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r We are here’

research creation model P 9

IN/AU Ex-situ CO, reactivity testing of cinder at high temperatures and pressures

ﬁm The Mafic Rock Resource Inventory (MMRI)

%‘ Direct Air Capture to Mineralization (DACM) systems model
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Mafic volcanism in Arizona

Geologically young mafic volcanic
fields have many eruptive centers
(cones) and lava flows

San Francisco Volcé?‘)ic Field

Image credit: Michael Collier



Cinder cones occupy <1 km?3

This StUdY’S Focus: Cinder cinder (scoria) is naturally fragmented,

vesicular, and glassy

_There are a minimum of 1,200 Quaternary cinder

cinder (scoria

S e . o

cinder cone

SP Crater: San Francisco Volcanic Field




A, Merriam Crater #1 . B. Merriam Crater #3

Sieved: 2000 micron Siewed: 2000 micron

C. Old Caves Crater #1
Sieved: 2000 micron

Preliminary studies:
Ex-situ Cinder CO,
Reactivity

Testing the efficacy of reacting

CO, with cinder at ambient
temperatures/ pressures

=

D. Merrlam Crater #1 Benchmark Mllled C|nder

Milled: 63 micron

7

I £l L PR
LA

Merriam Crater: San Francisco Volcanic Field

1. Mill then sieve to <63 micron powder

| | 2. React in a buffered aqueous solution of
Approximate sample locations 0.64 M NaHCO, supersaturated with CO,
o | from a soda stream
3. Low intensity reactions over severl weeks

e Image credit: Dale Nations - NAU




Preliminary StUdieS: - - - Theoretical carbonation
H igh IVI g & Fe Sa m p I es e M i ’ ‘ potential (g CO,/ g sample)

Benchmark: pure olivine from Peridot

Ideal is >10 wt% MgO o Mesa, San Carlos Volcanic Field, AZ
Powder XRF shows |
variable MgO, FeO, and 25.00

CaO composition in

20.00

unreacted samples <

=
15.00

benchmark milled cinder

B | 1000
5.00
0.00

MC2 MC3 MC4

Merriam Crater cinder samples



Preliminary studies: Reacted samples & produced
carbonate

Decomposition of MC2:32

Test how much carbonate was el I
produced through thermalgravimetric | T __ﬂgj o
analysis (TGA) s loss at £ B
500 , ,-and z s S
TGA shows FeCOj; (siderite) and = 800 o | &
MgCO, (dolomite) produced during . | degrees Celsius “““\{x
mineralization E Represents 20% | S |© ¢
of capture > TR E
% f capacity s
e
+ ¥ Fe carbonate decomposition t“:'“: : i
== Ca, Mg carbonate decomposition|| ! . = |.
. siderite, |dolonmite

e o 0O 100 200 300 400 500 600 700 BOO 900 1000
Reacted sample Temperature [°C]
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"'Theoretlcally, a O 5 Km3 crnder cone W|th a bulk rock densrty of
2.8 g/cm3 and an MgO average of 10 wt% would trap 11 wt% =
S 002 as MgC03 Th|s IS equwalent to 30 mllllon metrrc e

tons of CO2 per cone if onIy 20% of the Mg is reacted
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- n Prelimi : Ambient t t d
ThIS StUdy- reliminary: Ambient temperature and pressure |

Ex-situ mineralization
at high T&P

Benchmarked Direct Aqueous Mineralization [1]
* pH=6.5 (NaHCOg3 buffer)
« PCO2 =140 bar This study:
« T =185 degrees Celsius High temperature
* Time < 24 hours and
* Mineral size = 34-100 microns
+ Solid Loading: 15 wt%
» San Carlos olivine as benchmark

pressure

Objective: Maximize Reaction Extent, Accelerate @m.-“-;,
Kinetics, Minimize energy intensity with parameters:

me =]
« Water Load !l|i o |

« Water salinity ~

- PCO,and T P —

* Particle Size

[1] Environ. Sci. Technol. 2007, 41,7, 2587-2593
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Mafic Rock Resource Inventory

( ;

Published data
\
-

New 1:24K geologic
L mapping
p-
Cinder sampling/
L handheld XRF
)
Whole rock
geochemistry

N 4

Thin section analysis

Y

Porosity/permeability

Y

TGA/XRF/XRD/SEM

Y

Reaction kinetics

Y

Land use/
water chemistry

geochemistry
mapping

Cinder cone facies
Fill in data gaps

Grain size/crystallinity variations

Statewide sample database

Pre-reaction mineral ID and
abundance

Pre- and post reaction physical
properties

Post-reaction mineral ID

Parameters and reaction extent
Kinetics

Economize ex-situ reactions
Systems model development



Magmatic
Mapping:

Cones and flows
related to one
another by
chemistry &
ranked by olivine

Apache

W picritic basalt,scoria cone
~ picritic basalt lava flow
. olivine-pyroxene basalt,scoria cone
olivine-pyroxene basalt lava flow
" olivine basalt,scoria cone
olivine basalt lava flow
~travertine,<Null>




11111

Whole rock
geochemistry

Bulk rock major
element analysis

MgO >10% wt%
will guide sampling
strategy

N
A Datalfrom Mnich and Condit (20‘18)

