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Re a ctive  Ca rbon Ca pture  Pla tform: Dua l Function Ma te ria ls
Dual function materials (DFMs)  are sorbent -catalyst combinations that can capture CO 2 from a point source or DAC and 
directly convert it into a value-added product.

Higher Temperature
(using renewable power)

The DFM process is a Power -to-X platform for converting renewable power into 
methane that is compatible with the current pipeline infrastructure.
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The  DAC-DFM Proce s s  for Re a c tive  Ca pture
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Objective: Lowe r the  cos t of DAC through de ve lopme nt of a dva nce d dua l-func tiona l ma te ria ls  (DFM) 
a nd produc tion of re ne wa ble  na tura l ga s  (RNG) from CO2

Two Step Process Cycle

Step 1: Adsorb CO2 from a ir onto DFM 
a t a mbie nt conditions

Step 2: Add re ne wa ble  H2 a nd he a t to 
re ge ne ra te  the  sorbe nt to 
dire c tly produce  me tha ne

Ove ra ll Re a ction
CO2 + 4H2 = CH4 + 2H2O

This  is  a  Power -to-Gas te chnology us ing a tmosphe ric  CO2.

AIR CO2-LEAN AIR

H2
CH4 + H2O

Ambie nt

200 – 300°C



Pha s e  I Achieve me nts : DFM Formula tion Ru + Na  s orbe nt
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Thermal gravimetric analysis: Ads orption @ 25°C on 1% 
Ru, 10% s orbe nt/Al2O3 gra nule s  with 375 ppm CO2/a ir

1% Ru, 10% Na 2O/Al2O3 (gre e n) s hows  the  
highest  CO2 ca pture  ca pa city (~3 wt.%).

Additional insight : Ru e nha nce s  CO2 ca pture  
ca pa city of s orbe nt (s olid v. dotte d line s ).

Jeong-Potter, et al. Industrial & Engineering Chemistry Research. 2022. DOI:10.1021/acs.iecr.2c00364
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Jeong-Potter, et al. Applied Catalysis B: Environmental. 2022. DOI:10.1016/j.apcatb.2021.120990
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Additional insight : Ru e nha nce s  CO2 ca pture  
ca pa city of s orbe nt (s olid v. dotte d line s ).
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Concept Feasibility in Lab -Scale Reactor
1% Ru, 10% Na 2O/Al2O3 gra nule s

Avg. CO2 
Captured

Avg. CH4 
Produced

1300 µmol/gDFM 1040 µmol/gDFM Jeong-Potter, et al. Applied Catalysis B: Environmental. 2022. DOI:10.1016/j.apcatb.2021.120990

DRY AVG



Our SMA integrates the heating layer, sorbent, catalyst, 
s upport a nd monolith s ubs tra te . Key advantages: 

 Increases productivity by e na bling fa s t CO2 
a ds orption a nd fa s t conve rs ion

 Lowers the energy utilization by re ducing 
pre s s ure  drop during a ds orption a nd e ne rgy 
los s e s  during me tha na tion

 Rapidly heats be twe e n a ds orption a nd 
conve rs ion

 Powered by low -carbon electricity for 
ma ximum conve rs ion e ffic ie ncy

Pha s e  II: Ele c trifica tion via  Struc ture d Ma te ria l As s e mbly (SMA)
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Dua l Function 
Ma te ria l (DFM)
La ye r

Ta ilore d 
He a ting La ye r

Cordie rite  
Monolith
Subs tra te

Be fore  wa s hcoa ting Afte r wa s hcoa ting



Pha s e  II: DFM Monolith Showe d Long-Te rm Sta bility >100 Cycle s
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4.5 wt % CO2

90% RH
(relative humidity)

28% 90% 0% 90%

CO2 ca pa city returns to 4.5 wt.% a fte r expose d to 
extre me  c lima te  conditions  ove r 100+ cycle s .

CO2 ca pture  is  enhanced  with highe r mois ture  
conte nt in the  fe e d

Abdallah, et al. Applied Catalysis B: Environmental. 2023. DOI:10.1016/j.apcatb.2023.123105



Pha s e  II: De mons tra te d J oule  He a te d DFM Cycle s
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Additiona l s c re e ning te s ts  showe d ove r 
70% conve rs ion of CO2 to CH4 during 

300+ hours  of continuous  te s ting

Re lia ble , cyc lic  CO2 
conve rs ion is  

a chie ve d us ing the  
DFM SMA with 

J oule  he a ting la ye r



Sta te  of Te chnology & Obje c tive s  of Pha s e  IIA

0.5 g CO2/da y
TRL - 2

300 g CO2/da y
TRL - 4

Integrated Bench 
Testing

Pilot 
Demonstration

Demonstration  
PlantLaboratory Testing Bench Component 

Testing

0.3 - 1 kg CO2/da y
TRL - 5

1 t. CO2/da y
TRL-8/9

Development 
of DFM 

washcoated 
monolith

DFM with cyclic 
direct electric 

heated methanation

Fully integrated DAC-DFM 
unit demonstrated for 

continuous RNG 
production

50 kg CO2/da y
TRL - 7

2020 - 2021 2021 - 2023 2023 – 2025 2025 & beyond

Technology package 
ready for commercial 

investment

ONGOINGCOMPLETED COMPLETED
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Phase IIAPhase I Phase II
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Phase IIAPhase I Phase II

