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Abstract

In this work, we aimed to design, build, and evaluate an oxygen separation system to provide an
inert sweep gas with low oxygen partial pressure (poz) to redox-active thermochemical energy
conversion reactors for a range of applications, including two-step redox cycles for
thermochemical energy storage, water splitting, and carbon-dioxide splitting. The separation is
based on an oxygen-selective sorbent, YBaCo4O7.5 (YBCI114), which has excellent oxygen
sorption and desorption properties demonstrated in our previous work. The oxygen separation
performance of YBC114 was comprehensively studied by thermogravimetric analysis, sorption
breakthrough experiments, and temperature swing sorption - desorption cycles. The results
reveal that YBC114 can produce inert sweep gas with an oxygen concentration of less than 100
ppmv for at least 20 minutes during the thermal swing adsorption (TSA) cycle with the current
sorption bed configuration, and the performance is consistent from cycle to cycle. The optimal
sorption and desorption temperatures for the TSA process with YBC114 are determined to be
300°C and 500°C, respectively. Although challenges remain for the current separation system
(e.g., high sorption temperature and slow kinetics), this study demonstrates the potential to use
the oxygen-selective sorbent to produce an inert sweep gas, the feasibility of the oxygen
separation concept, and guides new sorbent material development to make this application
economically practical. A simple procedure is described for designing the YBC114 oxygen

separation process.

Keywords: YBC114, Oxygen separation, TSA, energy storage systems
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1. Introduction

The increasing worldwide energy demand and global climate concerns necessitate technologies
for producing renewable energy, such as concentrating solar power (CSP)!. On-demand
electricity dispatchability, using an intermittent solar resource requires energy storage, such as
thermochemical energy storage (TCES), such as storing energy in hot, reduced redox-active
metal oxides>™. TCES enables both significantly higher temperatures than current state-of-the-
art CSP storage systems (e.g., molten salt storage)>®, and higher energy storage density, owing to
the combined sensible and chemical storage’. High-temperature operation enables the use of
high-efficiency power cycles. A storage scheme with higher power cycle efficiency and higher
energy density could both decrease the cost of solar-derived electricity, and its value when

dispatched on demand.

A key technical challenge and ongoing task in the practical implementation of redox-active metal
oxide TCES is to create and maintain a low oxygen partial pressure (po2) during the charging
step, which consists of heating and thermal reduction (TR). Low po2 increases the reduction
extent of the storage material for a given TR temperature. To lower the po2, current approaches
use an inert sweep gas (ISG) or vacuum pumping. However, both approaches are energy-
intensive and require large capital cost®'!. Oxygen separation is an attractive alternative for ISG
purification due to its relatively low cost, flexible operation, and efficient regeneration'?. Oxygen
can be separated from the TR sweep gas (typically a mixture containing N> and O2) with an
oxygen-selective sorbent to produce ISG for TCES reactors. Ideally, the sorption and desorption
(sorbent regeneration) can operate cyclically with multiple beds, so that the desired oxygen-

depleted product gas is substantially continuous.
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Oxygen-selective sorbent materials have been studied experimentally in previous work, such as
Co08, silver salts'3, zeolites X'“!15, and perovskites (SrFeOs5'%, CaCoxZri O35,
Lao.1Sr09C009Fe0.103-5'%). However, these materials have drawbacks: chemical instability,
unacceptable adsorption properties, and/or high cost due to high temperatures for oxygen uptake
and regeneration, limiting their suitability for the current oxygen separation application'®. As a
step toward the goal of low temperature and satisfactory oxygen sorption performance, we
evaluated an oxygen ion conductor YBaCo4O7.5 (YBC114) for the oxygen separation application,
due to its excellent oxygen uptake and release performance, and relatively low operating
temperatures. YBC114 was initially reported by Valldor et al. in 2002'°, and has been studied for
several potential applications such as oxygen storage material®’, oxygen sensor?!, and robust
catalysts for H>O» oxidation?? and soot oxidation?. Due to its unique oxygen storage property,
YBC114 has an infinitely large oxygen selectivity over nitrogen or other non-oxygen species.
YBC114, for which we have data from our previous work?*, is capable of capturing O, within a
narrow temperature range from 275 to 325°C and desorbing most of O, at a temperature higher
than 400°C, due to its special crystal structure and the changeable valence of its Co ions. The
sorption and regeneration temperatures are both much lower than other perovskites or redox-
active metal oxides>>?°, The equation below shows the reaction for sorption and desorption of O

on YBC114:

