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Disclaimer

* Acknowledgment: "This material is based upon work supported by the
Department of Energy Award Number DE-FE0032313.”

* Disclaimer: "This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States Government
nor an%f. agency thereof, nor any of their employees, makes any warranty, express
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States
Government or any agency thereof. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States Government or

any agency thereof."
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TECHNOLOGY Coal Derlved Prior work started:
BACKGROUND (Carbon Fiber Production  summerao
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Volume 216, 5 January 2024, 118590

[sotropic pitch-derived carbon fiber from
waste coal
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T Soiverio 86% YIELD INCREASE!
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* High modulus (mesophase) carbon fiber achieved
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Manuscript in review currently

Mesophase pitch-based high performance carbon fiber production using
coal extracts from mild direct coal liquefaction

Christina Thompson® **, George Frank® ¢, Vivian Edwards?®, Michela Martinelli?,
. Asmund Vego?, Frederic Vautard?, Ercan Cakmak9, John Craddock?, Mark
B a S e | IN e Meier®, Rodney Andrews® ¢, Matthew Weisenberger® ©
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aCenter for Applied Energy Research, University of Kentucky, 2540 Research
Park Drive, Lexington, KY, 40511, USA
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bDepartment of Chemistry, University of Kentucky, Lexington, KY, 40506, USA

‘Department of Chemical and Materials Engineering, University of Kentucky,
Lexington, KY 40506, USA

d0ak Ridge National Laboratory, 1 Bethel Valley Road, Oak Ridge, TN 37831,
USA
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* High modulus (mesophase) carbon fiber from waste coal
achieved: manuscript in preparation
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0 * We are currently investigating a variation of process for

2 DO*MP ®mSFDO-TS-MP = SFDO-THFS-MP increases in coke production for graphite
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TECHNOLOGY Coal Derived Started: Summer 2022
BACKGROUND Graphite Production
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CAWard@Scale

Scaled-Up Coal Conversion for Carbon Fibers and Graphite
Three 12-month BPs

ELHERIR RS0l Team Member | Federal Share Non-Federal
of Costs ($) Share of Costs

(5)
$4,669,907 $1,250,000 $5,919,907
% Share 78.88% 21.12% 100.0%

PRODUCT 1: Scaled up, coal-derived isotropic

Tasks pitches will be investigated as an alternative to
1. Project Management and Planning coal tar binder pitch for the metals industry.
2. ili [ 9 . :
Coal tc? Produc.ts FaC|I|tY Cor?structlon (63% of budget) PRODUCT 2: Scaled-up coal-derived synthetic
3. Coal Liguefaction and Filtration . . . . :
. . graphite will be investigated as an alternative to
4. Pitch and Green Coke Production ol dle coke derived svnthet hit
.. . T mn Il n 1 rapni
5. Solvent Recovery, Reuse and Process Optimization If)e Ofu t,ee betfo © e \;e tsy, CHE sapie
6. Anode Grade Graphite Production OF aUIOMOVE Datitly Mafiulactiting.
7. Carbon Fiber Production PRODUCT 3: Scaled-up coal-derived carbon fiber

will be investigated cost effective reinforcement
and/or insulation.
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PROACH Coal to Mesophase for Carbon Fiber

3:1 solvent:coal

Coal =% Coal extract liquid Y ﬂ

E———)

Filtration Mesophase ‘ i P : Oxidation &

Heat treatment | Carbonization/
+ Solvent Graphitization

=\

Scale up at CFTF
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TECHNICAL (3] to Graphite for Energy Storage
APPROACH

3:1 solvent:coal Solids
A= Coal extract liquid
) . Milling &
| &5  Classifying

Filtration i I Graphitizing §

Coating
+ Solvent l
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Gantt
Chart

UK CAER

|1 =Jan. 2024 ‘ 1 =Jan. 2025 | 1 =Jan. 2026

BF1 BP2 BP3

Task and Subtask L2345 (a7 | &89 J10j11j12] 1 [2 (3 [4]|5]|a6]|T7|&]|®H

Wt ft2f1 (23|45 |67 &[5 [t0f11]12

1 Project Management and Planning

1.1 Project Management Plan

1.2 Technology Maturation Plan
2 Coal to Products Facility Construction
21 [Ledeigniobi EEEEEEEE
22 Construction e’
23 Commissioning
11 Direct Liguefaction of Coal
32 Filtration of Coal Liguids
33 Coal Liguid Characterization

