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Kinetic Metallization

3 [mpact Consolidation Process
» Feed-stock: fine powder

» Accelerant: inert light gas

» Solid-state Consolidation
2 No Bulk Melting

P No Liguid Chemicals

3 Environmentally Innocuous

3 No Particle or Hazardous Gas Emission




KM-CDS

Eirst KM-CDS Shipped!!
Buyer: US Naval Academy
Located: NAVSEA-Carderock

® Coating
Development
System

® Desk sized

® Production unit

® Same footprint

® Remove spray
enclosure




Critical
Components I

3 Powder Fluidizing Unit —PEU

® Closed-loop mass-loss control

3 Thermal Conditioning Unit
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3 Compe atible verm
ny ropot = .

3 5-pin connector
Provides
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S0, how does it
work?




Particle Velocity!

3 KE = 1/2 » mass » Particle Velocity?
BKE @

» Deposition Efficiency (Cost)
®» Deposition Density (Quality)
®

3 Particle velocity
® f(gas velocity X gas density)




Nozzle Design

®Nozzle Anatomy

3 EXit duct design

dlncreasing Area

B SUpersonic
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®» Constant Area

® Eriction Compensates

D Sonic
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KM Sonic Nozzle

Constant Area Nozzle modified to compensate o flew fifiction
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Supersonic Nozzle

3,000 I 500
Gas Velocity J
=
1,000~ 100
Particle Velocity.

500 50
= =
= =
e c
@ i D
> Gas Density 0




Sonic vs. Supersonic

GasiDansitycrelative
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Why Not Alr?

Nozzle Supersonic | Supersonic | Supersonic Sonic
Accelerant Alr N 5 He He
Max Particle 330 960 960 X AT

Velocity, m/s

Heat Input, W 8,000 3,000 25,000 2,500

Explosmn/Flr Ti, Nb, Hf, Zr, = —

Hazard =




Nozzle /Accelerant

Nozzle Supersonic | Supersonic Stlgpeecr;é)lgic Sonic Rse?:?/iccie
Accelerant N2 He He He He
E;iessure’ 500 500 500 50 50
Flow, SCFM 26.5 75 75 7.5 7.5
post, $/SCF 0.04 0.10 0.03 0.10 0.02
Cost, $/min 1.06 7.50 2.25 0.75 0.16
Cost, $/lb 9 150 32 15 3
Capital, $ — — 1,000,000 — 50,000
Recycle, % — — 98 — 90

1/6" TFhreat




Cost Summary

160
¥ Recycled KM Is the —
lowest cost =
SS He, Reycl
3 Once through KM 4 e
is lower cost than =
recycled SS He =

$/1b




KM Examples

3 Cu-Cr on Cu alloy (Narloy Z)
3 Npb on Cu alloy (GRCOP 84)
3 Al-SIC MMC on metal foam
3 NICrAlY on Waspalloy
®Tion T

3 AlTrans on Steel

3WC-Co on 4340




Rocket Nozzle

3Cu 21% Cr Qs?éynr]]p%mise

D Oxidation resistant

Cu on Cu 10mm thick

® High thermal conductivity

3 High strength/ductility

O Yield :
B Ultimate | B
O Elong.

p— =



Nb on Cu Alloy

3 Allows bonding
»Cu to Al

D Diffusion barrier
2Cu/ Al

®» Prevents formation |

D of Intermetallics

> Provides

®» Hermetic seal
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The KM Alternative

KM NiCrAlY. HVOFE CoNICrAlY
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— = Coating Substrate Porosit Adhesion
Composition Material y Strength

KM N"1§(;$6A" Cu-8Cr-4Nb 5.3% >10.5 ksi (1)

HVOF Co-Ni-Cr-Al-Y |  Waspaloy 5.4% ~10ksi (2)

(@) Eariure mepoxy/ (Sehastian stud-pull test per ASTM € 633)
(2) Eanlure micoating (1.0 dia. epexied leading fixture per ASTM C 633)




Rocket Nozzle Jacket

KM Al-SiC MMC 6061 AI-50%SiC

» Applied to porous metal
feams

S Vo top
3 S|C boettom

» Seals
® Provides Strength
®»Matches CTE




T1 Powaer
Development

Application: Al Erame Repair




Cd Replacement

D Al-Trans™ mixture

3 Aluminum

3 Jransition metal

3 Adhesion to

3 Substrate: ASTM B571

B Paint: ASTV D2794; 120 ft-1b

Steel substrate

® Corrosion

BASTVIBL17, 500 hrs




KM Al-Trans™ vys ED Cd

Shared KM Al-Trans ED Cd
Attributes Superior Superior
Cor_rosmn No H2 bake cycle Threaded
resistance fasteners
Paint adhesion B8 Begarcous Lubricity

waste stream

Sacrificial

May be applied
thicker

Oxide volume =
metal volume




4340

KM Alternative
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o | Grit Pre- Process
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KM WC-Co

Eliminates Enhanced
Grit Blast Fatigue resistance
Preheat Throughput
Process cooling Simplicity
Cool-down Throughput
Heat distortion Usability
Masking Throughput
Sharp transitions —atigue resistance
Porosity Ductility
Oxide inclusions Ductility, corrosion resistance

Explosive Gases

Safety




KM Particle

Hight H 0.2 H
Volume V V

Area A 3.34 A

Strain perpendicular — -80%

Strain parallel — 334%

Impact Velocity 1 km/s

Shear Velocity 4.2 km/s




PEWG
Review

® Endorsed by OC-AL
and DoD JPCC

® Assess and verify KM for

® Repailr and manufacturing
GITE components

® Reguest AF Materiel
Command, FY05
environmental funding