1 1 1
EYBaCo4O7 + 502 o EYBaCo4O7+5 (1)

The sorbent material also shows consistent sorption and desorption performance during cycles,

thus ideal for the temperature swing adsorption (TSA) process.
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YBC114 is not without challenges. The oxygen separation process with YBC114 relies on the
bulk transport of oxygen, which typically limits oxygen uptake rates. To address the challenge,
Ermanoski and Stechel have proposed a chemisorption-based approach?’. In this concept, the
entirety of the oxygen adsorption occurs on a sorbent surface, at or around ambient temperatures.
Desorption (activation) of the sorbent occurs at ~250-350°C. While exploring the desirable high
surface area adsorbents for oxygen chemisorption, YBC114 is still an excellent baseline material
for the conceptual design and preliminary performance testing of the oxygen separation system
due to its known oxygen sorption properties. To address the kinetic limitations common in
oxygen 1on conductors, we prepared YBC114 with a sol-gel method (for smaller particle size)
because the previous work?* showed that the particle size has a significant effect on the oxygen
sorption kinetics of YBC114. We initially studied the oxygen sorption and desorption properties
of YBC114 with thermogravimetric analysis (TGA). We then designed and assembled an oxygen
separation prototype with YBC114, and tested oxygen sorption performance with breakthrough

and TSA experiments.

In the following sections, we will first describe the experimental methodology in Section 2,
followed by the design of the oxygen separation system and preliminary performance testing

results and discussion in Section 3. A conclusion is then drawn in the last section.

2. Experimental

The experimental section begins with the synthesis methods for YBC114. It will then illustrate
the procedures of a series of experiments to test the oxygen sorption performance of YBC114 via

TGA, fixed bed breakthrough experiments, and TSA operation.
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2.1 Synthesis of YBC114

The YBC114 sample was synthesized with an ethylenediaminetetraacetic acid (EDTA) sol-gel
method. Firstly, stoichiometric amounts of Y203 (Alfa Aesar, 99.995%), Ba(NO3)2 (Acros
Organics, 99+%), Co(NO3)2:6H>0 (Sigma-Aldrich, 99+%) were mixed and dissolved in excess
HNO3 solution (Acros Organics, 68-70%), followed by the addition of EDTA (Honeywell,
99+%). The molar ratio of EDTA and all the metal ions (M*) is 1.5:1. The solution was then
neutralized with NH3-H>O (Thomas Scientific, 28% in water) until the pH of the solution was
about 8. The solution was dried at a heating plate with stirring until it self-burned to fluffy ashes.
The ashes were transferred to a muffle furnace and calcined at 1000°C in the air for 10 hours.

After sintering, the resulting samples were cooled back to room temperature rapidly and milled.

2.2  Thermogravimetric measurement

A thermogravimetric analyzer (TGA, Netzsch TG 209 F1 Libra) was used to investigate the
oxygen uptake and release characteristics. The mass of the sample for each measurement was 20-
50 mg. All the samples were fully reduced at 400°C in 20 ml/min nitrogen flow for 2 hours
before the measurements. The measurements were performed in a mixed gas flow of oxygen
(Matheson, UHP) and nitrogen (Matheson, UHP). The po> was controlled by adjusting the ratio

of oxygen and nitrogen in the mixed gas flow.

