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Project Overview

Overall project objectives:

Develop and evaluate the proposed methods for
production of precipitated calcium carbonate (PCC)
while simultaneously utilizing CO, and industrial solid
and liguid wastes.

* Integration of CO, utilization with waste management

* Production of high-purity fine PCC
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Technology Background

PCC Production by CO, mineralization
Capture CO, into stable solid form
Low energy input and can use flue gas as-is

Potential to achieve negative life-cycle CO,
emission

Market potential e W b ¢
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_________________________________________
Technology Background

Calcium from waste streams

. Coal combustion wastes in the U.S.:
125Mtperyearand 2B tin

landfills/ash ponds e

- Producedwater: 2230 B L per year in iy e e
the U.S. with an average Ca ¥t HT N “’“é -
concentration of >5500 mg/L N R

Efficient processes to maintain alkalinity
- Alkaline solids: coal ashes

- lon-exchange: a new process utilizing
+ + - - -
H*/Na* exchanger and high ionic Slue: sites of Carich

strength brines (210,000 ppm)
produced water

Red: coal power plants

- Integration with wastewater treatment




Project Scope/Success Criteria

Enabling CO, mineralization and PCC production via the coal ash and
produced water carbonation processes

* CO, uptake >0.35g CO, / g of dry product; CaCO5 content > 85%
(TGA/chemical analysis)

Efficient process design for the proposed processes, that is scalable and
economical

* Higher CO, consumption, lower life cycle cost and impact with respect to
existing CO, mineralization-based PCC production technology (e.g., brine
carbonation using NaOH/electrolysis)

Functional (benchtop) demonstration system

* System tested with simulated flue gas; real-time operation data for
performance evaluation




Progress and Current Status of Project

Produced water carbonation process

* Developed an ion-exchange (IEX) based PCC production
process

* Tested on four IEX materials using simulated produced
water

Coal ash carbonation process

* Developed a new four-step process for PCC production
from coal ash and CO,

* Tested the process on three different types of coal ashes




Progress and Current Status of Project
(Produced water carbonation)

Use ion-exchange (IEX) materials to raise pH of the CO, equilibrated DI
water from 4 to >8.

PCC with purity >90% was produced using weak-acid IEX and produced
water compositions fromthe USGS database.
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Progress and Current Status of Project
(Produced water carbonation)

Process optimization and sensitivity analysis have been conducted
based on experimental kinetic data.
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Progress and Current Status of Project
(Produced water carbonation)

Uni Measured/Current Projected/Target

Uk Performance Performance
Reaction Thermodynamics*?

Chemical Equation mol1 CaZ*+HCO5;+OH—> CaCO;+H,0

Reaction Conditions

CO, Source? Simulated coal flue gas Coalflue gas

Pressure bar 1

CO, Partial Pressure bar 0.12

Temperature °C 25 <100

Alkaline Reactant Source>

pH swing by ion-exchange

Process Route®

(direct/ indirect)

Indirect

Once-Through Performance’

CO, Uptake Actuall® r(r%asc:é)rfélg) 0.40 0.35
Product Properties'?

Desired Product Precipitated Calcium Carbonate (PCC)

Purity (mass %) >90% >85%

Particle size, D5 (kg/h) ~10 microns <15 microns
Commercial Product Properties’3 Current

U.S. Market Size (Tonnes/yr) 24.5 million

Market Price (S/kg) $60-$280; up to $500 depending on the purity
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Plans for future testing/development/
commercialization

Demonstrate the optimized process using an integrated
bench scale reactor system (on-going).

11



Progress and Current Status of Project
(Coal ash carbonation)

Accelerating ash dissolution through alkaline carbonation:

CO,(g) + 2NaOH(aq) —» NaCO3(aq) + H,0

Mineral ‘
Carbonation re

N

Off-spec coal ash,
steel slag, cement
kiln dust, waste
concrete, etc.

