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Introduction and Motivation (1) erc@a

Crucibles serve as primary containment for melting alloys prior to casting
* Provide clean melts

» Withstand high temperatures
» Repeated heating cycles
* No interactions with reactive alloys

Often crucibles operate near thermal and mechanical limits

Property Zirconia

Max temperature Very high (1800-2200 °C)
Thermal shock resistance Medium

Chemical inertness Very good — Excellent
Sustainability Multi-use option
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Introduction and Motivation (2) er C@a

« Raw material availability

» Cost of material and shipping
‘ » Geopolitical impacts

Process Flow Chart for Zirconia Crucibles

Raw . .
material Batch.lr.lg Fabrication Dryl-n_g e
: and mixing firing
processing
J\
|

Quick Modification Capital Intense Modification

* New raw material suppliers
» Warehousing

* Need for additional processing
(crushing, sieving, screening)
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Zirconia Material Background (1) ZlfC@a

Typical Crystall Structures of Zirconium Oxide - Zirconia

Monoclinic Tetragonal Cubic

Cc

Zr4*

~1,170 °C ~2,370 °C
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Zirconia Material Background (2) ZlfC@a

Magnesia — MgO
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Market Dynamics and Challenges ZlfC@a

Evolving Industry Supply Chain

Demands Drivers
( . h . \ ( \
Higher operating Geopolitical risks affecting raw
temperatures for novel alloy :
- materials
compositions
. J \_ J
( ) ( N\
Greater purity requirements Availability and stability of
to reduce contamination refractory oxides
\_ J \_ J
( . ) e A
Equiaxed vs. o
o Cost sensitivity in a
Directional vs. competitive environment
Single Crystal N J
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===) Project Objectives

Raw material source: Cost:
me=) - Domestic m==) - Ballpark to actual composition
=) - Western - Significant mark-up
- Global
Performance: Qualification:
m==) - Like existing composition ) - Limited if legacy specification is maintained
- Universal premium - Extended if new specification is developed

- Premium by application

Urgency
Timeline
R&D resources
High probability of success
Customer acceptance
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Development Approach (2) erc@a

Full Analysis of Crucible Applications Properties that matter:
Furnaces: - Chemistry
- Vacuum induction melting - Density
- Open air melting (roll-overs) - Porosity

- Monoclinic content
Alloys: - C-and H-MOR
- Nickel based superalloys melting - Hardness
- Cobalt based superalloys melting - Thermal expansion

- Erosion resistance
Melting Process: - Inertness

- Continuous melting in a high-volume casting process
- Discontinuous or low-volume casting process

Casting Process:

- Equiaxed Solidification

- Directional Solidification

- Single Crystal Solidification




Development Approach (3)

Zircca

Shaping the workflow for trials

Evaluate mixes
Press disks, bars, crucibles
Firing

In-house tests:
Density, Porosity, Chemistry,
C-MOR, Microstructure

Outside tests:
H-MOR, Sessile drop
Contact with melt

Field-tests
Various groups of customers

Formulating

and batching

Alpha

testing

Beta
testing

3 Months

2 Months

2 Months

4-6 Months
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RM Evaluation - Baseline vs. Various Raw Material Suppliers (1) z,rcga
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RM Evaluation - Baseline vs. Various Raw Material Suppliers (2) z,rc@a

Microstructure
Disk, fired
100x mag.



RM Evaluation - Baseline vs. RM-1 Variants

Zircda

Disk Green Density

Disk Fired Density
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RM Evaluation — Roughness Data ZlfC@a

Bar Sample Roughness

0.18 ‘
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’S‘ 045 .
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011 Measured with Optical
' Interferometry -
01
0.08
RM-1A RM-3B RM-3A RM 1F Basdine RM-4
Smoother surface Coarser su.rface | |
+ Less slag and melt stick to the surface + Less interactions with melt
- Closer contact to melt and - Particles break off and

more interaction contaminate the melt
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Field Trials (1) Ziffé?a

S-2686-8.0 equivalent

- OD 100 mm

- ID 85 mm

- H 200 mm

- Round bottom

- MgO PSZ development composition

22 Ibs / 10 kg of Ni based superalloy
1860 °C peak temperature
Vacuum induction melting

Analysis after 40 melts
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Postmortem Analysis from Field-Trials (2) ZII' c&a

1 — Lip area (pour path)
n\ . | 2 - Side wall
N § 3 — Knuckle
N | N 4-Meltline
\ 5 — Bottom
\ |
| Q
N | N
N .
\ S Postmortem analysis is used
[ IS, A— N  indevelopment work, but it is
) also a widely used service
tool for qualifying failure
modes in daily operations
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Postmortem Analysis from Field-Trials (3) ZII' c&a

Surface integrity maintained Slightly higher porosity
Microstructure tightly bonded No crack formation
No alloy infiltration No alloy infiltration
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Conclusions and Outlook erc@a

« Material Integrity: New raw material sources met or exceeded baseline properties

* Process Stability: New compositions are compatible with existing manufacturing route
* Field Prove: Postmortem analysis confirms microstructural stability

« Supply Resilience: Validated sources reduce geopolitical risk

« Expansion of Field-Trials: Moving from “Alpha" testing to “Beta” tests in Q3/Q4 2026

« Zircoa’s Commitment: Continuing to decouple high-performance ceramics from
single-source raw material dependencies

Develop premium compositions for high-demanding applications
with high-quality requirements
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