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Figure 8.  Calibration of Dax in test stand B: (a) model predictions shown alongside experimental 

measurements of mixed concentration far downstream of the bed for CO2 breakthrough, and (b) 

the SSE between the model prediction and the experimental data as a function of Dax.  The gray 

region in (a) marks the span of the simulated breakthrough curves for the Dax values simulated in 

(b). (kn = 2.1×10-3 s-1). 
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Figure 9.  Comparison of baseline simulation and experimental data for test stand A (top) and test 

stand B (bottom).  Left panels (a, b) show breakthrough curves and right panels (c, d) show exit 

temperature.  All values are for mixed, downstream measurements.  

  

experiment
simulation 

t stoichtb 1.5 2
time, hr

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35
 C

O 2 c
on

ce
nt

ra
tio

n 
af

te
r b

ed
, m

ol/
m

3

0.50 1

t(Tg,max )

298

300

302

304

306

308

310

ga
s-

ph
as

e 
te

m
pe

ra
tu

re
, K

1.5 2
time, hr

0.50 1

tb

experiment
simulation

tstoich

1.5 2
time, hr

0 C
O 2 c

on
ce

nt
ra

tio
n 

af
te

r b
ed

, m
ol/

m
3

0.50 1

0.05

0.1

0.15

0.2

0.25

0.3

t(Tg,max )
298

299

300

301

302

303

304

305

306

307
ga

s-
ph

as
e 

te
m

pe
ra

tu
re

, K

1.5 2
time, hr

0.50 1

(a) (c)

(b) (d)

Test Stand A

Test Stand B



 

52 

 

 

Figure 10. For test stand A (a) and test stand B (b): breakthrough curve for the baseline simulation 

input parameters compared with four simulations where either the LDF coefficient or the axial 

dispersion coefficient, were set to their upper or lower bound given in Table 6. The zoomed-in 

inset shows the time where the outlet concentration curve crosses the breakthrough point (

), i.e., the breakthrough time. 
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Figure 11. For test stand A (a) and test stand B (b): temperature of effluent for baseline simulation 

inputs compared with simulations where one of several input parameters were set to their upper or 

lower bound given in Table 6. 
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Tables 

Table 1.  Dimensions and physical properties of the test stand A33 and test stand B50. 

 Test stand A Test stand B 
bed length, L, m 0.254 0.165 
void fraction, ε 0.35 0.35 
inner canister diameter, dcan,in, mm 47.6 93.6 
adsorbent:     material Grace Davidson grade 52294 UOP RK-3895 

mean pellet diameter, dp, mm 2.32 2.1 
conductivity, ks, W/(m K) 0.152 0.144 
heat capacity, cp,s, J/(kg K) 920 650 
pellet envelope density, ρenv, kg/m3 1180 1179 

canister:    material stainless steel aluminum 
thickness, tcan, mm 1.59 10.3 
conductivity, kcan, W/(m K) 14.2 205 
heat capacity, cp,can, J/(kg K) 475 902 
density, ρcan, kg/m3 7833 2712 

insulation: material Q-fiber®96 and min-K®97 Pyropel® LD-698 
thickness, tins, mm 25.4 15.9 
conductivity, kins, W/(m K) 0.038 0.032 
heat capacity, cp,ins, J/(kg K) 747 747 
density, ρins,  kg/m3 88 100 
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Table 2.  Inlet and initial conditions for breakthrough of CO2 on zeolite in test stands A33 and B50. 

operational parameter Test stand A Test stand B 

volumetric flow rate, , SLPM 28.3 132 
inlet temperature, Tg,in, K 298 299 
initial temperature, Tinit, K 299 299 
ambient temperature, Tamb, K 298 297 
inlet total pressure, pg,in, kPa 106 126 
inlet CO2 partial pressure, , kPa 0.816 0.689 
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Table 3.  Toth equilibrium adsorption isotherm parameters for CO2 on Zeolite 5A62. 

a0, mol/(kg kPa) b0, kPa-1 E, K t0 c, K 
9.875 × 10-7 6.761 × 10-8 5625 0.27 -20.02 
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Table 4. Baseline values of the model input parameters varied in the uncertainty analysis. 

model input parameter test stand A test stand B 
linear-driving-force coefficient, kn, s-1 2.1×10-3 2.1×10-3 
axial dispersion (eq 13), Dax, m2/s 1.20×10-2 1.13×10-3 
effective axial thermal conductivity (eq 11), keff, W/(m K) 0.673 0.726 
void fraction, ε 0.35 0.35 
gas-adsorbent heat transfer coefficient (eq 9), hg-s, W/(m2K) 128 148 
gas-canister heat transfer coefficient (eq 10), hg-can, W/(m2K) 16.9 10.8 
canister-insulation heat transfer coefficient, hcan-ins, W/(m2K) 3 3 
insulation-ambient heat transfer coefficient, hins-amb, W/(m2K) 3 3 
adsorbent envelope density, ρenv, kg/m3 1180 1179 
adsorbent thermal conductivity, ks, W/(m K) 0.152 0.144 
adsorbent specific heat, cp,s, J/(kg K) 920 650 
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Table 5.  Output metrics for the baseline simulation and experimental results. 