2Ca0.Si0,(s) + 2Na,C03(aq) + 2H,0 —» 2CaCO;3(s) + Si0, (s) + 4NaOH(aq)
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Progress and Current Status of Project
(Coal ash carbonation)

Mineral Carbonation
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Progress and Current Status of Project
(Produced water carbonation)

Units Measured/Current Performance | Projected/Target Performance
Reaction Thermodynamics’?
Chemical Equation mol- 2€a0.Si0, + €O, > 2CaC0; + Si0,
Reaction Conditions
CO, Source? Air
Pressure bar 1
CO, Partial Pressure bar .00041
Temperature °C 20-30
Alkaline Reactant Source® Mineral wastes (.coal ash,.cem.e.nt kiln t.iust, slag, etc.)and
calcium aluminosilicate minerals
6 (direct/ .
Process Route indirect) Indirect
Once-Through Performance’
CO, Conversion® (%) 10-20
10 (g—COz_/g

CO, Uptake Actual material) 0.10-0.17

Commercial Product Properties’? Current
Commercial Product Supplementary cementitious materials (SCM)
U.S. Market Size (Tonnes/yr) 15.7 million tons (estimated based on 2021 cement production)
Global Market Size (Tonnes/yr) 775.5 million tons (estimated based on 2021 cement production)
Market Price (S/kg) $50-$100
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Summary Slide

« Two CO, mineralization processes, namely the coal ash
carbonation and produced water carbonation, have been
developed.

« The coal ash carbonation process can capture and sequester
CO, from dilute sources while upcycling waste materials for
secondary applications (e.g., calcium sulfate and
supplementary cementitious material).

« The produced water carbonation process can produce PCC at
low cost from waste brines and coal fired power plant flue gas.
This process can provide attractive value to produced water
treatment facilities that has accessto flue gas stream.
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This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any 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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Organization Chart

Project Management (Task 1)

UW-Madison
Bu Wang

Scientific Team

UW-Madison UCLA
Bu Wang Dante Simonetti

e Technology Maturation Plan (Task 2) * lon-exchange process development

* Coal ash carbonation process (Task 3 and 4)
e Lab-scaledemonstration (Task 6)

development (Task 3 and 4)
Feedstock characterization (Task 3, Wang, Simonetti)
Leaching and precipitation kinetics (Task 3 and 4,

Wang, Simonetti)
TEA/LCA analysis (Task 5, Wang, DeShazo, Simonetti)
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Gantt Chart

Half 1, 2019 Half 2, 2019 Half 1, 2020 Half 2, 2020 Half 1, 2021 Half 2, 2021 Half 1, 2022 Half 2, 2022 Half 1, 2023

Task Name Start + Finish I MM 1 S NI MM N ) I|s M M
Task 1.0 - Pl’D]eﬂ manag 1t and F | i 14 2,’15{'19 2,14!23 I
Update Project Management Plan 3/14/19 314
Task 2.0 - Technology Maturation Plan 2/15/19 8/14/19 | 1
Finalize Technology Maturation Plan 8/14/19 8/14/19 + 8/14
4Task 3.0 - Production of high-purity calcite from  2/15/19 8/14/20 ! |
solid and liquid waste streams
Subtask 3.1 Feedstock characterizations 2/15/19 8/14/19 i I
Acquire physical and chemical characteristics of  8/14/19 8/14
|':"prr‘ﬁ—"|1?n?i\:r‘ -o0al ash and produced water
samples
Subtask 3.2 Aqueous-state carbonation of coal 8/15/19 8/14/20 i |
combustion bypreducts
Establish kinetic characterist f coal ash 8/14/20
dissolution and brine carbonation
Subtask 3.3 Carbonation of produced water 8/15/19 8/14/20 Ii |
through lon-exchange process
Establish kinetic characteri ion-exchange  8/14/20
and calcite precipitation
4Task 4.0 - Establishment of suitable approaches 8/15/20 10/14/21 1
to scalable production of high purity calcite
Subtask 4.1 Process development for aqueous 8/15/20 10/14/21 i
carbonation of coal ashes
Establish process parameters for the coal ash 10/14/21 10/14
carbonation process
Subtask 4.2 Process development for produced  8/15/20 10/14/21 [
water carbonation
Establish process parameters for the ion-exchange 10/14/21 10/14
pro
4Task 5.0 - Completion of Technical and Economic 8/15/20 6/30/22 !
Feasibility Study and Life Cycle Analysis
Subtask 5.1 — Technical and Economic Feasibility ' 8/15/20 6/30/22 I |
Subtask 5.2 — Life Cyele Analysis 8/15/20 6/30/22 I |
Establish and ¢ se 6/30/22 6/30
periormance cri
and the techno-economic
life eycle analysis (LCA)
Maximi e use of existing experiment 6/30/22 6/30
and rema imental testing t
rmany commercialization factors as possible
Task 6.0 - Laboratory-scale demonstration of 2/15/22 2/14/23 0
high-purity PCC production
Integrated system demonstration with simulated  2/14/23 2/14

flue gas
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