2.3  Breakthrough experiments

Figure 1 shows the schematic of the oxygen separation test prototype. We firstly prepared a
sorption column packed with 20 g of YBC114 and 180 g of inert packing material (silica grain)
and completed gas connections that allow counter-current gas flows for sorption and desorption.

During the sorption step, a mixture of N2 and Oz flows through the sorption column by opening
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V1 and V2. While in desorption, we switch to a counter-current purge gas flow by opening V3
and V4. A tube furnace controls the temperatures during sorption and desorption (Thermo
Scientific Lindberg/Blue M). The oxygen concentration of the outlet stream for both sorption and
desorption is measured and recorded by an oxygen analyzer (AIl GPR-1500 GB) that has

multiple ranges from 0-10 ppmv to 0-25% for flexible measurements.

Oxygen analyzer

h@n- Tube Furnace Purge gas

V3

Figure 1. Schematic of the O2 separation test prototype

24  TSA operation

For the TSA operation, we used the same oxygen separation prototype that was introduced
previously. We first regenerate the sorption bed with N2 for 24 hours, to remove the initial
adsorbed O: content in the particles. We then start running the TSA cycles that include sorption,
heating, desorption, and cooling. The operating procedures and conditions of each step in the

TSA process are illustrated in Table 1.

Table 1. Operation procedure and conditions for TSA cycles

Step Valve Feed gas Column temperature
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Sorption Vi, V2 0+ N2 275-325 °C
Heating \% from 275-325 °C to 400-500 °C
Desorption Vi, Vyu N>, counter- 400-500 °C
current
Cooling V4 from 400-500 °C to 275-325 °C
3. Results and discussion

To ensure the oxygen separation system is feasible and economical, a conceptual design of the
oxygen separation system was first developed. Figure 2 shows the process flow diagram (PFD)
of the oxygen separation design. The inlet of the sorption column connects to oxygen and inert
gas, which mixes to mimic the reduction sweep gas coming out from the reduction reactor and
other application systems. The feed gas flows through the sorption column for oxygen sorption
and produces an ISG with low po2. We will include an inline gas heater to heat the feed stream
before entering the sorption column, as well as a cooler to cool down the outlet stream for the
protection of measurement components. For desorption, the sorbent material regenerates with a
purge gas (e.g. air) at a higher temperature and is ready for sorption again. We can repeatedly

change the temperatures of the sorbents for sorption-desorption cycles, which is a TSA operation.
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Figure 2. Process flow diagram of the O separation design

The four-step TSA process includes sorption, heating, counter-current desorption, and cooling.
Ideally, the TSA process would be carried out in a sorption system containing multiple sorption
units in parallel, where one unit can be in sorption operation while other units are undergoing
heating, desorption, or cooling. The sorption/desorption cycle is repeatedly carried out in a

manner such that the production of the desired oxygen-depleted product is effectively continuous.

The properties we used for the adsorber design calculation include sorbent densities, void
fractions, sorption isotherms, kinetics, and fixed bed dynamics. Since the system is intended to
operate in TSA mode, we also did heat transfer modeling and optimized the column dimensions
to minimize the thermal resistance from the heating source to the sorbent material. We
performed a 1-D transient heat transfer calculation on the radial direction of the sorption bed, and
the modeling equation is as follows.

dT _ k (9°T @
dt  cp\0x2

Where T is temperature, t is time, k is thermal conductivity, c is heat capacity, p is density, and x
is the radial distance from the center of the pipe. Figure 3 shows the transient temperature

9



167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

profiles during the heating and cooling steps (assuming forced air cooling) of a TSA cycle. The
sorption and desorption temperatures are assumed to be 275 and 400°C. One can observe the
major thermal resistance lies in the sorbent layer because the temperature difference in the pipe
wall layer is insignificant. The overall sorption system can complete heating within 3 minutes,

and cooling within 20 minutes.

