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TCHP technology

Expertise in the encapsulation of hard particles

Examples

Proprietary, patented TCHP Technology Tough Current hard core particles

Precision encapsulation of a hard core particle with a tough and

T - Aluminum Oxide [Al,O;]

+  Titanium Carbo-Nitride
[Ti(C,N)]

»  Silicon Carbide [SiC]

*  Cubic Boron Nitride [cBN]

Di d

EternAloy® products are produced using a patented
technology known as TCHP (Tough Coated Hard Powder).

TCHP enables the precision encapsulation of extremely small
hard particles with a tough protective shell and a very thin
and strong binde

This game-cha
class of powdert¢
hardness, toug 3
temperature ran# C the re Particles

| L o +  Titanium Diboride [TiB,]
»  Silicon Nitride [SizN,]
Zirconium Dioxide [ZrO,]

EternAloy utilizes a flexible, proprietary, globally=Patented
powdered metal processing technology to carefully coat 2 to

50 micron-sized hard core articles of any shape with 50 to
500 nanometer-

Customized co

specific require

Coating options

Note:

*  more than 30 other
particles included in
patent

Tough

uniform shell protects particles during heating and delivers ineee Coating
extreme wear resistance performance in sintered solid body or :
surface coating applications.

Al,0,-WC-Co
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Customer Benefits

Unique Selling Propositions (USP) of TCHP metal powder and finished products for high-value applications
A unique combination of hardness and toughness leading to:
» Extreme wear resistance

 |Increased du

Property of

Customer benefits

» Erosion prot

* Heat resista

* |ncreased lo

o Red machine
o Exte
o Incr

*  More efficient use of labor

Reduction of operating costs & increased productivity
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TCHP-production concept (simplified)

Produced at EternAloy facility using proprietary equipment designs

Raw material - Core Particle Step 1 - Coating Step 2 — Coating Final Product Applications
Size range from 2 to over 50 um Custom coating Custom coating
thicknesses thicknesses

From 50 to 500nm From 50 to 500nm

Wear resistant core particles (e.g. + tungsten carbide + cobalt, nickel or = TCHP powders Sintering or
cBN, Ti(C,N), Al,Os, ... (WC) coating other coating consolidation
&5’0
S ."_ ®

Hardness component Toughness Outer coating for

o} inalMwder

Numerous suppli suppli merous customers
(IrnAloy

Applications Pow
TCHP powders can be sintered into solid shapes in conventional Sizes of the “core” particles in EternAloy® TCHPs range from 2 ym
sintering furnaces commonly used to sinter industrial tungsten (e.g., Al,Og, or Ti(C,N)) to 50 um (e.g., SiC). The core particles are
carbide (WC) powders. Methods for sintering TCHP include coated atom-by-atom with, for example, an intermediate
sinterHIP, vacuum HIP, and spark plasma sintering. encapsulating layer of WC and an outer encapsulating nanolayer of

Co binder. When sintered or applied using thermal spray methods,
the tough outer layers chemically bond in the sintered article or
deposited coating, combining high strength, heat resistance, and
toughness of cemented carbides with the chemical and abrasion
wear resistance of the harder core particles.

_EternAloy’



TCHP-production: cBN core encapsulated with WC

Example images of uncoated particles and WC-coated particles

TCHP cBN-Superhard Material

Uncoated cBN Particles

- T o

WC-Coated cBN Particles

Cross-section

Image of raw Uncllliasaiato 1 i ' .
cBN Particles [ oating technology g . Each particle

is uniformly encapsulated with WC. The
internal black areas are cBN particles.
The light gray areas are the WC coating.

5000X SEM Magnification
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Revolution in powder metallurgy: Tough-Coated Hard Powder (TCHP Products)

Overcoming conventional materials’ trade-off between Hardness and Toughness

® -
+ The EternAloy® TCHP technology allows for E’rernAon Hardness /Toughness Comparlson:

the development of novel composite materials
with unique hardness and toughness
combinations.

* The combined hardness and t
EternAloy® TCHP creates an i o
many high-value, extreme we nc
applications.

Toughness, K;. (MPavm)
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Products

Metal Cutting

* Turning and Threadi
finished)
* Rod Blanks
» Single Point Tools
» Finished Drills/End Mills
* Tips
* Disks (40mm Diamet

Metal Cutting

« HNT Carbide
» HNT CarbideMax

Wire Drawing Dies
» Sizes available upon request

» Toll service development opportunities

Products Under Development

ered
Hitive

D (|nclud|ng Diamond)
fa

u
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EternAloy Corporation

Product Patents Plant & Equipment Overview
» Over 30 core particle types are covered under patent » Headquarters and Plant (32,000 ft?), located in North Huntingdon, PA, USA
» Over 50 patents in place in more than 30 countries + All production equipment is uniquely designed with very tight tolerances to meet precise TCHP

around the world production requirements

* More than 25 additional paten

+ Unique equipment is designed
using EternAloy in-house expe

ET

EternAloy® is uniquely positioned as the only developer and producer of nano-scale Tough-Coated Hard Powder (TCHP)