1. De-risk  te chnology s ca le  up through 
long-te rm be nch te s ting unde r 
re pre se nta tive  conditions

2. Use  be nch da ta  to develop high -
level process design  for 50 kg/da y 
pilot sys te m

3.  Pe rform TEA a nd LCA 

4. De ve lop commercialization plan for 
ne xt s ca le  de ve lopme nt a nd 
de ployme nt
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Conce ptua l Proce s s  De s ign

Hydrogen 
separation

DAC-DFM Units

RNG 
Compression

Pipeline

Air: 230,000 tpd
CO2: 140 tpd 

Hydrogen
feed makeup
25 tpd

CH4
H2
H2O

Hydrogen recycle

CO2 lean air

CH4
H2O

H2O 
ElectrolysisH2O: 275 tpd

Renewable Power

H2: 25 tpd

H2

54 MW41 MW

CH4

50 tpd

Ba s is : 50 tons  RNG pe r da y



>90% conversion to CH 4 achieved using 
electrical heating platform (SMA)

Sta ble  DFM Inte gra te d with Improve d Re s is tive  Ca rbon
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Sta bility of he a ting la ye r re s is ta nce  is  
improve d with the  ne w ca rbon synthe s is  

me thod.

Firs t ge ne ra tion 
he a ting la ye r

Improve d he a ting 
la ye r



Be nch Unit Ove rview & Key Compone nts
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Re a l
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DFM Re a c tor Produc t Ga s  Conditioning
& Ana lys is

Ga s  supply
Ma ss  flow controlle rs

Va lve s
Ste a m ge ne ra tor

Re a c tor Ve s se l
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Wa te r knockout
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Hydroge n
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Be nch DFM Unit is  Fully Commis s ione d
Reactor HMI displays the current system state, allows 

manual operation, and monitoring and intervention during 
automated cycling.
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Bench reactor

• Up to 300 g CO2 captured & converted per day

• Includes Joule heating functionality for cyclic temperature swing

• Concept for pre-commercial scale



Commis s ioning the  Be nch Unit with a n Unoptimize d DFM Brick

Sample specifications:
5.25” diameter x 2.83” length
0.31 wt.% Ru & 15.15 wt.% Na2CO3
1.75 g/in3 washcoat loading

Air flow rate 
[WHSV] Air H2 flow rate

[WHSV]

Target heating 
rate & 

methanation 
temperature

100 SLPM
[74 hr-1]

Humid
(~2% H2O)

1000 sccm
[0.75 hr-1] 30°C/min, 300°C
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Uncoated and coated monoliths

After successful commissioning, we are 
optimizing the DFM brick and 

operating conditions.



Impa ct of H2 Flow Ra te  on CO2 Conve rs ion

500 
sccm

1000 
sccm
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Impa ct of H2 Flow Ra te  on CO2 Conve rs ion

500 
sccm

1000 
sccm
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Conve rs ion furthe r improve s  by 
s horte ning the  dura tion of ca pture  s te p



Le s s ons  Le a rne d
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1. CO2 ca n be  ca pture d a nd conve rte d into me tha ne  in a  s ingle  re a c tor.

2. Ele c tric  he a ting wa s  succe s s fully de mons tra te d to provide  the  he a t for te mpe ra ture  swing a nd 
me tha na tion light-off.

3. Proce s s  de s ign deve lope d for a  comme rcia l e mbodime nt.

4. Robus t DFM compos itions  succe s s fully coa te d on a  comme rcia l monolith.

5. Me cha nica l de s ign for long-te rm ope ra tion is  be ing deve lope d.

6. Low-cos t, ca rbon-fre e  hydroge n is  c ritica l for comme rcia l via bility of this  te chnology.

7. Me tha ne  produce d from the  proce s s  ca n be  de s igna te d a s  re newa ble  na tura l ga s  (RNG), a nd 
ince ntive s  such a s  LCFS a nd 45Q cre dits  will promote  its  e a rly a doption.



1. Conduct long-te rm be nch-sca le  te s ting

• Pa ra me tric  te s ting to optimize  ope ra ting conditions  a nd productivity

2. Re fine  a nd va lida te  the  curre nt proce s s  mode l

3. De ve lop a  proce s s  de s ign a nd te chnology pa cka ge

4. Pe rform te chno-e conomic a s se s sme nt (TEA) a nd life  cyc le  a na lys is  (LCA)

5. De ve lop Bus ine s s /Comme rcia liza tion pla n

Budge t Pe riod 2: Pla nne d Work
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