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About MillenniTEK

 Founded 2010, currently 45 employees

e Based in Knoxville, Tennessee

 NQA-1 guality system

e Tier 1 Supplier for Safety Related Nuclear Components
* MillenniTEK products are currently in many worldwide
reactors, with tens of millions delivered

PRODUCTS

B

Neutron absorbers and other products made
from boron carbide and other advanced
borides and carbides

Solid or thin wall annular configurations
Density range from 65% to >99%
Natural & Enriched

Machined to exacting specifications



MillenniTEK Commercial Products
and Pre-Commercial Products

Commercial

Pre-
Commercial

 B,C based burnable neutron absorbers
e Commercial PWRs

e Alumina spacers for nuclear start-up
sources

e SiC components
e Erbia/Yttria coatings for uranium casting

e Neutron and gamma shielding

e Microreactor/SMR prototype
components

e 10B specialty ceramic powders
e Hard boride-based tooling and bearings
e SOFC tubular cells

SOFC tube and 250W bundle (Army)



R&D Laboratories

e Advanced Ceramic
Processing Lab

e High Temp
Atmosphere and
Vacuum Furnaces

e SEM/EDS
e XRD
e Laser Particle Size

e Optical Microscopy

Mechanical Testing



Phase 2 Project Scope (24-months) 8/28/23 to 8/27/25

Task 1 - Optimize and Scale-Up
Manufacturing

e Synthesis optimization
e Jet milling development

e Nuclear purity analyses and
refinement

Task 2 - Densified B,C
Manufacturing Scale-up &
Optimization

Graphite tooling design, based on
customer target microreactor
components

Variation of the temperature and
pressure ramp rates, dwell times,
and cooling profiles between both
hot pressing and SPS processes
Microstructural analysis of billet
samples to correlate density to
powder and processing conditions
Neutronic modeling in support of
customer (s)

Deliverables

e Progress Reports
e Final Report

e Enriched B4C Microreactor
Prototype to Customer

Task 3 - Microreactor Customer
Component Completion and
Property Testing

Graphite tooling manufacturing

SPS or hot-pressing to required
density

Diamond grinding of all surfaces
to required dimensions and
tolerances

Chemical analysis

Destructive mechanical and/or
other property testing as
specified by customer of
component(s)

Certification of components
under NQA-1




Phase 2 Project Schedule

24-Month Project Schedule
TASK Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8
Task 1 - Optimize and Scale-Up Manufacturing

Synthesis Development
Jet Milling Trials
Extensive Pilot-Scale Characterizations

Milestone: 9B enriched B,C produced meeting nuclear specifications after jet milling .

Task 2 — Densified B,C Component Manufacturing Scale-up & Optimization
Scale-up of SPS Billet Size
Scale-up of Hot-Pressing Billet Size

Milestone — MillenniTEK successfully installed/operated 200-ton Hot Press v

Milestone — Down-selection of optimized billets for final property characterizations o

Task 3 - Microreactor Customer Component Completion and Property Testing

Component geometries identified & designed for manufacturing for customers/teaming partners

Manufacturing

Property Testing/Certifications

Customer Case Study/Process Qualification Activities

Milestone — At least one actual-scale microreactor B,C component delivered to customer for
testing/qualification activities

Reporting

Progress Reports 4 XX XX

Final Report X




Task 1

e Successfully scaled to
kilogram quantities

e Phase purity and chemical
composition successfully
meet typical nuclear quality
requirements



Jet Milling Development

Challenges:
* Wear liner and jet nozzle

materials lead to impurities
e Oxygen pickup

0.5 kg/hr. jet mill at Millennitek




Hot-Pressing Scale-Up

* Millennitek cost-share commitment to purchase
e Commissioned 2/26/2024
e 200T, 2200 °C capability

 Completed 3 cycles last week, successfully producing natural
enrichment B,C neutron absorber prototypes



Spark Plasma Sintering Development

* Working with Thermal Technology (Minden, NV)
e Phase 1 utilized DCS 25

e Phase 2 utilizing DCS 200

e Evaluating cored mold designs as well as thick, high aspect-ratio
geometries



SPS Results

SPS B,C disks from lowest density produced, left, to
highest density, right.

SEM micrographs of the four SPS B,C trials showing
increased density from left to right in 100x, 500x,
and 1000x magnification (top to bottom).




SUMMARY OF PHASE 2 SBIR CONTRACT

* Just completed 2" Quarter and successfully meeting milestones

e Significant investment completed at Millennitek for scaling up hot
pressing of enriched neutron absorbers

* Manufacturing process standup of enriched B,C components including
complex geometry forming have been successful

e Seeking to determine if SPS can further reduce costs

e Progressing rapidly with several customers, with first deliveries of
enriched B,C neutron absorbers anticipated in Summer 2024, and
significant commercial sales by end of 2024



Related Work



NASA SBIR Phase 2: Tungsten Tetraboride (WB,)
Integral Shielding

FISSION SURFACE POWER (NASA/DOE)

e Integral Gamma &
Neutron Shielding
Material

Image credit: NASA

e Low density
e Stable to 2000 °C

* >50% dose reduction
of current NASA shield
design (LiH/DU) at
same mass

e Patent Issued June
2022

Image credit: NASA



DOE SBIR Phase 2: Tungsten Tetraboride
(WB,) Hard Tooling

e Reduction of Tungsten
& Cobalt Strategic
Materials

78% less Tungsten, and 0% Cobalt for WB, Tooling

 WB, cemented with
other metals to form
superhard cermet

e Lower density/cost
6.5 g/cc for WB,
(14.2 g/cc for Co-WC)

* >60% harder than Co- 4/
WC

e Patent Pending

Image credit: Dura-Metal






Commercialization
Activities

e Working with many of the micro- and small-modular reactor companies

e Have successfully produced and delivered prototype natural enrichment, nuclear-grade hot-
pressed B,C components such as solid cylinders, cored hexagons, annular cylinders, and other
geometries to customers

e Contributing to Design for Manufacturing for neutron absorbers/shielding with several
microreactor developers

 Anticipate first significant commercial sales of enriched B,C neutron absorbers by late 2024

* Presenting and exhibiting at tradeshows

e Come see us next at NETS 2024 in Sante Fe, NM and the Nuclear Opportunities
Workshop 2024 in Knoxville, TN
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