment, and remediation

• Implement the Air Force and EPA Memoranda of
Understanding for enhanced interactions between
government and industry

1

CollaborativeActivitieswith
OtherOrganizations
• Related Organization

• Center for Waste Reduction Technologies- AIChE
. National Association of Metal Finishers

. Institute for Interconnectin 8 & Packaging
Electronic Circuits (IPC)

. American Automobile Manufacturers Association

• Association of Electro Platers and Surface Finishers

• Microelectronics and Computer Technology
Corporation

, ElectricPower Research Institute
|
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r
CurrentProjects
• Environmental Impact Assessment- Solvent Database

• Material Compatibility Testing
• Definition & Measurement of Clean-

Electronic Components

• Environmental Impact Assessment - Monitoring &Modeling

• Component Compatibility Testing -Electronic Components

• Assessment of Plating Emissions Control Technology

• Development of Alternatives to Lead Based Solders

• Assessment of Remediation Applications

• Advanced In-Situ Bioremediation Developments
• Alternative Mechanical Interconnects -

Conductive Adhesives
|

EmergingProjects
1993 Starts

• Design Optimization of Metal Working Fluid
• Alternatives to Chromium for Metal Finishing

• Mold Release and Tool Preparation

• Pollution Prevention Implementation- Plating
Industry

1994 Starts

• Life Cycle Design

• Continuous Monitoring of Specific Volatile
Compounds

• EPA Priority Substance Elimination/Minimization

• Environmentally Conscious Packaging _ 10
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NATIONAL CENTER FOR MANUFACTURING SCIENCES
ENVIRONMENTALLY CONSCIOUS MANUFACTURING

ALTERNATIVES TO CHROMIUM FOR METAL FINISHING

STATEMENT OF WORK
6
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I. Purposeof Project

II. Background

HI. Summaryof ProjectTasks

A. Select Coatings,SubstratesandTests for Study

B. Prepare,Distribute,andTest Samples

C. Select PromisingCandidatesand AnalyzeEnvironmentalConsequences

D. Prepare FinalReport

IV. ProjectFunding

V. Project Schedule

I. orEmit

The useofchromiuminsurfacefinishingapplicationscarriesenvironmental,aswellashealth
risks.Thisprojectisintendedtosurveyexistingalternativestotheuseofchromiuminmetal
finishingprocesses.Projectparticipantsusechromeona varietyofsurfaces,fora varietyof
differentapplications,butallareveryinterestedinfindingsuitablealternatives.

Severalalternativesusingmaterialsotherthanchromiumhavebeeninvestigated,althoughmost
arestillinthelaboratorystage.Typically,whileacertainamountofcharacterizationhasbeen
doneoncoatingpropertiesduringthecourseoftheirdevelopment,many alternativeshavenot
beentestedspecificallyforapplicationsofinteresttoparticipants.

Theprojectwilltakeadvantageofthefactthatmostparticipantsaresetuptodoroutinetesting
ofcoatingpropertiesinconjunctionwiththeirmanufacturingactivities.Samplesofseveral
alternative coating types will be prepared,andwill be distributedto participantsfor evaluation in
test series most meaningful for their particularapplications. In this way, a broad spectrumof
comparative results will be generated, and will be used to identify areas for targeted
developmentof the mostpromisingcandidatesin subsequentprojects.
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El. Back mound

Metal finishing processes involving chromiumare in widespreaduse, in applicationsranging
from decorative finishes on ordinaryhardwareto hard and corrosion resistant coatings for
demandingaerospaceapplications. Chrome finishes are applied to aluminumand steel, as well
as magnesium and zinc. Processes can be dip coatings or electrochemical, and may involve
downstreamoperationssuch as additionalcoatingsor paint.

The major health and environmental problem with chromium arises with the hexavalent
oxidation state, which has been shown to be carcinogenic in animal studies. Processes using
chromium in lower oxidation states have been developed. While such processes may be
preferable from the standpoint of operatorsafety, the residues from any process containing
chromiumwill continueto pose an environmentalproblem. The conversion of chromium to the
hexavalentform in naturecannot be ruledout, so the disposalof chromium in any form is likely
to become increasingly difficult. Therefore,many currentusers of chromium-based processes
have become interested in exploringchrome-free alternatives.

One problem with the commercial development of suitable alternative processes is the
fragmentationof the potential market. If the market were dominatedby a few large customers,
or a few universally used processes, suppliers of chromium-free alternatives could target those
applications and be reasonably certain of a sizable volume once an alternative is identified.
However, with a large number of users,each with a particularmix of requirements, it becomes
unclearwhich choice of applicationis likely to lead to a commerciallysuccessful product. As a
result, while a few chrome-free processes have reached the point of commercial availability,
many of the potential alternatives have been developed in a laboratorysetting, and have not
undergonewidespreadevaluation bypotential customers.

