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Project Overview

Scale-up Science Technologies for Advanced Fiber Manufacturing

Mission: AMMTO advance energy-related materials and manufacturing technologies to increase domestic competitiveness and build a clean,
decarbonized economy.

ORNL’s Carbon Fiber Technology Facility (CFTF) Ecosystem provides access to industry, academia, universities and other stakeholders to
co-develop scale-up advanced fiber manufacturing technologies and best practices from precursor-to-part aiding in the acceleration &
adoption of innovative advanced fibers materials (including its composite components) and manufacturing technologies in support of a U.S.
supply chain of cost/energy efficient clean energy technologies, decarbonized economy.

FACT SHEET: Securing America’s
Critical Supply Chains

Energy, Emissions, & Environment:
CFTF is a critical and necessary enabling advanced

fibers technology for the U.S. to achieve its ambitious
national energy & decarbonization goals.

Cost & Competitiveness:
CFTF is a national asset and North America’s only open-

access advanced fiber research and development scale-up
(R&D) facility with unmatched capabilities.

U.S. DEPARTMENT OF ENERGY

Technical & Scientific:

Advanced fiber manufacturing technology system
approach requires full integration of diverse disciplines
in materials, modeling, controls, systems, and data
science, including partnerships across the supply chain
(Consortium). The CFTF Ecosystem allow for
seamless technology transfer and accelerating the
fruition of manufacturing technology developments
maximizing the impact on US economy.
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Impacts:
 Development of cost & energy efficient scale-up science

and technologies for fiber manufacturing in high volume
applications.
* Bridge between R & D proof-of-concept to demonstration,
deployment and validation of advanced fiber technologies.
 Enable development of domestic competitive commercial
sources of advanced fibers
* Formulate a Workforce
 Development program for e
« advanced fiber workforce pm




Project Outline

Innovation: Scale-up Science Technologies for Advanced Fiber Manufacturing
Project Lead: Merlin Theodore

Project Partners: Over 90 industrial partners, 14 universities, 12 national laboratories
Timeline: Oct 1, 2013 — present |

Budget: $5M annually E 25 4

TONS ANNUAL LICENSED
\\ CAPACITY OF TECHNOLOGIES

CARBON
FY21 Costs FY22 FY23 Total Planned . T:‘; FIBER 14
Costs Costs Funding gre o

DOE Funded $15M Tongaum INgJS1TRY

CAPACITY OF PARTNERS
Project Cost Share $123K $231K $0K $354K reane 3 271+

J
IACMI (Consortia) $74K $69K $0 $143K ‘ T
IACMI costs $42K $69K $0 $111K NA!I(%AL
!—, LABORATORIES

End Project Goal: Develop and advance scale-up science and technologies for advanced fiber manufacturing
from the research and development stage to validation and deployment, enabling domestic commercial sources of these
technologies thus enhancing U.S competitiveness in advance fiber manufacturing.
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Background - Why Advanced Fibers (Carbon Fibers)?

Carbon fiber (CF) and its composites are
recognized “critical materials” and as clean
energy technologies due to their positions Oulgelel§ il IIg N eI a[ee N lelsg I (oelVIg - Transportation — utilize the benefits of
as enabling materials in many diverse energy future and national security. lightweight components enabled by advanced
applications with a strong relevance to fiber materials for one quarter of the U.S. fleet
energy use and essential for DOE vehicle types/classes which could save more
initiatives because of the potential life Development of Global Demand for Carbon Fiber than 5 billion gallons of fuel annually by 2030.
cycle energy savings.

No Investment in Advanced Fibers R&D Impact:

https://www.energy.gov/eere/vehicles/lightweight-and-propulsion-materials

- Wind Energy —shortages of
fundamental commodity

Challenges

Pivotal Challenge is “COST” { price risks could disrupt supply chain
- Energy intensive process _ - |"| . HHI | activities, erode U.S. competitiveness, and
~ Insufficient U.S. owned production e e . DT jeopardize deployment ambitions.

