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J U PPRIOCESS Optimization, YWaste Minimization,
olLJrur Preventlon (P2) or Toxic Waste Reduction

GVR)
2 1990s. i cus shifts to TUR
— TUR |snt synonymous with TWR

E— :.UR Can Increase hazardous waste generation

_'.”?-~:'f ’j'-l‘ :{/JVFEcan be a distraction from working the low hanging fruit of
== :- “TUR gets all the money
— — TUR can be a distraction from effective hazard management

- ® Present...TUR, Hazard Management (HM) and TWR
..Lean and Six Sigma
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Hozard MEREgEN W

s - Green
j 7 Chemlstrles/ Processes
= dreé for
Most Surface Finishing Requirements
SO
S we Must Devote as
— ~ much Effort to Effectively
- VEGEDL]E
as we do to Seek New Alternatives!
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1. Second and Third Generation Processes may be
Temporary.

2.  Will we run out of metals? Even greener processes
need improved management!

3. Improved Properties Critical for Successful
Implementation

4. Easier to implement change on new designs than on
legacy products

5. Some New Materials do not require Coatings...CRES,
Ti, Composites

WC/Co

WC/CoCr

WC/CrNi
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777 Advanced Materials Use

Boeing Technology

777 Advanced Materials Use
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I Steel

M Titanium
Compasite
Misc.

B Aluminum
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787 Composites Use

Boeing Technology

[l carbon laminate

Carbon sandwich

. Fiberglass

. Aluminum

D Aluminum/steel/titanium pylons

Copyright © 2006 Bouig. All Aghes oy i

Primary Structure Weight

by Material
Other

Steel %
1
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I.nti orated
TECHNOLOGIES, INC.




C=lelep mlating Alternatives =Sk

T
—

Table 7. Summary of racommeandations by rough ordar of usefulnass for the JSF.
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Pueslere® FERRIUM® 863 Puesler® FERRIUM® 853

INNDVATIONS LLC ga:::::; :esi"st.;::l.llstrahm-s(rmgm i for Aorospace INNOVATIONS LLC Corrosion Resistant Ultrahigh-Strength Steel for Aerospace
PP Structural Applications

Processing

Processing of Ferrium S53 is similar to other quench and tempered
martensitic secondary-hardening steels. Vacuum heat treatment and vacuum

Ferrium® $53 Mechanical Properties (typical)

YS uts |El Ra Hardness | CUN Kie Kisee : ] i :
< > —\ A tempering is recommended to avoid surface decarburization. After quenching
(o) [y |O8) |6 [(HRC) @) | oiin) | foidin) to room Ferrium S53 is subjected to cryogenic treatment to
assure a iti { Fermium S53 is typically double-
5 288 T8 A | A% - 70 “ step tempered around 900°F (482°C) and has excellent thermal resistance
approaching this temperature. This allows for higher grinding speeds without
risk for grinding burns and more reliability in service.
Other Key Properties
* Corrosion resi has been sea water tests Corrosion Resistance

and is less than 0.4 mils per year, eomparable to 15-5PH. The general corrosion resistance of Ferrium S53 is similar to typical

o Limited fatigue testing at a number of R values and stress levels has precipitation-hardened stainless steels such as 17-4 PH and 15-5 PH. Linear
shown equivalent performance to typical 300M values. polarization testing of Ferrium S53 measured an average comrosion rate of

oS53 yields a Class A Weld. Welding studies have shown minimal impact 0.40 mils per year versus a saturated Ag/AgCl reference electrode in 3.5%
oon mechanical properties. sodium chloride (NaCl) solution at ambient temperature. Femmium S53 is rust

resistant in 3.5% NaCl solution.
Materials by Design” Objective

Steels cumrently used in i i landing Density

gear, are not corrosion resistant and therefore require a protective cyanide-based The density of Ferrium S53 is 7.98 g/cc.

cadmium plating process. Cadmium, a known carcinogen, represents significant

environmental risks in both primary aerospace manufacture and at overhaul and Product Forms

repair facilities. The design objective of Fermium® S53 was to create an ultrahigh- Ferrium S53 may be manufactured in typical ingot, bar, and billet forms.
- strength stainless steel that would eliminate the need for toxic metal plating. Sheet and plate also available upon request.

Description Other
Ferrium S53 is a corrosion resistant ultrahigh-strength steel for structural Patent pending.
aerospace applications. Fernium S53 was designed to provide mechanical
properties equal to, or better than, conventional ultrahigh-strength steels such as
300M and SAE 4340 with the added benefit of general corrosion resistance
similar to 15—5 PH. This elrmlnates the need for cadmium coating processes,
which are and require bake-out
operations in order to avmd hydrogen embrittiement. Ferrium 353 has agreatly
to cracking (SCC) over 300M and SAE

Gk
4340.