This represents an area in which a cooperative research project can make a significant
contribution. Project participantshave developed test proceduresfinely tuned to their specific
applications. If provided with samples of alternative processes, participantswill be in a good
position to provide valuable feedback on the capabilities and shortcomings of tho_ samples.
Such a programcan identify wheresuitable alternativesalreadyexist, and can also identify those
areas in which furtherdevelopment is most essential. Such a comprehensiveoverview would be
difficult for any single company, actingalone, to generateorto justify.

m. fummmr.xor T Sm
AS

A. Select Coatings, Substrates and Tests for Study
V4

The Project SteeringGroupwill appointa committee to select the coatings and substratesto be
tested, and to determine the tests whichwill be performed. Criteriafor selection will include:
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• suitability for applications of interest to project participants

* • expected cost of final process

* amount of development needed for commercially viable process

,_Zi311m: In preliminary discussions, the project participants have identified five substrates as
representative of the range of alloys of interest. The final selection may be revised by agreement
of the Project Steering Group, should sample coupons be unavailable within the resource of time
constraints of the project, or should other information be developed indicating that a revision of
the list would better meet the interests of the participants. All of these substrates are aluminum
alloys. They are listed below, together with the rationale for their selection.

• 2024-T3, to representthe high copperstructuralalloys of primary interest for aerospace
applications

• 6061-T6, of intermediate coating difficulty

• 7075-T6, relatively easy to coat

• 3005, a nearly pure aluminum, similar to the common 3003 alloy used for beverage can stock
(for which a great deal of information has already been collected), and having good general
corrosion resistance to begin with. None of the participants currently uses 3003; at least one
uses 3005.

• 356, to represent cast alloys

_lll_l_: A list of potential coatings has also been prepared. The list is intended to serve as a
preliminary reference, and to indicate the wide variety of candidate processes already available
or under investigation. Any particular item may or may not be selected for inclusion in the
study. In order for a particular coating to be selected, at least one potential source must be
identified who agrees to provide the required number of samples. The list may be supplemented
by other candidates identified by the selection committee. The list includes:

1. Cerium (Australian process)
2. Cerium (GM process)
3. Cerium/molybdenum

I=

4. Alodine (phosphate + organic)
5. Alodine (Cobamine)J
6. Betz Metchem process
7. Sanchem process
8. Turco process
9. Hughes process
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10. Lithium(Sandia)
11. Lithium+ nickelacetate(San&a)
12. Northrup(Si)

13. Northrup(Mo)
14. Oakite(Okemcote)
15.Universityof Connecticutprocess(polymer)
16. CheckQPL(MIL-C-81706)for otherpossiblecandidatesfromvendorsof qualifiedproducts

Tests: A variety of tests have been considered for inclusion in the study. In preliminary
discussions,thebroadrangeof possibletests hasbeensplitinto two tiers. The "primary"tests are
those considered to be particularlyindicativeof overall coating performance,and/or are widely
accepted as standards. The remainingpossibilities are designated as "follow-up" tests, to be
performedas indicatedby the resultsof the primarytest series.

Primarytests will be carriedout undercarefully validatedconditions. For each primarytest, a
lead labwill take responsibilityfor settingthe standards,for ensuringthat its own testing adheres
to the standards, andfor assistingother participantswho perform confirmationtesting in keeping
the test conditionsas consistentas possiblefrom one labto another.

Follow-up testing will be performedby those participantsinterestedin generatingthe data and
equippedto runthe tests. The follow-upwork is expectedto generatevaluableinformation,but
the specificationof methodsand validationcriteriaare not necessarilyintendedto be as rigorous
as inthe case of the primarytests.

Four tests havebeen designatedas primary:

1. Corrosiontesting: saltspray(scribed,neutral),perASTMB117
2. Corrosion testing: potentiostatic(RPImethod)
3. Conductivity,perMIL-C-81706
4. Adhesion,per MIL-C-81706

The followinghavebeen listed as possiblefollow-uptests:

• Acidfog
• "Reallife" exposuretesting (long term)
• Impedancespectroscopy
• Additionadhesiontest_
• Humidity-temperaturecycling
• Paintand bake tests
• Reworkabilitytests (method to be determined)

In addition, it was recommendedthat various items of informationand recommendationsbe
obtainedfrom the suppliersof the coated samples,including:
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• CoatingweightIt

• Target characteristicfor which coatingwas optimized
• Timerequiredfor applicationof coating
• Numberof steps requiredfor applicationof coating
• Cleaningprocedurerequiredfor preparationto coat

The selection committeewill review these tests and their designationsas "primary"and "follow-
up", and may recommendchanges if appropriate.The ProjectSteeringGroupwill make the final
decisionconcerningthe tests to be performed.