4 Pitch and Green Coke Production

4.1 Dustillation of Isotropic Pitch & Distillate Recovery
4.2 Mesophase Pitch Processing & Condensate Recovery
413 Green Coke Processing

4.4 Pitch and Coke Characterization

5.1 Reuse of recovered distillates and condensates
52 Optimization of Process Solvent Use —
53 |Process Solvent Characterization Technical Milestones

M1: Update on construction progress
M2: Update on building and equipment commissioning

& Anode Grade Graphite Production

6.1

Thermal Conversion to Graphite M3: Demonstrate filtration of coal liquids with = 75 wt.% vield of slurry to filtered liguid
6.2  |Milling, Shaping, Coating of Graphite M4: Demonstrate isotropic binder pitch, and flow domain mesophase from (M3) coal liquids
) — MS5: Demonstrate solvent recovery, reuse and equilibrium processing for sustained coal conversion
6.3 Graphite Characterization ; : B i s
Mé6: Report on coal derived graphite performance in Li ion cells
Cell Fabrication & Testing

M7: Report on coal derived carbon fiber tensile properties

7 Carbon Fiber Production

7.
7.2

Deliverables
D1: Deliver 10 Ibs of coal derived isotropic pitch to ORNL for processing to graphite
D2: Deliver 100 Ibs of coal derived mesophase pitch to CFTF for fiber processing

6.4
1

Melt Spinning of Green Fiber
Thermal Conversion to Carbon Fiber

7.3 Carbon Fiber Characterization




PROGRESS and CURRENT STATUS

C4Ward@Scale: Scaled-Up Coal Conversion for Carbon Fibers and Graphite

* Project kicked off: 20 March 2024
* Most of the scale-up equipment is in-storage in Lexington, KY (from 2021-2022)

* Coal to Products Facility moving forward (picking up from initial work in 2021 — 2022)
* Close collaboration with:
* UK Capital Project Management Division (CPMD)
* Omni Architects
* Architectural DESIGN is finished
 Mechanical & electrical DESIGN finished

* Ongoing coal to carbon fiber & graphite work is serving to refine the existing scale-up process plan

UK CAER OUR MISSION
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C4Ward@Scale: Scaled-Up Coal Conversion for Carbon Fibers and Graphite

PLANS for FUTURE

Review of Tasks

UK CAER OUR MISSION
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Task 2: COAL TO PRODUCTS FACILITY
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Task 2: Coal to Products Facility

Schedule

UK CAER

PROJECT SCHEDULE CONTROL - (2543) UK CAER - CARBON FIBER

UPDATED: 02/12/2024

2024 2025
MILESTONES DURATION | START| END
(DAYS) DATE | DATE FMAM J J A S ONUDI|[J FM A M J
INTERVIEW / ? 10/113/20] 7
CONTRACT AWARD
SCHEM:J:::SEDES'GN 28 06/03/21| 07/01/21
PHASE 1 REVIEW 7 07/01/21| 07/08/21
DESIGN ::I:ESIEOPMENT 42 07/08/21| 08/20/21
PHASE 2 REVIEW 7 08/20/21|08/27/21
REMOBILIZATION 56 03/01/24| 04/26/24 -
CONTRA:;:;CUMENT 112 04/26/24| 08/16/24
PHASIIE!:VT:I\:)I:IV: AND 28 08/16/24| 09/13/24 :
Az\xAR;I:EPI/-I :IS[:E / 45 09/13/24( 10/28/24
CONSTRUCTION PHASE 224 10/28/24| 06/09/25 _ _____
FMAM J J A S ONUDI|[J FM A M J
MILESTONES DURATION | START| END
(DAYS) DATE | DATE 2024 2025
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Task 3: Coal Liquefaction & Filtration

Coal Slurry Processing

3 —30 L Coal Digest Systems
3 — 13 L Filtration Systems
Coal liquid characterization

RWNPR

97.1117in g i _ I 95 20630
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1 - 100 L Mesophase Reactor System
1 - 50 L Distillation system

1 -2 L Coker System

Pitch and coke characterization

RWNPR
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Task 5: Solvent Recovery, Reuse &
Process Optimization

1. 1-50L Distillation System
1. THF recovery for re-use
2. 1-20L Rotovap System

2. Recovered overheads from mesophase
processing and coking to replace fresh
decant oil (solvent)

1. Requisite for process economics
2. DO is far more S$S$ than coal at ~
$700/t

3. Recovered solvent characterization
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Calcining of green coke
Milling & Sieving
Graphitization
Characterization

Coating & Analysis in cells

mRwWNRE
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Task 7: Carbon Fiber Prodtion

1. Melt Spinning
Thermal Conversion
3. Characterization

N

2
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Oxidation system for green pitch fiber

UK CAER OUR MISSION



SUMMARY: CAWard@Scale

Scaled-Up Coal Conversion for Carbon Fibers and Graphite

* Construction of the facility PRODUCT 1: Scaled up, coal-derived isotropic
* Commissioning the equipment pitches will be investigated as an alternative to

coal tar binder pitch for the metals industry.