Ferrium S53 utilizes an efficient M,C
through tempering while avoiding other carbides. This max:mues strength, wear
resistance, and toughness; resulting in a unique combination of mechanical

properties for a stainless steel.

Ferrium S53 uses a stable passive oxide film for optimum corrosion resistance. It
also has high hardenability, permitting less severe quench conditions for a given
section size and resulting in less distortion during heat treatment.

For additionsl information regarding QuesTek's Ferrium 553 cortact Charles J. Kuchmann by ema] or call $47.42 For additional information regarding QueTek's Forrium 553 contact Charles J. Kuehmann by somsl or call $47.425.8222.

November 2005
Copyraght € 2005 Ques Tok buncnations LLC.
Al rights recerved.

Nowember 2005
c et © 2005 Ques Tok bunovations LLC.
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Zinc-Nickel vs. Cadmium Score Sheet

Flasuneanes  —

LHE Cadmium IZ-C17 LHE Zinc-Nickel

Corrosion - Salt Spray 1000 hours + 1000 hours
Hydrogen Embrittlement(1a1) |  Pass |  Pass |

Hydrogen Re-Embrittlement -
o | gl | pass |
Hydrogen Re-Embrittlement -
e I

ThrowingPower |  Poor |  Good |
Eﬁ__ﬂ__ﬂ_
Lubricity |  Good | Needs Lubricant
Ieclrlcal Properties | Good = | @@ TBD |
Fluid Immersion | Good = | @ Good |
Strippability . Good |  Good" |

* Dilute HCI Solution - Strips Zn-Ni in 10 seconds and is Non-Embrittling
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S VEIENtEPaSSIVates _o'r lomites™are available for
Zieplating and cadmium plating alternatives
o Result évary fior clear, yellow and black processes and top coats

meay bereqguired to dupllcate corrosion resistance and torgue
Valliesiwith fasteners

—No Self healing with some exceptions

== :malent Processes based on the Navy TCP processes
r—e e effective on aluminum

—ff

=~ — 2024 alloy has been a greater challenge

-~ = Chromate/Primer Synergy .you can eliminate the chromate in
the primer or the “chromate” but not both

® Chromate primers are 25% by weight strontium chromate and
relatively thick...chromates are thin films

\ ';;4\‘3 h{ '
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Options — Chromate conversion of [
coatings and Al alloys

Program
Substitution, control options Best DoD Projects Gaps Implem

tions entation
Current tech [ (& it TS “F' -
mmercia 5 us mm E [: I:

vAIquIﬂed ESTCP Non-
cP C umate AI

lectrical
nerformance under
est (DDG 1000

on-Cr conversion TACOM,
- lulr. Alodine 5?""'

Paint adhesion Boeing production SAF flight nesl:lng

nromoters (sol- " Prekote

els Prekote
_---
olymer coatings oduction (steel SERDP
TEES | | B
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iome_Treatments (ESTCR)=

Description — Tri-chrome treatments [,

Technology Cerification
Program

Appearnce Immedislely Aller Possivate Film is Compramised:

Developed by NAVAIR and tested
under ESTCP WP-0025

Drop-in replacement for Cré*
conversion coatings/sealers

Cr3* with Zr inhibitor
Licensed and sold as

» B-K Aklimate

# Lusteron Aluminescent

- Iridite TCP

- Metalast TCP HF

» Surtec ChromitAl TCP
Other Cr3*, such as Alodine 5900
Commercial systems now often

contain Co inhibitors and SiO,
nanoparticles

Click for additional Info
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Best current options, gaps — Non- -~

Chrome Primer
Substitution

U Depends on application
» Chromated systems usually better
than non-chromated, but non-Cré*
has greatly improved recently
U Chromate primer over non-
chromate sealer
» Current NAVAIR requirement
U Non-chrome primer over
chromated conversion coat
» Good intermediate step with
minimal Crf* and equivalent
performance in many applications
# Currently used on F-35

» Uses minimum Cré* as pretreat far
thinner than primer

Technalogy Cerification
Program

U Long-term: Single-component low
temperature powder coat with
inhibitor may provide better
performance

Control

0 PPE

Gaps

U Internal fuel tank coatings

U Fully chromate-free paint system
with better or equal performance

» F-35 development, testing in
process

» More difficult (longer term) on
2000 and 7000 series alloys

& o U
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hromium Plating Optionss