A preliminarylist of participantscapableof performingeach of the primarytests has also been
assembled. The list follows, with possibleleadlabsfor eachtest indicatedby an asterisk:

1. Salt spray: TI*, Sandia*,Kodak, AlliedSignal
2. Potentiostatic: KPI*,Sandia(limited),GM-HR
3. Conductivity: San&a*,TI*,Kodak
4. Adhesion: Kodak*, TI, Sandia, Allied Signal (can supply paintedsamplesand do backup

testing)

In addition,UTC can act as gatekeeperand can prepare the database,while RPI can lead in
experimentaldesign, inpreparingthe environmentalassessment,and in producingthe finalreport.

The selection committee will assemble a detailed schedule of testing to be performedby each
participant. The final selection of substrates,coatings and tests, together with test methods and
statistical validation procedures,will be presented to the Project Steering Group at a project
meeting. Upon approvalby the group,the testingphase of the projectwill begin.

B. Prepare, Distribute, and Test Samples

Upon approval of the final list and schedule by the Project Steering Group, preparationof
sampleswill be arranged.This will involve procuringblankcouponsof the appropriatealloys in
sufficient quantity,labeling the coupons by stampingor othermeans, and applyingthe coatings
to be tested. Developers of the processes to be tested, or vendors of those processes where
commerciallyavailable,will be given the opportunityto supplythe coatings. Those agreeingto

* supplymaterialsto the project will be informedof the tests to be performed,and will be given
the opportunityto commenton the test methods, and to designate the specific characteristics for

v which their process is intendedto show optimalperformance. Preferencewill be given to work
which can be done in part or entirely as a cofunding contributionto the project. Before
distribution to project participantsfor testing, a preliminary round of tests may be done on
subsets of each sample set to verify quality and consistency. The Project Steering Group will
decide on the criteria to be appliedto the preliminaryround,andthe extent of testing to be done.
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After having successfully completed the preliminary testing round, samples will be distributed
among project participants for full testing. As far as possible, the identity of alloys and coatings
will not be revealed to the groups performing the testing until after the testing has been
completed. The lead lab for each particular test will coordinate the distribution of samples and
will monitor the status of the testing for that test. The Project Steering Group will delegate
responsibility for collecting the test results, and for tabulating and distributing them to project
participants. The UTC group has indicated willingness to act in a gatekeeper role for these
activities.

C. Select Promising Candidates and Analyze Environmental Consequences

The Project Steering Group will review the results and select candidate processes for further
analysis based on:

• performance results in the testing, as compared with processes currently in use

• range of appficability as compared with the interests of project participants

• estimates of eventual acceptance by manufacturers (considering both performance and
economics)

A contractwillbeawardedtoperforma preliminaryanalysisoftheenvironmentalconsequences

ofreplacingprocessescurrentlyusingchromium withthepotentialreplacements.The RPI
grouphasproposedtocarryoutthisanalysis.The studywillidentifytheissuesinvolvedina
fulllife-cycleanalysisofthealternatives,and willcarryouttheanalysisinsufficientdetailto

provideapreliminaryindicationofwhetherthealternativeislikelytobepreferabletochromium
fromanenvironmental(aswellasahealthandsafety)standpoint.

D. Prepare Final Report

The Project Steering Group will delegate responsibility for collecting the assembled information,
together with explanatory and other supplementary material, into a final report. The RPI group
has proposed to generate this report. The report will be reviewed by the Project Steering Group,
and upon acceptance will be released for distribution to NCMS membership and to U.S. and
Canadian industry within the time frame specified in the Project Agreement.

IV.

Specific funding levels for this project from NCMS member participants are listed in Appendix
B.
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v. Stlxtdult4

c Targetcompletion datesfor the tasks associated with each section are listed below. Numbers
referto months following startof project.

T_k _ Comnletion

A. Selection Appointselection committee
Preparefinalplan 1

B. Samples Procureandpreparecoatedcoupons 3
Completeprimarytests 6
CompletefoUow-uptests 9

C. Analysis Award environmentalanalysiscontract 7
Completeanalysis I0

D. Report Completefinal report 12
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Distribution:

MS 0342 Org. 1824 M.R. Keenan
MS 0342 Org. 1824 M.J. Kelly (5) j
MS 0340 Org. 1832 R.J. Salzbrenner
MS 0340 Org. 1832 R.G. Buchheit (20)
MS 0609 Org. 1841 A.J. Hurd
MS 0609 Org. 1841 T.R. Guilinger (10)
MS 0607 Org. 1846 W.F. Hammetter
MS 0607 Org. 1846 K.R. Zavadil (10)
MS 0899 Org. 7141 Technical Library (5)
MS 0619 Org. 7151 Technical Publications
MS 1119 Org. 7613-2 Document Processing for DOE/OSTI (10)
MS 9018 Org. 852_-2 Central Technical Files
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