(EternAloy 8



Metal Cutting

Products
* Turning and Threading Inserts (blanks and finished)

* Rod Blanks

=

+ Single Point Tools End Mills

Threading Inse

OF <

* Finished Drills/End Mills

* Disks (40mm Diameter), various tlnesses

Rods

_EternAloy’
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Technical Differentiators of TCHP

» Uniform distribution of hard particles in sintered (solid body) microstructure

» Overcome the inherent statistical limitations of mixing or blending powders and
permits improved homogeneity in sintered microstructure

» TCHP offers high uniformity of Co binder distribution

» Encapsulation protects particles fr durj

* Unique design inherently enables
deflected by, into and around “cor artlcles ati

Microstructure at 500X Microstructure at 5000x

Crack intentionally introduced

= @‘ '
’\i’

Tough |
Inner Coating |
H} ‘B

TCHP Particle at 15000x

_EternAloy’
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Metal Cutting

EternAloy’s Patented Co-Sintering Technology
* An indispensable and highly valuable add-on to the TCHP patents and is proving key to commercialization of EternAloy’s TCHP metal powder grades.
» Reduction of TCHP powder needed for applications — creates compelling value proposition for user.

» Opening the door to new target markets and applications.

Example appl

Solid Bla

EternAloy’s proven and patented co-sintering of TCHP with WC-Co enables a method for the EternAloy

E:mp ert
ETERN/

WC Co

TCHP to be able to achieve a value proposition in industrial cutting tools

(EternAloy’



Metal Cutting

Turning Studies

EternAloy Grades HNT Carbide and HNT CarbideMax

» Provide up to 4X longer tool life in general purpose machining Rc 18 to Rc 60

and 316SS HRA69

» “Tips” can be brazed onto tungsten carbide blanks (i.e. turning inserts, single

point tools, drills, etc.)

« HNT Carbide can be co-sintered i
powder and conventional press a

» HNT CarbideMax co-sintering cap®

anticipated.

EternAloy® HNT Performance Advantage in Turning
Compared to Market Leading Fine Grain WC-10Co Inserts

PTrop
ETERN

rovement (
ecommended Speeds and Fee

ty of
\LOY

Steel Hardness HRC

A HNT Carbide @ HNT CarbideMax

60

_EternAloy’
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Metal Cutting Inserts

Turning Studies

EternAloy Insert Turning Performance

HNT Carbide
» EternAloy® HNT Carbide and HNT
CarbideMax provide increased tool life and HNT Carbide v. WC-Co, PVD Coated CNMG432 Turning Inserts
higher productivity when compared to market HNT Carbide shows a
leading tungsten carbide cutting tools. X life i ¢ .
HNT Carbide 2 ife ir::rovemen HNT Carbide
~10,000 Surface Feet
Workpiece Mat 6SS, HRA69
I ' S pee min -
0 r 0 0 4,000 000 ,000 14,000 16,000
face Feet WC-Co
~7,600 Surface Feet

T CarbideMax
pws a 3X life

HNT Carbide Max provement vs.
WcC-Co

Workpiece Material = 4340 Steel, HRC48

Cutting Speed = 120 m/min
WC-Co _ Feed Rate = 0.08mm/rev

Depth of Cut =0.76mm

0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000
Surface Feet

~5,000 Surffice Feet

(EternAloy’



Metal Cutting Inserts

Turning Studies

HNT v. WC-Co, PVD Coated CNGA432 Turning Inserts: Results in 1144 Steel, HRC18

Cutting Speed = 180 m/min (590 sfm)

Measured Flank Wear, inches

0.024

0.022

0.020

0.018

0.016

0.014

0.012

0.010

0.008

0.006

0.004

0.002

0.000

=]
o
)
(==}
—

20000

30000
40000

35,500

50000

60000

70000
80000

Surface Feet

Workpiece Material = 1144 Steel, HRC18

Cutting Speed = 180 m/min
Feed Rate = 0.08mm/rev

2X Increase

100000
110000
120000

141,000

130000
140000

Cut =0.76mm

4X Increase

150000

—4— WC-10Co w/nACRo
—@— HNT CarbideMax w/nACRo

LO

HNT arbideMax

61,042

HNT arbide

61,076

Corner After Machining,
Linear Surface Feet Cut

_EternAloy’
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Metal Cutting Inserts

Turning Studies

HNT v. WC-Co, PVD Coated CNGA432 Turning Inserts: Results in 4140 Steel, HRC32
Cutting Speed = 140 m/min (459 sfm)

Measured Flank Wear, inches

0.024

0.022

0.020

0.018

0.016

0.014

0.012

0.010

0.008

0.006

0.004

0.002

0.000

0 5000 10040

15000

10,500

2X Increase

20000
Surface Feet

25000

Dept

3X Increase

™ «

30000 35000

27,000 31,250

Workpiece Material = 4140 Steel, HRC32
Cutting Speed = 140 m/min
Feed Rate = 0.08mm/rev

