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— Funding (DOE and Cost Share)

v" Federal Share: $ 1,000,000

v" Cost Share: $ 250,000

v Total Estimated Project Cost: $ 1,250,000

Patrick Johnson
Trina Pfeiffer / PI/Project coordinator \ Dr. Kam Ng
Pilot coordinator Task 1, 3,4. 6 Co-PI
Task 2 Task 5
Dr. Paul Behrens Trina Pfeiffer
Scale-up and TEA Pilot plant process
development
Task 1. Project management and planning tasks Task 2. Flash Pyrolysis Pilot plant process development Task 3. GO process optimization
Task 4. Synthesis of rGO and graphene nanosheets Task S. Testing of graphene products concrete additive Task 6. Sodium-ion battery fabrication/testing
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— The major goal of the project 1s to seek applications for
technologies that use domestic coal and/or carbonaceous coal
wastes to produce high-value graphitic products:

1. Flash Pyrolysis of coal to coal char

Graphene oxide (GO) process optimization

Syntheses of reduced graphene oxide (rGO) and graphene nano sheets
Testing GO and rGO as concrete additives/cement replacement

A

Hard carbon anodes in sodium-ion battery (SIBs) fabrication/testing
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Technology Background

Economic advantages of your technology

Estimated cost (GO) and (rGO) - $/kg

Precursor and Products Price [$/kg]
Wyoming subbituminous PRB coal 0.016
Industrial Graphene Oxide Bulk Powder products 32
Hard Carbon Powder for Sodium Ion Battery Anodes 1,190
High Quality Monolayer Graphene Oxide 5,000
99% Purity Industry Graphene Powder for batteries 2,500
Graphene, Monolayer graphene film 100,000
Reduced Graphene Oxide Powder 3,000
Nano Reduced Graphene Oxide Dispersion Nanoparticles Colloid and Slurry 50,000
Few Layer Reduced Graphene Oxide 13,000
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Technology Background

Economic advantages of your technology

Solvent Extraction
CCCC/David Bell

Polymers/Fillers

Asphalt, Binders stefan Holberg Tertjestr'lal Algae as
and Rejuvenators Bob Bradley Soil Amendment
WRI Jeramie Adams John Oakey
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Technology Background

Economic advantages of your technology

Flash Pyrolysis - Progress

* Two different reactor configurations have been
tested to evaluate temperatures and flowrates
and various carrier gas flow rates and directions
for optimal product production

* An additional lower temperature pretreatment
step before flash pyrolysis has been evaluated
(Two-Step Flash Pyrolysis)

e Scaled up Pyrolysis pilot plant to begin June
2024 to provide much needed feedstock for
downstream product research. This plant will
benefit from the data gathered in the smaller
unit show on this slide.
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Technology Background

Economic advantages of your technology

Flash Pyrolysis — Current Status

Significant increase in char production (60 g/day a year ago)
Single-Step: 1 kg/week
Two-Step: 0.7 kg/week

Supply GO group with 0.6 kg of char per month

Evaluating effect of other environments (methane and steam) and their
effects on product yield and composition

2 undergraduate students hired to work on project — Kalin Hicswa (Fr.
ME) during school year and Riley Milburn (Jr. ME) during summer.
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Technology Background

Economic advantages of your technology

Flash Pyrolysis — Future
Development/Commercialization

Design of new, higher throughput flash pyrolysis system on University
of Wyoming campus in progress

- 5 kg of char per day (~10 kg of raw coal per day)
Startup in Summer 2024

Construction of flash pyrolysis Semi Works plant in Gillette, WY with
Wood Engineering underway

6 TPD of raw coal feed
Startup in Spring/Summer 2025
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Technology Background
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Technology Background
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Technology Background
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Technical Approach/Project Scope

Experimental design or project steps and work plan

Flash Pyrolysis : —
Temperature range 700-1000 °C, range of carrier gas flow rates, oxidative agent use (02, CO2, and/or steam)
TaSk 2 Gas PYTOIYSIS Gas Chromatography Testing / Mass Spectrometry Testing
Flash Pyrolysis quu1d perIYSiS High-performance liquid chromatography (HPLC) / Inductively coupled plasma mass spectrometry (ICP-MS)
Raman, TGA, FT-IR, XRD, UV-vis, BET surface area, ICP-MS* and Elemental Analysis*.
Coal char
HNO3 in an ice bath, followed by sonication at 70 °C. Washing with DI water to pH = 6~6.9. Filtration and
1 freeze-drying.
Task 3 GO synthesis rying
GO PrO cess GO Raman, XPS, TGA, FT-IR, XRD, NMR, UV-vis, SEM, TEMi C*onductivity, BET surface area, ICP-MS* and
Elemental Analysis*.
Optimization L
p Process nitric acid HNO3 recycling via vacuum distillation at 120 °C. ICP-MS* validation for impurities.
. Tube furnace reduction under flowing inert gas at 1100 °C.
Reduction to rGO crere
Task 4 Raman, XPS, TGA, FT-IR, XRD, NMR, UV-vis, SEM, TEM, Conductivity, BET surface area, ICP-MS* and
rGO Elemental Analysis*.
rGO

graphene nanosheets

Annealing Induction

Induction furnace treatment under inert gas up to 2500 °C.