t=3 min
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— t=0min
375 o 375 4
t=2min t=1mi
o 5 =1 min
2 350 4 = 3504
I L
I 2 )
% ® t=5min
g 325 | L 3254
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[F] (¥}
[ . =
300 4 Sorbent Pipe wall 200 4
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275 275 - :
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—r 7 —rrTT—7
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Radial distance, x (cm) Radial distance, x (cm)

Figure 3. Temperature profiles during (a) heating and (b) cooling of the sorption bed

The baseline sorbent material used in the oxygen separation process is YBC114. To assess the
oxygen sorption isotherms of YBC114 at different temperatures, we conducted the isotherm
measurements at various po2s with TGA at 275, 300, and 325°C. We developed a Langmuir-like
isotherm model (Sips model) to fit the experimental isotherm data for future process simulation.

The equation of the isotherm model is as follows:

bpo,™

_— 3
1+ bpp,™ 3

q = Qsat

Where q is the uptake amount, qsa 1S the saturation uptake amount, b and n are isotherm

constants. Values of gsa, b, and n are determined with a non-linear regression model based on the

10
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experimental isotherm data at different temperatures and summarized in Table 1. Figure 4 shows
a comparison between the experimental and simulated isotherm curves. One can observe that the
Sips model has an excellent fit to the experimental isotherm data, even for the low po2 range that
is more applicable to the existing energy storage applications. Overall, YBC114 shows the
highest oxygen sorption capacities at 275°C, albeit quite close to 300°C when po2 approached

100 kPa.

Table 2. Sips model parameters for oxygen sorption on YBC114

T (°C) 275 300 325
(sqr (mmol/g) 1.12 1.07 0.38
b (kPa™) 0.142 0.047 0.110
n 0.87 1.20 0.99
:"- 1.0+
°
£ 0.8
£
E 0.6
Q
£ 04/
=} =
[i}]
2021 E 0 - 0
5 = Exp@275°C Sim@275°C
5 + Exp@300°C —— Sim@300°C
< 0.0 s Exp@325°C —— Sim@325°C

0 20 40 60 80 100
Pressure (kPa)

Figure 4. Experimental sorption isotherms and Sips fit of YBC114

11
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To roughly estimate the working capacities in the TSA process, we repeated the isotherm
measurement at 400°C (potential desorption temperature) and compared it with the isotherm
profile at 275°C, as Figure 5 shows. The oxygen non-stoichiometry () represents the amount of
oxygen sorbed, which is the number of additional oxygen atoms per unit formula of YBC114.
The working capacity between 275 and 400°C, at a poz2 of 21 kPa, is 0.45 mol O2/mol YBC114
(6 = 0.9). The capacity is found to be higher than most reported oxygen-selective material like
LSCF group perovskites (6 = 0.2-0.4)?8-39, SCF group perovskites (6 = 0.4-0.5)*!-33, and zeolite
X (0.1-0.2 mmol/g, < 0.1 if converts to 8)'4, which is favorable. Figure 6 shows the temperature
and mass change profiles of TSA cycles between 275 and 400°C evaluated with TGA. One can
observe that YBC114 shows good cyclability for 10 TSA cycles, as we do not see any
performance loss from cycle to cycle regarding the oxygen sorption performance of the material.
YBC114 is therefore an excellent baseline sorbent material to be studied for the TSA process for

oxygen separation.

12
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209

210  After the design of the oxygen separation system and initial characterization of the material, we
211  assembled an oxygen separation lab prototype (Figure 1) for preliminary performance testing.
212 The lab prototype is a simplified version of the conceptual design, but sufficient for preliminary
213 sorption evaluations on the sorbent material. Before starting the oxygen sorption experiments in
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the packed column, it is necessary to understand the role of pressure drop under various flow
conditions. A common concern when using small particles is the large column pressure drop that
could reduce process performance. To mitigate the potential risk of a high pressure drop, we mix

the sorbent material (particle size = 50-100 v m) with inert packing material (particle size = 1

mm) that has a larger particle size and then load the particle mixture to the sorption column.
Compared with the conventional separately packing method that locates sorbents in the middle
and inert material on the sides, the mixed packing method reduces the pressure drop to almost

one-eighth as shown in Figure 7. The values presented in this figure are experimentally measured.

oo

—=— Separately packed
—e— Mixed packed

\\.