Show Low

131

0.7

17.6

199
216
0.67
0.26

Scale: 1:125,000

A0 3 7

Kilometers

107.44
34132117
-109.881182
<0.01

priority 1

10.3
+10.86:2-3

,9.68 74
b +

@ [
PN

%,

L

e

R mzji
ﬁ 104




Mineral
chemistry

Mineral major
element analysis
contextualizes
reactivity rates
and products

109°50'W

. A e . a W W/\
OBJECTID 79 OBJECTID 130
Sample 216La. Sample 216Le.. N
Unit Qbb2 Unit Qbb2
Min Olivine M Plagioclase ¥,
Type Pust Type Latn e,
What Core What Avge | "3
M% 86 M% 66 :
M3% 4 M% 33 ’
M% 0 M% 2 \ J _
Si()2 39.8 Si02 49.9
Tio2 0 TiO2 nd
| |A203 0 Al20; [312
V203 nd V203 nd
Cr203 0 Cr203 nd
FeOQ |12 FeO 0.9
MnO 0.2 MnO nd
MgQO |4 MaO 0
Ca0 0.2 CaO 12.8
Na20 0 Na20 35
K20 nd 20 02
Total 99.3 Total 98.5
Fhnal/mins 14112 #Anal/mins |9/
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Map Site® (2161 Map Site® | 276L
W A b L DV




I ! 1 L L [ S DY DT SR T .. .S TR SR, ST TR S0 NI TRENE JUUE .- .- A ST SN DUV WO E VU S T T w i i L, leoao w
7, o ) ~ =
- S C N\ = \ A -
= he= & - i A ° g
P D = S ‘ B a5 ( r
- b | 8 [ . . ‘
\( O ,\" B ‘f}/\, - D¢ f ~ ’//A\L B L
e - e ‘ ) N | - S
! . e |
u A s [ ~ j )
- : \ v &
Owners I p \ / ; 0%
<« L 2%
904 \
] i f S
- 933

e [LJPN /
10:46 L B

Land ownership | / - | |
intersected with ~7 ] jg\f > Staté Trusf Land Pt oo (L
high priority ﬁ B T 7oy to:1 201 :11: ae
targets to inform o 0908 ‘ 111712 9.47

DU /951 10.9 7 ):
~ b - & - 9,59 11.07
: 10.67 (10:94

an economic L Apache Sltgreaves National Forest FSEL it 0.99 (533948 T 9:53 9,05
1/ ‘ S~ 9.02
model P

©9.959.09 9 L&k - LS 11.2 19.3% :
9.26 g ISV A2.4 ol
% ' . 10.36/ 9.94 991 “7
12.2— 9.61" 9,98 9.73 S s
L \ ‘ \ o= J b 5
9,49 . PN 29,77 521 on

11,5 10.5

o . ,10.3 . 2610 |
e ~ LA . 08238 W99 FRE’ 0 T9.19 |

11 9.83 /68 g AT

9.23

LD 9.72,9:63 : o e
9:58)9,74! 926 .06 9:55 ?
91 9.29 o \ :
: A eV
5 L0eE, ol 9:55 2 e
0a 15" P=9.094

1472 ot
9.1 o
99 11922 94 ¢ i {

White Mountain Apache Reservation ﬁﬁ = s M 2




Water
quality

Wells with total
dissolved solids
(TDS) data
appended for
systems model

S 5

Saline wa

* ADWR Water Wells
* Oil & Gas Exploration Wells
s 9
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Mafic Rock Resource Inventory

P

Published data
&
-

New 1:24K geologic
L mapping
p-
Cinder sampling/
L handheld XRF
)
Whole rock
geochemistry

N 4

Thin section analysis

Y

Porosity/permeability

Y

XRF/XRD/SEM

Y

Reaction kinetics

Y

Land use/
water chemistry

geochemistry
mapping

Cinder cone facies
Fill in data gaps

Grain size/crystallinity variations

Statewide sample database

Pre-reaction mineral ID and
abundance

Pre- and post reaction physical
properties

Post-reaction mineral ID

Parameters and reaction extent
Kinetics

Economize ex-situ reactions
Systems model development



Cinder mine at Sheep Hill, Flagstaff, AZ

San Francisco Volcanic Field Many cones are alrea dy m | rIEd

Cinder is mined throughout the state
for landscaping and road surfacing
material




Direct Air Capture to Mineralization Systems Model

DAC Mine, sieve, mill, react cinder on site
Mechanical

- §¢41 Trees capture
Pacs 1 T CO,/day

Renewable
Energy

CO, delivered in
bicarbonate brine
using saline
groundwater

Provide a quantifiable model that describes generic implementation
What amount of capital, equipment, energy, water, and disposal are required?
What are the environmental impacts?

Environmental Justice considerations?

What uses are there for the reacted material? % Arizona State
University



Summary

* Low intensity CO, reactions with
cinder produce iron carbonate and
dolomite; represents 20% of the
theoretical CO, capture capacity of
sample (prelim to Task 3).

* Equipment for high intensity
reactions is being procured (Task 1)

* MMRI is being developed in ArcGIS
synthesizing published data (Tasks

2 and 4)
_ Photomi h of
» DACM will leverage data from olivine crystals (bright

MMRI and reaction experiments colors) in picritic basalt

Cinder pit at a cone in Springerville
Volcanic Field




Next steps: Geologic mapping, sampling, and reacting!

lathompson@arizona.edu

at the University of Arizona

@adeoIogyﬁ;-ﬁf’ i A T Y blog.azgs.arizona.edu
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