Capac I ty - 95% Of Carbo n F I be r are N S R S T s - o https://www.energy.govi/sites/default/files/2022-02/Wind%20Supply%20Chain%20Report%20%20Final %202.25.22.pdf

about 1/3 about 40%  about 60% more than 80%

internationally owned : - Pressure Vessels —roadblock in strides towards
) www.carbonfibrefutures.com.au/wp-content/uploads/20017/03/20170301-CF- ) - ) )
- Technology scaling Futures-Deakin-2017-Pichler-v4.pdf sustainability (decarbonization) enabled by
~ Process Validation - *Total market in 2022 (PAN-based CF): advanced fiber materials in transport on land
|nC0nSiStent quality Of raW materials ~134’OOO MT and air. https://www.energy.gov/eere/fuelcells/articles/hydrogen-storage-fact-sheet
ssssssssssss - Future Market by 2032 (Pan-based CF): | Ak el A A
s Sup ~300,000 MT elements to the electri |cat|9n of the .r.lvetraln,
*Daniel Pichler Services LLC for ORNL CFTF April 2023 developments and acceleratlon Of “Crltlcal ﬁber
materials” for the Hypersonic supply chain,

FACT SHEET: Securing America’s Critical Supply Chains - The White House teCh no I Ogy, and N ati Onal SeCUrlty
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https://www.whitehouse.gov/briefing-room/statements-releases/2021/02/24/fact-sheet-securing-americas-critical-supply-chains/
http://www.carbonfibrefutures.com.au/wp-content/uploads/20017/03/20170301-CF-Futures-Deakin-2017-Pichler-v4.pdf
http://www.carbonfibrefutures.com.au/wp-content/uploads/20017/03/20170301-CF-Futures-Deakin-2017-Pichler-v4.pdf
https://www.energy.gov/eere/vehicles/materials-high-efficiency-combustion-engines
https://www.energy.gov/eere/vehicles/materials-high-efficiency-combustion-engines
https://www.energy.gov/eere/vehicles/materials-high-efficiency-combustion-engines
https://www.energy.gov/eere/vehicles/materials-high-efficiency-combustion-engines
https://www.energy.gov/eere/vehicles/lightweight-and-propulsion-materials

Strategic Approach - Multi-scale Integrated Precursor-to-Part Approach

Identify high potential, ||ng f | n
low-cost alternative sca o Sc ence
precursors
Multi-scale approach to - Capacity at each Scale

- 0 uliti- . .
reduce the uncertainties scale T » 25 ton/yr Readmegs levlel_ .
associated with scaling & R&D *1-2tows * 1-5"ows * 24 S0 (hanc-off o industry

Approach * 20k — 80k * 5k -80k * 3k — 80k partner)

develop optimal
mechanical properties of

. - =Recycling. - —
resultant carbon fiber from 4

mm — — v
ra

Material Pilot Scale Scale-up Carbon FibeJ & Carbon Fiber Market
Identification Fiber Fiber Intermediate Compuosite Performance |
& Evaluation

Utilize the data analytic

framework developed for
CF manufacturing

Evaluation Evaluation

Provide quantities to
industrial partners for
testing based on DOE
approval

Address feedback from

industrial partners
FACILITY

Improve carbon fiber
NERliEw e R ° Integrator of research initiatives/strategies across the supply chain with unique supporting research facilities

and capabilities, projects, technical skills, and established industry partner relationships
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Strategic Approach example - Develop, Demonstrate, Validate, Deploy

i
| | | | | |
= = 4 G
» Cummins Newsroom: ponent X —— = T
Cu ins Inc. and Oak Ridge National oratol | . — et =
i ility to produce millions of fiz= =5 N\ o [ b € ]
asks = & \ L — —
\ = —
091, 2020 o Toonossae US4 -
k T A
Ll

> Develop filter media fibers for PPE and N95 charging
\ device for industrial environment at CFTF
Transfer Technology to Cummins Filtration — Enable
Filter media capacity for 1M masks/day

‘ Cummins Inc. and Oak Ridge National Laboratory collaboration enables capability to produce millions of face masks | ORNL

Research_to_ : Catalyze relationship with Cummins Filtration
commercialization

Enabled PPE capacity to produce millions of FDA & = [t 8
NIOSH approved face masks/day at DemeTECH. TS i

/ ORNL industry collaboration bles job B :
growth, N95 mask production in Florida
Created a US PPE supply & economic growth X T pellnelNelad Bl
— with >1,500 new jobs in medical manufacturing sector il | ’ ¥

ORNL industry collaboration enables job growth, N95 mask production in Florida | ORNL g ,P‘;l. ‘;\]'I} 1
« Critical resource for addressing challenges associated with National Crisis ) | |
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https://www.ornl.gov/blog/cummins-inc-and-oak-ridge-national-laboratory-collaboration-enables-capability-produce
https://www.ornl.gov/news/ornl-industry-collaboration-enables-job-growth-n95-mask-production-florida

Strategic Approach example - Develop, Demonstrate, Validate, Deploy

Textile Carbon Fiber (TCF) Technology '