(o2}
.
\\

Pressure drop (kPa)
N B

/

o o/'/.

o

04102 1 2 10 20 100200
Flow rate of the inlet gas (ml/min)

Figure 7. Pressure drop of the sorption column with two packing methods

After completion of the material packing and component connections, we start the oxygen
sorption breakthrough experiments with YBC114. The main performance characteristics we
focus on during breakthrough experiments is the outlet oxygen concentration profile of sorption
and desorption. A breakthrough occurs when the outlet oxygen concentration has a significant
increase during the sorption step (e.g., we defined a breakthrough that occurred when the outlet

oxygen concentration reached 100 ppmv). The shape of the breakthrough curve contains

14
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information about the mass transfer properties of the sorption system. We can also determine the
working capacity of the sorbent material for a dynamic sorption process by integrating the
breakthrough data. Figure 8 shows the oxygen sorption breakthrough curves at 275, 300, and
325°C with 1% oxygen mixture. The results show that YBC114 produces an ISG for about 10
minutes at 275 and 325°C, and 20 minutes at 300°C. We found 300°C to be the optimum
sorption temperature since it has the longest duration for producing an ISG. From our previous
TGA characterizations**, YBC114 has a larger oxygen sorption capacity at 275°C and a faster
oxygen sorption rate at 300°C. Combined capacity and kinetics can account for the improved
process performance at 300°C. We also performed breakthrough simulations with the isotherm

data obtained from TGA characterizations and inferred mass transfer coefficients from sorption

breakthrough measurements. The simulated results match the experimental data well.

10000 -

1000-

100

O, ppmv in the outlet stream

Exp@275°C —— Sim@275°C
Exp@300°C —— Sim@300°C
Exp@325°C —— Sim@325°C

o

>

20 40 60 80 100 120 140 160

Time (min)

Figure 8. Experimental and simulated O> Sorption breakthrough curve
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245 To study the effect of desorption temperature, we performed three consecutive sorption-
246  desorption cycles with identical sorption conditions but different desorption temperatures from
247 400 to 500°C. As shown in Figure 9, the desorption profile at 500°C has a narrower and higher
248  peak than the first two cycles, which indicates a faster desorption rate. Desorption kinetics is
249  crucial for the overall efficiency of producing ISG with TSA cycles since fast desorption
250  shortens the minimum duration required for desorption in each cycle. 500°C is therefore the
251  preferred desorption temperature in this scenario. Certainly, desorption at higher temperatures
252 can further shorten the desorption step duration. Higher desorption temperatures require more
253  thermal energy consumption and a longer duration for heating and cooling steps. An optimum
254  desorption temperature can only be obtained by process optimization with specific optimization

255  targets (minimal capital investment, least energy consumption, etc.).

10000 500°C

450°C
400°C

S0 J SR NSPS WEN A SNSRI H—

O, ppmv in the outlet stream

L N ————_ee

T T T
0 80 160 240 320

256 Time (min)
257 Figure 9. Desorption profiles of YBC114 at varying desorption temperatures

258

259  To fully assess the effect of other operating variables except for temperatures (such as po2 and

260 flow rate) on process performance, we performed a series of breakthrough experiments with

16
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varying oxygen concentrations or flow rates. The sorption and desorption temperatures are fixed
at 300°C and 500°C, respectively. Table 2 summarizes oxygen sorption performance at different
pozs or flow rates. We measured the static capacity in previous TGA characterizations, and we
obtained the dynamic capacity from the oxygen sorption breakthrough experiments. We also
estimated the mass transfer coefficients for different po2s with a linear driving force (LDF)
model that typically has a good kinetics prediction of cyclic sorption systems. The equation of

the LDF model is as follows:

aq

E = k(qsat - Q) (4)