Options - Hard chrome plating . A

Substitution, control options Best DoD Projects Gaps
options

ntation

Commercial DoD Status

Dpﬂnns Status 'm0 =& O >

_:- g implemented --. HCAT HVOF:fpall-resistantja/c LG -
landing gear. pt OO-ALC. Depnr ompleted aating for ew/MRO;
GTEs, acts | arrier a/c LG hydraulics

lectroless Ni mary ID alt. Some R&D, testlng v AFRL NLOS No qual ID

=

> Erowing use, F-35 I] Niplate 700. Not

lmplemented ',

0 herelectraplates Co-P electroplate
p_blectroplates - GTEs [iemival, 1ax___ S ——
—-——-

e —- g ]
a (gun barr, small) _ ERDP oD gun barrels
L -2 — e ——

ONTROL OPTIONS [ ]
Segregatedline | Inuse(FRCSE) | ~ |
nclnse-dline | ]nplanning (WR ALC -

burciarts | Jnuee
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rlzlrely bmiuwtingﬂim

2 V@) & arlous)

PRNENO stalllne Co/P (Integran) looks
,)rJ,r mg but it has not scaled up well

S-S _,_es

S ——

> ﬂCost
- — Line-of-Sight

\.
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Status — HVOF ey

Commercial/lOEM DoD

&% Specified on all new landing gear 1 Project to replace all EHC on LG
programs at Ogden ALC
= B787, B767-400, A380, A350 » 38-128 qualified so far
£3 F-35 (all variants) J Advanced testing, Qualifications
- Increasing use for hydraulics » Flight testing EA-6B (JAX), CH-53
£} Aircraft (OEM, MRO) (FRC-E)

£ Caterpillar vehicle hydraulics » C-2, P-2, P-3, C-130 propeller
(OEM, MRO) hubs WR-ALC, FRC-E

- Specifications * H-1 drive and rotor components,

FRC-E
> AMS 2447, 2448, 2449 . .
> Boeing 5851 P-3 LG (FRC-SE) qual'd but not in

production
TF33 GTE (OC-ALC)

& e U
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DECOTA ive C.h&mium-PJating o

—

Tr]v_JJag' shromium' Plating and PVD are the best
diteriatives to Hexavalent Chromium Plating

PYD) 3top coats” provide lifetime finish over nickel plating
WJrn excellent wear/abrasion resistance...decorative
gerdWareand plumbing

== ( apltal Costs

== Process Flow

’ﬁ"walent Chromium Plating provide a good alternative
~ for automotive trim and other similar parts where
corrosion resistance is primary non-decorative
requirement
— Hexavalent Chromium Plating can be Operated in a Closed Loop
— Color is the only issue to complete conversion

—~
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SAPECOrative Thin Films Only
BSynergistic Coating over Electroplated Nickel
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NiEkeIvs. Cobalt —

2 Cople }ued debate regardmg WhICh
eJem Nt is more toxic

- J\/LJ \ alternatives to Cadmium Plating
lude Nickel Alloy Coatings or Substrates

7?-- ) USt alternatives to Chromium Plating
= mclude Nickel and/or Cobalt Alloy Coatings

e Many alternatives to chromates include
Cobalt in addition to trivalent chromium




. Hazardous Material -
VS, azardous'?mcess e‘r’spectlve
> r\LJrn]g”' ©...hazardous process produces
ponlazardous material...pure aluminum

B (“nr mm Plating...hazardous process produces
Bnhazardous material.. .pure chromium

.-}__

‘;omate .nazardous process produces
hazardous material

"o Cadmium....hazardous process produces
hazardous material

—
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r\,Jer‘ and Tooling
— r“r]f“L)fl‘s es
= r\JFe natic Covers
f Eﬁtliatlon System Design
—Ffllnlmlze Mist with Agitation Design
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= _3' il Prevention & Control — Asset Management
- & Preventative Maintenance

o PPE
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fated Spill Prevention/Co
CorrosiontiManagement
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ihiegrated Spill Prevention/Contro
soIfesion Management .
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injtegrated Spill Prevention/Controland s
SOIesIoN Management -—
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Resource

SNASE Online Data Library
— wwjv'?' asf.org
2 ASIEIS efense (HCAT/JCAT)

—?_\ S

== _——w w hcat. org
=~ — www.materialoptions.com
"“’f" " — www.asetsdefense.org
- — www.hazmat-alternatives.com

__1._‘-‘
— ’é:.g_’.’

—
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http://www.nasf.org/
http://www.hcat.org/
http://www.materialoptions.com/
http://www.asetsdefense.org/
http://www.hazmat-alternatives.com/
http://www.hazmat-alternatives.com/
http://www.hazmat-alternatives.com/