Task 5
Testing as a concrete
additive

Graphene nanosheets

Raman, XPS, TGA, FT-IR, XRD, NMR, UV-vis, SEM, TEM, Conductivity, BET surface area, ICP-MS* and
Elemental Analysis*.

Concrete mix

Slump test

Cylinders, beams, slabs

Triaxial testing, three-point flexural test, rate of absorption.

Task 6
Sodium ion battery
fabrication/testing

Hard Carbon

Swagelok half-cell
assembly

Raman, XPS, TGA, FT-IR, XRD, NMR, UV-vis, SEM, TEM, Conductivity, BET surface area, ICP-MS* and
Elemental Analysis*

Galvanostatic charge-discharge test, Coulombic efficiency test, Cyclic voltammetry (CV) test, Current rate test
cycled at different densities, Cycle life test.

Parallel electrochem. testing

Galvanostatic charge-discharge test (GCD), Cyclic voltammetry (CV) test, Cycle life test.
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Milestone Title/Description

2. Flash Pyrolysis of coal to coal char

3. GO quality — Raman D/G-ratio higher
than coal char, and >1

4. Synthesis of rGO

5.Testing as concrete additive/cement

replacement

6.Sodium-ion battery fabrication /test

IOWA STATE UNIVERSITY

Planned

Completion
Feb 2024

Jun 2024

Nov 2024

Mar 2025

Jun 2025

Actual

Completion
Feb 2024

Comments

This step has been carried out successfully.

This step has been carried out successfully. In the
next Q3 report, more data will be added as
arguments attesting to the success of this step.
This step has been carried out successfully. In the
next Q3 report, more data will be added as
arguments attesting to the success of this step.

This step has been carried out successfully. In the
next Q3 report, more data will be added as

arguments attesting to the success of this step.

Initial tests have been conducted
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Planned Johnson’s Laboratory - Iowa State University

Milestone Title/Description

&

20 (degree)

char and Graphene Oxide.

Completion Process coal char - 120g / week
3. GO quality — Raman D/G-ratio higher Jun 2024 GO production — 110 g/ week
than coal char, and >1
Ultra GO -5
=== Coal Char
GO - HNO3 Method GO_Samplet
DG a= GO_Sample?
I CoalChar—202 I _ Sample -1 - GO_Sample3
7 i : B 3. [/ \DGiaa |
[ DI Water — 15 mL | s S DIG=1.37
| ¥ ! > S -
Nitric Acid 70% - 90 ml ‘@ I LTFGO-4 o | @ﬂ;&_\
I Nitric acid ({\;d solution) I E \‘\\W_, — % -//v\\D’Ei]_E‘.L\'
] m )
I Add coal char to the solution I E 9
L ¥ 2 L__‘\j} GO-5 - T T T T T T T T
Sonicator bath - 4 h/ 70°C — \ 1000 1500 2000 2500 3000 3500
I S5 | \ Raman shift (cm™)
I Vacuum filtration I R
. ¥4 T T T T T T T T .
[ Wash solids to pH = 3 | 10 20 30 40 50 60 70 Figure 4: Raman spectrum to coal

Graphene oxide (GO)

Figure 3: XRD spectra of coal rGO -1100 oC/2h.
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Planned
Milestone Title/Description

Completion
4. Synthesis of rGO Nov 2024
D G 2d
800 ; Ko
i 12 4 002 — GO
= >
2 600 - ©
o — -
5 s 8
> i : 7
7 400 i1 DIG=1.86 ..ﬂc_.J 4 -
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Raman shift (cm—1) Figure 6: XRD spectra of coal rGO -1100 oC/2h.