PRODUCT 2: Scaled-up coal-derived synthetic

* Establishing processing at scale graphite will be investigated as an alternative to

e Optimization of processing
* Targeting
* Up to100 Ib mesophase/month

petroleum needle coke derived synthetic graphite
for automotive battery manufacturing.

PRODUCT 3: Scaled-up coal-derived carbon fiber

* Demonstrate utility and benefits of coal will be investigated cost effective reinforcement

derived products
» Deliver pitch to ORNL / CFTF
 Demonstrate coal products at pilot
scale

and/or insulation.

UK CAER OUR MISSION
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APPENDIX: Organization Chart

C4Ward@Scale: Scaled-Up Coal Conversion for Carbon Fibers and Graphite

Center for Applied
Energy Research

Prime: University of Kentucky, Center for Applied Energy
Research

e PI: Prof. Rodney Andrews

Col: Dr. Matthew Weisenberger and John Craddock
Mrs. Courney McCarthy

L. Facilities CAPITAL PROJECT
L9 = MANAGEMENT

w Management

UK Capital Projects Management Division (CPMD)
e Keith Ingram

UK CAER OUR MISSION
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Energy Research

Project Management and
Integration

Rodney Andrews
(Principal Investigator)

Financial Oversight &

Reporting
John Craddock

| |
Coal to Products Coal to Materials
Facility Construction

Matthew Weisenberger & John

Courtney McCarthy Craddock

Liguefaction/Filtration
Asmund Vego

Pitch Production/Solvent Recovery
Christina Thompson/Vivian

Edwards
Graphite Processing/Battery Testing
Kirk Norasak
Characterization
Michela Martinelli
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% Center for Apphed



APPENDI

|1 =Jan. 2024 ‘ 1 =Jan. 2025 | 1 =Jan. 2026

BF1 BP2 BP3

Gantt

Project Management and Planning

1.1

Task and Subtask

Project Management Plan

L2345 (a7 &8[9 1010 j12{ (23 [4|[5[a6|TF |8 | % [10(10fjt2af1 (23 ]|4]|5]a|T7 &[5 [10][11]12

Chart
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1.2

Coal to Products Facility Construction

Technology Maturation Plan

Illgllll

iqui

d coal convers

21 Let design to bid
22 Construction
23 Commissioning

3  Coal Liguefaction and Filtration

AT

ing for sust

11 Direct Liguefaction of Coal
32 Filtration of Coal Liguids
33 Coal Liguid Characterization

4 Pitch and Green Coke Production

librium process

1

4.1 Dustillation of Isotropic Pitch & Distillate Recovery
4.2 Mesophase Pitch Processing & Condensate Recovery
413 Green Coke Processing

4.4 Pitch and Coke Characterization

ds with = 75 wt.% vield of slurry to filtered |

iqui

5.1 Reuse of recovered distillates and condensates
52 Optimization of Process Solvent Use
53 Process Solvent Characterization

6.1

& Anode Grade Graphite Production

Thermal Conversion to Graphite
6.2 Milling, Shaping, Coating of Graphite
6.3 Graphite Characterization

Cell Fabrication & Testing

6.4
1

7 Carbon Fiber Production

M4: Demonstrate isotropic binder pitch, and flow domain mesophase from (M32) coal liguids
D1: Deliver 10 Ibs of coal derived isotropic pitch to ORNL for processing to graphite

D2: Deliver 100 Ibs of coal derived mesophase pitch to CFTF for fiber processing

M6 Report on coal derived graphite performance in Li fon cells
M7: Report on coal derived carbon fiber tensile properties

M2: Update on building and equipment commissioning

M3: Demonsteate filtration of coal 1
M5! Demonstrate solvent recovery, reuse and equ

M1: Update on construction progress

Technical Milestones

Deliverables

7. Melt Spinning of Green Fiber
7.2 Thermal Conversion to Carbon Fiber
7.3 Carbon Fiber Characterization
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