Where k is a lumped mass transfer coefficient that includes all the mass transfer mechanisms
during fixed-bed sorption, and s 1s the saturation uptake amount that is determined from the
isotherm model. As evident in the table, both capacities and mass transfer coefficients increase
with po2, while the breakthrough time decreases with po2. As for the effect of flow rate, the
sorption capacity inferred from breakthrough data at different flow rates are close, and all of
them are less than the static oxygen capacity, which would be expected due to the existence of a
mass transfer zone in the fixed bed. The breakthrough time and pressure drop also show

reasonable correlations with the flow rate as the trend is within our expectations.

Table 3. Summary of O> sorption performance of YBC114 at different po2s or flow rates

Effect of po: (flow rate = 100 ml/min, superficial velocity = 27.32 cm/min)
0))
Static Oz capacity Dynamic O; capacity Breakthrough Mass transfer
concentration
(mol O/mol YBC114) | (mol O/mol YBC114) time (min) coefficient (1/s)
(%)
1 0.075 0.055 42 0.02

17
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5 0.32 0.24 35 0.17

10 0.48 0.35 24 0.25

30 0.85 0.46 11 0.44

Effect of flow rate (O2 concentration = 10%)

Flow rate Static Oz capacity Dynamic O; capacity Breakthrough Pressure drop
(ml/min) (mol O/mol YBC114) | (mol O/mol YBC114) time (min) (kPa)

50 0.34 50 4.2

100 0.48 0.35 23 9.4

200 0.37 11 20.1

To further investigate the performance of the oxygen separation unit with YBC114, we
performed a TSA operation with the same setup used in the breakthrough experiments. In this
process, we first regenerate the sorption bed with N> at 500°C for 24 hours, to remove the initial
sorbed oxygen content in the particles. We then cool the temperature to 275°C for sorption,
switch the flow to a mixture of N> and O; with a po2 of 10 kPa (i.e., 10% O>). For the next cycle,
we repeat the TSA between 300 and 500°C for sorption and desorption. Figure 10 shows the
oxygen concentration profile for the first three cycles. Each cycle takes two hours, which
includes 20 minutes sorption, 20 minutes heating, 40 minutes desorption, and 40 minutes cooling.
The key parameter of interest here is the duration for producing an ISG that has an oxygen
concentration lower than 100 ppmv in the sorption step in each cycle. As evident in the plot, the
O concentration during the whole sorption step during the three cycles (shown as valleys of the
curve) is less than 100 ppmv (equivalent to an inert concentration > 99.99%) without an obvious
increase from cycle to cycle. The TSA results are consistent with previous breakthrough
measurements. The purity of the ISG product is much higher than most conventional vacuum
pressure swing adsorption (VPSA) processes for oxygen removal with zeolite materials, which

18
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typically produce nitrogen with a purity of 95-99.5%%-3¢ (albeit ultra-high purity might be

achievable with much higher energy cost due to the deep vacuum).
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—
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Figure 10. O; concentration profile during TSA cycles at sorption temperature of 300°C

We performed process simulations to simulate the TSA operation between 300°C and 500°C
with a feed mixture containing 1% or 10% oxygen. The simulation model is based on the
isotherm data obtained from the TGA characterizations and the mass transfer coefficients
inferred from sorption breakthrough measurements. The TSA process is simulated for 20 cycles
to verify if it reached a cyclic steady state. As shown in Figure 11, the oxygen concentration
profiles under both feed conditions (1% and 10% oxygen) were reasonably consistent from cycle
to cycle showing a similar trend. When we compare the peak values of each cyclic oxygen
concentration curve, we find they initially decrease and gradually stabilize. For example, the
decreasing rate during the first five cycles is in a range of 1-2%. For the last five cycles (i.e.,
cycles 16-20), the decreasing rate reduces to less than 0.2%; hence, the TSA process has reached

the cyclic steady state.
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313 Figure 12. Summary of YBC114 O adsorption process design equations (a) effect of O
314 concentration on working capacity; (b) effect of O» concentration on adsorption breakthrough
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time; (c) effect of superficial velocity on adsorption breakthrough time; (d) effect of

superficial velocity on pressure drop.