Handling capability, Intermediate, Composites, & Applications

M Acrylonitrile

Commercial PAN

M Process Energy

PARAMETER BASELINE HEAVY TEXTILE TOW | HEAVY TEXTILE TOW

(Current: 1.6X Capacity) (2X Capacity)

Tow Size 50K 457K 457K

Annual Prodn. Volume 1,500 tonnes/yr 2,400 tonnes/yr 3,000 tonneslyr

Capital Investment $58M $58M $58M

Final Fiber Cost $18.11/kg $11.19/kg $9.92/kg

Precursor Embodied Energy

%9 300

E 250

> 200 -33%

20

¥ 150

Ll

g 100

B 50

o

E 0

Textile PAN (LCCF --

1.6X/2X)

Other Materials

Fiber Embodied Energy

v" Lower precursor cost -- High
output textile grade acrylic
fiber used for clothing vs.
specialty acrylic fiber

v Lower capital cost — Higher
production capacity

v" Lower energy and labor cost
— Economies of scale from
an increased throughput

v’ Estimated heavy textile tow
carbon fiber cost reduction
potential is conservative

Development of handling
processes for TCF

Evaluation of TCF in
intermediate processes

Compounded
TCF pellets

Evaluate TCF Mg »

Fabric Laying
process

Non-woven Fabric

Additive
Manufacturing

e

Car mold

'op 400 Intermediates in Top &% )
== 200 — Compared tO CFTF fUII compositing methods =—= Defense application
E 000 . In_]ectlpn
2 oo 34% -41% potential. e Fendes
%0 600 — Industrial application
S a00 v CFTF has demonstrated 2x reomL et i %
o 200 . . . Cycle time: 75 - f ‘
2 o increase in throughput with el = IRl Recycled composites
- . - Flexural Strength | 285 L G
.g Commercial Fiber  LCCF (1.6X) LCCF (2X) the potentlal of Improving ey e I I I =
W mPrecursor ®ProcessEnergy m Other Process Materials th roug hput even fu rther_ ';l“;{{'li'w” 1,000,000 1 260,00 = - i
otched izod 0.50 0.60 - Sas iy e @
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_Strategic Approach - for Carbon Fiber Manufacturing - Theoretical

Reduction in Cost & Energy for Alternative Precursor Materials/Advanced
Conversion Processes

Precursor/Conversion Process Energy A

Baseline Standard PAN precursor 0% 0%

Lab Melt stable PAN precursor - 30% - 30%

Lab Lignin-based precursor - 50% - 40% £ E:.
& coal-based pitch

Lab Silicon Carbide Fibers -85 % TBD material

Advanced conversion

Lab . - 25% - 50%
processing Waste Gas Abatement
Lab Bio-PAN TBD TBD 0000 0

Polyolefin/Polyamide 0000
Scale-up y y - 20% - 50% 000V =

precursor 0000 0 §

. ' o & 0 4 B
I | SV Pitch-based precursor - 70% - 70% 0000 | ¥ | &
==
*Theoretical Theoretical o e - " Trse”:;:t Sizng Windig

Scale-up *Textile PAN precursor >30 - 25% - 30% Stailzatonand Oxdaton Temperaure ~ Temperature Fackagng

variations Actual Actual CaIr:bor:iaz::ion Ca::;:;z::on

u
- 0, - 0, )
54% 41% Percentage cost of carbon fiber
(Kline)
S| a1 Recycled CF - 60% - 90%
*Sources: Das, S. and Warren J., “Cost Modeling of Alternative Carbon Fiber Manufacturing Technologies — Baseline Model Demonstration,” presented | ~50% | | ~40% | I ~10% I
DOE, Washington, DC, 5 April 2012; Unpublished analysis by Kline and Co, 2007; Suzuki and Takahashi, Japan Int'| SAMPE Symposium, 2005;
Precursor Conversion Primary finishing and packaging
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FY 23 Results and Achievements - Carbon Fiber Mini Workshop

Summary of Mini-Carbon Fiber Workshop
SAMPE Seattle 4/17 — 4/21

* Industry Panel established with
manufacturers across the supply chain

Extensive market study completed

30 attendees — high performance end users &

aerospace focused
Top responses to poll questions

— Low-cost carbon is important to the future

of my business — 100% agree

— Low-cost carbon fiber is important in the

US to reduce energy usage — 79% agree

— Carbon fiber production in the US is
important because — technological
leadership — 48%

— The position that the US holds in carbon

fiber manufacturing is — a lost opportunity

—71%

JEC industry interviews Seattle 4/17 — 4/21

— 34/36 Companies interviewed

Full workshop June 19-20t 2023 Knoxuville,

TN

What is the biggest challenge to increased use of carbon fiber?