Cut=0.76mm

ALO

40000

—&— WC-10Co, w/nACRo
—@— HNT CarbideMax w/nACRo

HNT CarbideMax

15,759

HNT Carbide

15,769

Corner After Machining,
Linear Surface Feet Cut

_EternAloy’
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Metal Cutting Inserts

Turning Studies

HNT v. WC-Co, PVD Coated CNGA432 Turning Inserts: Results in 4140 Steel, HRC40
Cutting Speed = 140 m/min (459 sfm)

Measured Flank Wear, inches

0.024

0.022

0.020

0.018

0.016

0.014

0.012

0.010

0.008

0.006

0.004

0.002

0.000

0 2000 4000 6000

8000

8,200

10000 12000

Surface Feet

Workpiece Material = 4140 Steel, HRC40
Cutting Speed = 140 m/min

Feed Rate = 0.08mm/rev

Cut=0.76mm

2X Increase

e

14000 16000 18000

Dept

g

20000

13,300 19,300

ALO

2.4X Increase

22000

—#— \W(C-10Co, w/nACRo

—8— HNT CarbideMax w/nACRo

HNT Cgide
14,100
Corner After Machining,
Linear Surface Feet Cut
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Metal Cutting

End Milling Studies

High Speed Profiling of H13 Tool Steel Tool Life Comparison
» Exceptional hardness and toughness
» Outstanding edge wear resistance

« Enhanced thermal conductivity

Performance Benefits

» Greater productivity

» Higher metal removal rates

* Increased feed rates
 Significant economic savings

Recommended Applications
» High carbon and tool steels
» High-speed profiling

High Performance
WC-Co EternAloy
HNT Carbide

nAloy HNT Carbide
delivers

life improvement

over high-performance
carbide end mills.

O T T T 1

0 1000 2000 3000 4000
Cutting Length (inches)

_EternAloy’
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End Mill Wear Testing EternAloy HNT Carbide v. H10F Carbide
AITiN Coated, 7-Flute, 4“"D End Mill Wear Testing
(Average measured wear of 7 Flutes)

0.0140
Workpiece Material = 4140 Steel, HRC32 Radial Engagement = 0.015in
Spindle Speed = 5000 rpm Feed Speed: 62 ipm

0.0120 Cutting Speed =327 sfpm Feed per Tooth: 0.0018 ipr
Depth of Cut =0.25in Standard Cooling

0.0100

" Property of -
I INALODOY

o o
o o
o o
£ o)
o o

Flute Wear (Average of 7 Flutes, inches)

0.0000
0 400 800 1200 1600 2000 2400 2800 3200 3600 4000 4400
1,100 Linear Surface Feet Removed
4,200
—4—H10F Carbide 7-Flute End Mill —&—EternAloy HNT Carbide 7-Flute End Mill
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Metal Cutting

Erosion Studies

EternAloy HNT Superhard Materials

* Initial testing demonstrates that HNT Superhard materials offer far superior 700
performance than existing superhard materials for cutting tool, mining, and
drilling applications.

Prod D

\

Leading Competitor
Carbide Grades
Currently In Market

Prod A

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
Erosion Rate

(EternAloy 19



OFEternAloy TCHP Technology Summary

High-Value Flexibility Offered by EternAloy TCHP Technology

» EternAloy’s patented encapsulation process can be applied to a wide variety of core particles — for

example alumina, Ti(C,N), silicon carbide, cBN, diamond, etc.
i uter layers
ness - propagating

asily varied to adjust volume pr ions of core particle
 TCHP’s uniqudmesign ghe n @ rﬁw inc ed m

cracks are deflected by, into and arojmd the “core” particles

« TCHP compos

ne

« TCHP can be consolidated by numerous techniques, including sintering and spark plasma sintering

ETIEURNA Lives @
t no reecC icl re N

¥ring om@onsolidation
These performance characteristics allow for superior performance in the Cutting Tool Industry
where abrasive wear mechanisms dominate.

 TCHP material di t applications

« TCHP encaps

_EternAloy’ 20



OFEternAloy Metal Cutting Applications

Metal Cutting

EternAloy milling and turning tools operate up to 4 times longer when compared to
popular tungsten carbide cutting tools.

ieneral purpose to highfiency machining in steels and

loy materials;

: Ia S with WC-Co
= zedgnto WC-Co or other
raze compatible materials

Applications range from
taiglags steg

a :

- L
F 3
. a7 [y
R,

W, R W

- *

V4 Y,

g Et
Y A
: .

End Mills

Threading Inserts

‘ L] L] L]
Turning Inserts & > Can be ground on existing carbide tool
% grinding machines
R - ]
ods v 43¢ Tips

(EternAloy’ 21
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Contact details

Prope
ETER

General Inquiries
+1 (724) 864-4787
Sales@eternaloy.us

Website
www.EternAloy.us

Address
509 Hahntown Wendel Road
North Huntingdon, PA 15642

Company Presentation 2024 5EternAloy°
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