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Budget:

DOE contribution:

Year 1. $ 691,955
Year 2: $ 847,672
Year 3: $ 847,006
Total:  $2,386,633 (79%)

Cost Share Partners:

GE Energy: $ 420,000
Algenol Biofuels: $ 183,900
Southern Company: $ 33,147
Total: $ 637,047 (21%)

Total Budget: $3,023,680

Project Performance Dates i October 2011 to September 2014
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Key ldea:

Combine:
(1) state-of-the-art supported amine
adsorbents, with
(1) a new contactor tuned to
address specific weaknesses of
amine materials,

to yvield a novel process strategy
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Hollow Fiber Contactor:

Sorbent sites, supported by

porous fiber wall _
Cooling water

Adsorbate/Carrier sweep

Bundle of 40 fibers in a
1.56 modul
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RTSA Qualitative Cycle:
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Hollow Fiber Contactor:

Key Experimental Tasks:

1) Spinning of high solid content (50-66 volume%), flexible hollow fibers, using low
cost commercial polymers (e.g. cellulose acetate, Torlon®).

2) Incorporating amines into composite polymer/silica hollow fibers.

3) Building and demonstrating RTSA systems for CO, capture from simulated flue
gas.

4) Assessing the impact of operating conditions on deactivation via (i) oxidation, (ii)
SOx exposure, (iii) NOx exposure.

5) Constructing a barrier lumen layer in the fiber bore, allowing the fibers to act as a
shell-in-tube heat exchanger.

6) Demonstrating steady-state cycling of multi-fiber module with heating/cooling.
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Post-Spinning Infusion:

1) Spinning of high solid content (50-66 volume%), flexible hollow fibers
2) Incorporating amines into composite polymer/silica hollow fibers.
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SOx/NOx Experiments:

4) Assessing the impact of operating F. Rezaei et al., Industrial &
conditions on deactivation via (i) Engineering Chemistry Research,
oxidation, (i) SOx exposure, (iii) NOx 2013, 52, 12192-12201.
exposure.

F. Rezaei et al., Industrial &
-- conditions whereby oxidation via Engineering Chemistry Research,
residual oxygen in flue gas can be 2014, in press.
avoided identified

-- equilibrium and dynamic sorption
measurements of NO, NO,, SO,
completed

-- single component and
multicomponent sorption studies

SOx/NOx studies facilitated by support of Southern Company.
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SOx/NOx Experiments:

4) Assessing the impact of operating
conditions on deactivation via (i)
oxidation, (i) SOx exposure, (iii) NOx
exposure.

-- NO,, SO, adsorb strongly, but have
modest impact at low concentration

-- saturation capacity loss observed

-- high concentration of gases (200
ppm) cause significant capacity loss

-- deactivated fibers can be stripped of
amine and recharged in the field for full

capacity regenration
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Hollow Fiber Contactor as Heat Exchanqger:

5) Constructing a barrier lumen layer in the fiber bore, allowing the fibers to act as a
shell-in-tube heat exchanger.

Two approaches:

(i) Post-treatment: Flow of a polymeric, Neoprene ® latex and cross-linker through
fibers

Sample He permeance (GPU)
CA/Silica 72,200 (25 psi)
CA/Silica/Neoprene®/TSR-633 3.4

-- Large decrease in mass flux from bore to shell
with lumen layer = good barrier layer

Y. Labreche et al., ACS Applied Materials & Interfaces, 2014, submitted.
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Hollow Fiber Contactor as Heat Exchanqger:

5) Constructing a barrier lumen layer in the fiber bore, allowing the fibers to act as a
shell-in-tube heat exchanger.

Two approaches:

(i) Post-treatment: Flow of a polymeric, Neoprene ® latex and cross-linker through
fibers
- Disadvantage 17 fibers can become clogged by latex, requires careful
handling of latex

(i) Dual layer fiber spinning T spin the lumen layer when initial fiber formed

- Advantage T highly scalable synthesis when poly(amide-imide)
like Torlon® employed

- Main fiber: porous Torlon® containing 50-60 wt% silica;
Lumen layer: dense Torlon®; post-treatment with PDMS gives excellent
barrier properties
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Hollow Fiber Contactor as Heat Exchanqger:

Lab scale heat capture efficiency during
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Fiber Cycling I Model and Realistic Conditions:

6) Demonstrating steady-state cycling of multi-fiber module with heating/cooling.

| Hollow fiber .
| module T
I
T=35-150"C |} —m e i
: ; “Gas outlet| Mass spec =n, g | 36 inch
| f | d ' Hiber mod
Water Outlet

Flue gas composition: 35°C, 1 atm
~ 13% CO,, ~13% He (Inert tracer),
6% H,O, balance gas N,
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CO2 Sorption in Uncooled Generation 2 Fibers:
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Generation 3 Fibers:

Dynamic process modeling and system technoeconomic analysis suggest
there are several factors to lowering costs:

() Improved sorption capacities [pseudo-equilibrium (q,.),
breakthrough (q,), swing capacities (q.)]

(i) Improved process configuration allowing for enhanced heat
management without integrating with power plant
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Generation 3 Fibers:

Dynamic process modeling and system technoeconomic analysis suggest
there are several factors to lowering costs:

() Improved sorption capacities [pseudo-equilibrium (q,.),
breakthrough (q,), swing capacities (q.)]

(i) Improved process configuration allowing for enhanced heat
management without integrating with power plant

(mol/kg fiber) Ope dy, s
Generation 1 fibers: 1.1 0.5 0.30
Generation 2 fibers: 1.5 1.1 0.65
Generation 3 fibers: 2.0 1.3 0.75
Georgialnstitute (260% increase in g, In 2 years)
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Model Development (Single Gen 2 Fiber Modeling):
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Process Improvement from Modeling : Effect of Sorbent Size:
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A Model predicts increase in breakthrough

capacity due to decrease of mass transfer

resistance

A Smaller silica particles to be employed
experimentally.
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Hollow fiber schematic with different mass
transfer resistance components

Overall mass transfer resistance vs. sorbent:
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