Figure 5: Raman spectrum to coal char, graphene
oxide and reduced Graphene Oxide
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Planned

Milestone Title/Description .
Completion

4. Synthesis of rGO Nov 2024

HT-rGO900 HT-rGO600 HT-rGO750 BC750 rG0600 rGO300 rGO750 rG0450

Figure 7: XPS results, sp2 (%) for Cl1s.
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Planned
Milestone Title/Description
Completion

5.Testing as concrete additive/cement replacement Mar 2025
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Milestone Title/Description

5.Testing as concrete additive/cement replacement

GO as a replacement

Water-cement ratio (w/c)

0.4 0.5 0.6
GOl(%) GOl(%) GOl(%)
= = . &
~ 005 005 0.5
- 010 ~ 010  0.10
1025 | 025 | 025
105 | 05 | 05
110 - 10 | 1.0
120 - 20 - 20
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Planned

Completion
Mar 2025

GO as an additive

Water-cement ratio (w/c)

0.4 0.5 0.6
| | |
GO (%) GO (%) GO (%)
- 005 005  0.05
- 010 010  0.10
- 025 025 025
-~ 05 | 05 | 05
- 10 - 10 | 10
20 - 20 .| 20
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Planned
Milestone Title/Description
Completion

6.Sodium-ion battery fabrication /test Jun 2025

> Initial charge discharge testing was performed using 22 mAg~

Cell fabrication process

Sodium metal
Positive Cas -
_—— / Glass microfiber separator

80 % Hard carbon + 20% PVDF +
20% conductive carbon
On Copper foil

1M NaClO; in EC : DEC |
O p—

Annealing Coal char @ 1200 °C

V2

Crush and Sieve

L §2

Mix hard carbon, PVDF and conductive carbon

RZ

Mix with NMP

RZ

Tape cast on copper foil

RZ

Cut anodes

RZ

Figure 9: Tape cast anode from ecemble half ool

Figure 8: Sodium ion half cells have been fabricated coal char hard carbon. RS
as shown in the following diagram.

electrolyte

Test the cell
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Plans for future testing/development/ commercialization
(1-2 Slides)

Plans for future testing/development/commercialization
(one or two slides)

a. In this project

b. After this project (i.e., next project)

c. Scale-up potential, if applicable
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a. Successful scale of coal char production achieved for project
b. Successful scale of graphene oxide production achieved.
c. Cement testing underway

d. Battery fabrication and testing underway with hard carbons
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Appendix

- These slides will not be discussed during the presentation but
are mandatory.
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Organization Chart

IOWA STATE UNIVERSITY

Department of Materials Science and Engineering

Patrick Johnson

PI/Project coordinator
Task 1, 3,4.6

ﬂ UNIVERSITY or WYOMING ﬂ UNIVERSITY o WYOMING

Trina Pfeiter

Pilot coordinator
Task 2

Dr. Kam Ng
Co-PI
Task 5

ﬁ UNIVERSITY o WYOMING ﬁ UNIVERSITY of WYOMING
Dr. Paul Behrens Trina Pfeiter
Scale-up Pilot plant
and TEA process development
IOWA STATE UNIVERSITY Materials Science and Engineering | 24




Gantt Chart

* Provide a simple Gantt chart showing project lifetime in years
on the horizontal axis and major tasks along the vertical axis.
Use symbols to indicate major and minor milestones. Use
shaded lines or the like to indicate duration of each task and
the amount of work completed to date.

Task Name Year 2023 2024 2025
Month || S|O|N|[DJIJ|F| M|A|M|J|[J]|A|[S|O|N|DJIJ|FIM|A|IM|IJ]|I]|A

Task 1. Project Management and Planning
1.1 Project Management Plan

1.2 Technology Maturation Plan
Task 2. Flash Pyrolysis of Coal to Coal Char
Milestone 1 - Coal char quality
Task 3. GO Process Optimization
Milestone 2 - GO quality
G/NG Decision Point 1
Task 4. Synthesis of rGO and graphene nanosheets
Milestone 3 - rGO and nanosheet quality
Task 5. Testing as concrete additive
Milestone 4 - Concrete strength
Task 6. Sodium ion battery fabrication/testing
6.1 Develop sodium metal half cells
6.2 Parallel electrochemical testing

Milestone 5 - Battery performance




FY 2024 FY 2025
DOE Cost DOE Cost
Funds Share Funds Share
Applicant ISU $297,533 | $71,381 |$289,998| $75,519
Subaward to UW | $194.473 $51,550 |$217,912| $51,550
Total () $492,006 | $122,931 |$507.910( $127,069
Total Cost Share % 20% 20%

Precursor and Products

Wyoming subbituminous PRB coal

Industrial Graphene Oxide Bulk Powder products
Hard Carbon Powder for Sodium Ion Battery Anode

High Quality Monolayer Graphene Oxide

99% Purity Industry Graphene Powder for battery
Graphene, Monolayer graphene film

Reduced Graphene Oxide Powder

Nano Reduced Graphene Oxide Dispersion Nanoparticles Colloid and Slurry
Few Layer Reduced Graphene Oxide

Price [$/kg]
0.016
32
1,190
5,000
2,500
100,000
3,000
50,000
13,000
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