Cost of carbon fiber
manufacturing JA

31%

Cost of converting carbon
fiber into a composite part B

Lack of standards

Impact resistance| D

Repair cost | E

What is the most important role for ORNL to increase the availability
of low cost carbon fiber?

Collaborative Research and Development g

Catalyze industrial partnerships: precursor
to carbon fiber to final part production

Qualify new raw materials/precursors for
carbon fiber manufacturing

Develop new applications for carbon fiber

None of the above  E

ABLE ENERGY

Potential Impact

Up to 80% reduction in embodied
energy from low-cost feedstocks & hi-
throughput processes e

Cost & quality
improvements
from Al & HPC
modeling & simulation

Additional Domestic supply of CF

~50-100 kt additional new market for
carbon fiber

- $2 billion investment - Assemble and
support the value chain to develop it

-~ $1 billion / year in additional
production and sales

~ A cluster of complementary
downstream enterprises created

- $20-50 billion in additional economic
value created over 10-20 years

- +5,000 direct jobs; +>10,000 indirect,

knock-on jobs



FY 23 Results and Achievements - Data Analytics Framework for CF Manufacturing

& Tracking A4l

Data Management — :MjaEDEN — ““".".

Data Analytic Framework
enable process variables to be
tuned and optimized during
manufacturing improving
' quallty throughput better

Crponmb Al Aefint & 1ol carnshns Wlosem s
Ml & oM dele ety

R B

Computer Vision /
Quality Control

Investigate and develop in-
process measurement, sensing
and control

Methods

a8 o “’L.:
5 ‘:P ’.."' :;'"»':
LN 3Ty
\h—“nhnn
| DREAM.3D
- Open Source Edten
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FY 23 Results and Achievements - CF Digital Data Platform Highlights

 Challenge: Current “off the shelf” solutions do not efficiently
serve CF research and production environments, leading to
data being siloed and difficult to fully utilize for optimization
tasks (energy reduction or quality improvements).

« Approach: Create a custom digital data platform to enable
efficient data input and retrieval at the CFTF.

« Solution: Designed and built a software API with supporting
server code and database backends that allow for:
1. digital twin modeling,
2. Characterization and process monitoring,
3. data analytics.

 Result: Our current understanding of carbon fiber specific
needs and best principles of design for a data platform are
being described in a software requirements specification
document.

Recording a fiber segment’s history allows us to attribute
characterizations to process parameters and materials and
understand where energy can be saved.

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

=== Data Collection

REST API
Control Room T PLC Values, Sensors Technician /
5 Operator Process
. d— E Historian l = = Algorithmic Link
|> dh . InTouch HMI — g;g;ess Line
(Control SP) - =
| I | R |
| |= Digital Logbook I
I \
: | R
| (] In-line Characterization
' v g o
x Data Platform T =): @ E
58 s
s Fiber Segment Properties and
* e
§ E’ —_— o Precursor Characterization
@ L1’ Analytics i
| "« Fiber Segment Model Lab Samples
m F G v

% 4-

Artifacts:
- Platform software requirements specifications
~ Custom designed database schemas
- Data server software creating connections between facility data
collection points
- OpenAPI specifications




FY 23 Results and Achievements - Control Algorithm for Fiber Manufacturing

Challenge: Our solution
— First principles / mechanistic understanding limited ] * Bayesian models
: :  Provide optimal trade-off between
— Experimental tests at full scale are expensive and 39

tedious. E.g., 12h of operation for one data point = — Expected cost of test

380

Strength [Ksi]

— Improvement in resource efficiency
— Joint achievement of:

 Fiber quality maximization
 Specific energy minimization

— Multi-input multi-output (MIMO)

w
~
w

Approach: -
— Data-driven optimization 365
— Practical aspects

 Batch mode: multiple tests scheduled at once

- Gaussian process regresston (GPR) batch optimization
(&.9., whole week of operation) model implemented in Python/Pytorch — Developed/tested at CFTF through
a0 W
. . 2021-2023
) Mu_ltlb-lmput mlulgllple ol i §| i Ll L ——— — Toolbox: Bayesian Optimization for
}/a“a i aYatl'a i g:zi,i!“.ii%_ %!!‘ﬂi'il?!i!; sl & ———— N Optimal Test Selection
Or manipufation — Ry  Software copyright request filed
cowaoupee L L S || 0| s e icaboot
multiple metrics ol T g o e HHLOML AoV CEATAnaHES D00
of interest (e.g., Wl limm 1 3% . Results:

o
(=}

density, tensile
strength/modulus,

resource efficiency)