From the design data (Table 2), we have developed four design equations for the YBC114 based
oxygen separation system, which Figure 12 shows. The design for the YBC114 O, separation
system involves the following steps: (1) calculate adsorbent working capacity from the oxygen
feed concentration by using Figure 12(a); (2) determine adsorption breakthrough time using both
Figure 12 (b) and Figure 12 (c), and the smaller value is selected; (3) calculate the sorbent
(YBC114) mass requirement by a simple mass balance equation assuming the YBC114 sorbent
captures all oxygen in the feed gas stream. Because the experiments were conducted with 20%
YBC114 powder (100 pm particle size) mixed with 80% silica beads (1 mm) to avoid an
excessive pressure drop, the mass of silica beads can be determined; (4) calculate the sorbent
volume by dividing the sorbent mass with packing density of the mixed adsorbent. (5) determine
the sorption configuration after selecting the sorption step's superficial velocity. Also calculate
the sorption inner diameter, sorbent packing height, and sorption mass; (6) determine the
pressure drop for the actual adsorber configuration using Figure 12(d); (7) calculate the moles of
oxygen atoms sorbed by the sorbent. Although the adsorption cycle has been optimized for
different operating conditions, Figure 13 shows our suggested configuration and that is to use a
4-bed thermal swing adsorption system to perform the YBC114 O; separation. The 4-bed system
enables a direct heat exchange between the heating and cooling gas streams at the same time
without using gas storage tanks; (8) given the adsorption system, calculate the energy

consumption for overcoming the pressure drops, replenishing the heat of adsorption and thermal
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energy loss during the heat-exchange. The entire design process can be carried out in MATLAB

by programming all the equations and calculation steps in a MATLAB function m-file.

4-Bed System
Step Bed - 1 Bed - 2 Bed -3 Bed -4
Duration
0-1 Adsorption | Heating | Desorption | Cooling
1-2 Heating | Desorption | Cooling | Adsorption
2-3 Desorption | Cooling | Adsorption | Heating
3-4 Cooling | Adsorption | Heating | Desorption

Figure 13. Cyclic step arrangement for 4-bed thermal swing adsorption system

4. Conclusion

An oxygen separation system was designed to produce an ISG with low po2 via the TSA process.
The performance of the oxygen separation system was evaluated with the baseline material,
YBC114, which has a large oxygen uptake capacity in a medium temperature range. YBC114
shows good cyclability with decent oxygen working capacity (0.45 mol O2/mol YBC114) from
TGA characterizations. With the oxygen separation lab prototype, we identified that the optimal
sorption and desorption temperatures for the TSA process with YBC114 are 300°C and 500°C,
respectively. The effects of oxygen concentration and gas flow rate on the oxygen sorption
performance were also assessed to design and optimize the operational parameters of the TSA
process. We also demonstrated that YBC114 can produce an ISG with an oxygen concentration
less than 100 ppmv for at least 20 minutes during a TSA cycle (for the given configuration), and

the performance is consistent from cycle to cycle.
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Overall, the results from preliminary performance testing of the oxygen separation prototype
with YBC114 are satisfactory and within our expectations. The results have shown the potential
to use YBC114 as the sorbent to produce an ISG and demonstrated the feasibility of the oxygen
separation concept. Nevertheless, challenges remain before the system could advance to
commercialization; for example, the kinetic rate of oxygen uptake should be faster, and ideally,
the uptake temperature lower, while maintaining a similar change in temperature between
sorption and desorption. Research in further material development would be required to advance
this application to economic practicality. A design procedure was developed for designing the

YBC114 oxygen separation system.
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