output metrics 

test stand A test stand B 
simulation experiment simulation experiment 

breakthrough time, , s 1000 N/A* 630 580 
stoichiometric breakthrough time, , s 2640 2676 1848 1876 
total capacity,  , g 17.1 18.9 43.3 45.3 
time to max outlet temperature, t(Tg,max), s 1300 1497 510 650 
max temperature rise, ΔTg,max, K 11.0 11.7 7.3 7.1 
mean temperature rise, ΔTg,mean, K 3.6 4.8 1.8 2.0 

* experimental data are not sufficiently resolved to determine the exact breakthrough time in test stand A 
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Table 6.  Upper and lower bounds of model input parameters for uncertainty analysis. 

parameter 
test stand A test stand B 

lower bound upper bound lower bound upper bound 
linear-driving-force coefficient, kn, s-1 2.0 × 10-2 2.2 × 10-2 2.0 × 10-2 2.2 × 10-2 
axial dispersion, Dax, m2/s 1.00 × 10-3 1.20 × 10-3 1.03 × 10-3 1.22 × 10-3 
effective axial thermal conductivity, keff, W/(m K) 0.454 5.48 0.569 2.847 
void fraction, ε .343 .357 .343 .357 
gas-adsorbent heat transfer coefficient, hg-s, W/(m2K) 91.4 238 105 276 
gas-canister heat transfer coefficient, hg-can, W/(m2K) 12.9 25.9 8.3 16.5 
canister-insulation heat transfer coefficient, hcan-ins, W/(m2K) 0 ∞ 0 ∞ 
insulation-ambient heat transfer coefficient, hins-amb, W/(m2K) 2 25 2 25 
adsorbent envelope density, ρenv, kg/m3 1168 1192 1167 1191 
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Table 7. Percent change in breakthrough time, stoichiometric breakthrough time, and total 

capacity from baseline case for model input parameters evaluated at their upper and lower 

uncertainty bounds as given in Table 6. 

 breakthrough time stoichiometric breakthrough 
time total capacity 

 test stand A test stand B test stand A test stand B test stand A test stand B 
parameter low high low high low high low high low high low high 

kn -5.0% 4.0% -6.3% 6.3% -0.2% 0.1% 0% 0% -0.3% 0.2% -0.1% 0.1% 
Dax 24.0% 23.0% 0% 0% 0.5% 0.5% 0% 0% 0.7% 0.7% 0% 0% 
keff -1.0% 1.0% 0% 1.6% 0% -0.1% 0% 0% 0% -0.1% 0% 0% 
ε 2.0% -3.0% 3.2% -3.2% 1.1% -1.1% 1.1% -1.1% 1.0% -1.0% 1.1% -1.1% 

hg–s 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 
hg–can 0% -1.0% 0% 0% 0% 0% 0% -0.1% 0% 0% 0.1% -0.1% 
hcan–ins -1.0% 1.0% 0% 0% -0.1% 0% -0.1% 0.1% -0.1% 0% -0.1% 0.1% 
hins–amb 0% 0% 0% 0% 0% 0.1% 0% 0.1% -0.1% 0% 0% 0.1% 

ρenv -2.0% 1.0% -1.6% 3.2% -1.0% 1.0% -0.9% 1.1% -1.0% 1.0% -0.9% 1.1% 
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Table 8. Percent change in maximum/mean temperature rise across the bed from baseline model 

for model input parameters evaluated at their upper and lower uncertainty bounds as given in Table 

6. 

 time to max outlet temp. max temperature rise mean temperature rise 
 test stand A test stand B test stand A test stand B test stand A test stand B 

parameter low high low high low high low high low high low high 
kn -1.6% 1.6% -6.3% 4.8% -1.2% 1.2% -0.5% 0.5% -0.3% 0.3% 0% 0.2% 

Dax 7.0% 7.0% 0% -1.6% 5.8% 5.8% 0% 0% 0.8% 0.8% 0.1% 0.1% 
keff -0.8% 3.1% -1.6% 6.3% 0.3% -3.9% 0.3% -4.1% 0.2% -2.5% 0.2% -2.9% 
ε 1.6% -1.6% 1.6% -3.2% 0.4% -0.4% 0.1% -0.1% 1.0% -1.0% 1.1% -1.0% 

hg–s 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0.1% 0.1% 
hg–can -1.6% 1.6% -4.8% 6.3% -0.8% 1.9% 1.9% -3.2% 0% 0% 0.3% 0.2% 
hcan–ins 0.8% 3.1% 0% -1.6% 4.5% -5.2% 0% 0.4% 4.7% -3.8% 2.4% 0.3% 
hins–amb 0% -0.8% 0% 0% 0.2% -1.4% -0.1% 0.4% 0.8% -2.9% 0.1% 0.4% 

ρenv -1.6% 0.8% -3.2% 1.6% -0.3% 0.3% 0.3% 0.5% -1.0% 0.9% -0.5% 1.4% 
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