Chaotic Data Set Manipuiated setpon ' — Expect 40% reduction in energy

requirements

Demo Bayesian Model (simulated example) _ For same quality of fiber

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY



https://code-int.ornl.gov/cftf-data/analytics/boots
https://code-int.ornl.gov/cftf-data/analytics/boots

FY 23 Results and Achievements - Transport Model for CF- Manufacturing

» Derived a method to automatically find the fiber
path through the processing line using dual graphs,
roller locations and diameters.

— Simplifies geometry modeling
— Generates fiber path geometry automatically

« Derived transport model to simulate carbon fiber
tow motion through the processing line.

» Developed a numerical integration method to
solve the transport model that has sufficient
accuracy for data analytics. Transport model and

A

A

s

~

- S
/ -
S
Py -
.- ‘L 5

i ?n:n:#,xf.:k}:,‘%?‘@‘;ﬁ‘ﬁ‘?\?i‘:*f"*ﬁ:?é‘é‘%
M\ Ity ﬂs m il / i l"
i mmwww

.»

M e \/\/\

©
o]
(O]
- ®
O
2-T) CRORORO.
G ololo
&
@
(O]
(O]
®
i Error Algor thmZM dific IR e-Kutta 4 order position esti-
mation for a single tim lep.

Forward Difference functios RK4(f i)

data analytics are being implemented as an open- At g 41 1
1 06 i+ Segment(z[k], X, ¢)

source Python library

— Allows a complete analysis of any fiber
segment’s process history.

— Provides a framework for real-time control
and optimization.

— Focus is on ease of use, accuracy, and
flexibility.

U.S. DEPARTMENT OF ENERGY
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(k] = (viga [K] = vilK])/ (i1 — )
Ky Aty (vilk] + malk](a[k] — 22))

g Gl ry  xlk] + ky /2
w i+ Segment(r.X .2)
im[ﬂ; ({”[1 lf'l w[l;-ﬂ()/[(];f]'.u‘. ;fz'.J )
iz 4 e (vi[ k] + mg k] (x[k] + Ky /2 Ty
02 .:'2= ‘ I[AKI t ko /2 '
/ i +— Segment(ry. X £)
o & @ & 7o S B m;[k]  (vig1[k] — vilk])/(wig1 — x:)
R > S (I N SN I S N k;‘ — Aty (vslk] + ma[k] (2[k] + ko /2 — 27))
s wk] + ks
_02 1 1 1 1 1 1 1 1 1 J (X
0 5 10 15 20 25 30 35 40 45 50 m il [A])/[.r-,ﬂ )
Time [s] A H_xr( |.<\+ ,[ (k] + k3 — 1))
Accuracy comparison (error in meters) of numerical solutions to the alh 1] alh]+ (1/6)01 + 28+ 2 k)
end fi

transport model over a short 16-meter-long processing line test geometry. _ eu funcio




FY 23 Results and Achievements - Insitu-Mearurement Concepts

» Challenge: Predictability of CF process is limited in part by a
lack of in-situ / in-line measurements of tow properties during
production.

» Approach: Use on-contact sensors to infer key property values
(e.g. conductivity) of the tow on the line.

 Solution: Demonstrated Quantum Cascade Laser (QCL)
Infrared Spectroscopy technique for fiber density
measurement

» Results: Improvements over FTIR-based technique include:
— Increased signal-to-noise by >100x

— Increased scan speed by 20x s
» Next step: on-line measurement R&D ..

o
~J
ul

Adsorbance (a.u.)
o
U

0.25

Wavelength (microns)

Invention Disclosure 202305265 [Method for on-line measurement
of fiber density with infrared diffuse reflectance spectroscopy]

timepoint avg mag(f) vs time

« Solution: Designed and built
a platform for acquiring
sensor data from two types of
sensors — radio frequency
(GHz) and magnetic
susceptibility sensors.

035

» Result: The developed sensor
fusion technique may be ;
capable of inferring useful
property variables if
experimental artifacts can be o
overcome. Present efforts
include image-based
monitoring of the
experimental sensors

A
M
@
-0153
«
o
-
«
oQ
>
Q
o
o
5

Invention Disclosure 202305341 [RF and B-Sus CFTF Tow Sensing]
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FY 23 Results and Achievements - New Alternative Precursors/Capabilities

Proof of concept ideas fOCUSG_d on advancec_l fiber « Development of new low-cost precursor materials using more environmentally
manufacturing and/or materials technologies for friendly lower cost materials, cost-efficient precursor spinning processes (ex.
advanced fiber manufacturing. melt-spinning), and cost-efficient conversion processes.

uw:m\

=

= y
-

=

==

Development of Silicon —
Carbide fiber precursor —_— 1
R ————
Development of cellulosic
biodegradable fibers for film &

packaging

First Low-cost Silicon Carbide Fiber
line — expect ~85% reduction in SiC

fiber manufacturing costs :
Development of Silicon Nitride Fibers

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY
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Results and Achievements - Publications & Intellectual Property

SAMPE Journal Feature  jil L e B Achievements
March/April 2022 & 2023  |fsensors ey vl §

\\\\\\\\\\\\\\\\\\\\ Evaluation Low cost textile-grade carbon-fiber epoxy o M arket Stu dy CO m p I eted

composites for automotive and wind energy

Carbon Fiber Tow Using Defined Radios

James R. Humphries'", Roger A. Kisner', Stephen M. Killough'*, Meriin Theodore', Yarom Polsky

LOW-COST TEXTILE GRADE : i « API Best Practices
CARBON FIBER RO

applications +

e > 20 publications
; e ar o o Carbon Fiber Market Study/Industry Panel Identified
»Imermedlates, Prpcessesand Product Routes for Low- b Ve TE TCF In Wlnd & - - y y - -
0 DR . automotive o 2 Copyrightsl Mathematical model and 1 Simulation

In-situ measurement — Bayesian Model Software copyright: https://code-
concept FLC TCE Licensed int.ornl.gov/cftf-data/analytics/boots

Technology award
FOR IMEDIATE RELEASE — Mathematical Model & Simulation Tool

Harper and Oak Ridge National Lab Complete First Phase of Joint Development of Carbon Fiber
LT Carbonization Simulation

ORNL Secures Four Licenses for Low-Cost Carbon Fiber

ABSTRACT

Thero s globel intarest in reducng woight and enorgy efficency of structures ranging from sutomobiles.

BAMBOOFIBER.

— Transport Model Software copyright

Polymer, Additives, and Processing Effects on N95 Filter
Performance

Buffalo, NY — Harper International and Oak Ridge
National Lab (ORNL) have completed the first
phase of their co-operative simulation work titled
O d G £ G

e >10 Invention Disclosures/Patents:

an o

Capability for the High Capacity Production

Carbon Fiber". The purpose is to ensure thermal
i systems provide the necessary

uniformity of processing conditions to produce

fiber of a certain quality, output and cost ideal for

automotive

-
[ ]

\ Workforce Development - 77% Students/Interns landed
jobs

— Students — 33% Current, 40% Academia, 20 %
Industry, 7% Government

atical model and

Modeling for CF [z
manufacturing

‘ ,_/{/)/:(2/%1 !
— Tech Interns - 16% Industry, 66% Government
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https://code-int.ornl.gov/cftf-data/analytics/boots
https://code-int.ornl.gov/cftf-data/analytics/boots

Future Work, Technology Transfer, & Impact

Future Work:

«  Carbon Fiber Workshop

» Develop business case for Textile Carbon Fiber

» Demonstrate Textile Carbon Fiber performance in Demonstration Projects

» Upgrade of Melt-spinning equipment for processing pitch material from various sources of coal and petroleum

»  Further Development and scaling of new advanced precursors, fibers, and conversion processes

«  Continue integration of Al, computational models, science and understanding at the CFTF to drive commercialization of low-cost
precursor-based Carbon Fiber

«  Work with DOE program offices to integrate research strategy for significant impact to energy applications

Technology Transfer:

« Complete Full-scale workshop to generate interested licensees', CRADA, and other forms of joint collaborative work for ORNL
Carbon Fiber IP packages to market to interested parties

Potential Impact:

« A Domestic supply of carbon fiber subsequently resulting in an additional new market for carbon fiber and a cluster of
complementary downstream enterprises created, $20-50 billion in additional economic value created over 10-20 years, +5,000 direct
jobs; +>10,000 indirect, knock-on jobs

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




Questions?

Low-cost Carbon Fiber Technology| AMMTO

Dr. Merlin Theodore
Email:theodorem@ornl.gov
Office: 865-576-6569
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