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Kinetics Model for Xenon Breakthrough in Activated Carbon Fiber Beds
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Abstract: Xenon breakthrough in Activated Carbon Fiber (ACF) beds was investigated. The experimental data
were simulated by Boltzmann distribution function. The results show that there is excellent agreement between
the experimental data and the theory. The equation of breakthrough time was derived from the Boltzmann curve,
and the expression of 50% breakthrough time T was also deduced.
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Table 1 Conditions for gas chromatography
Gas chromatography HP4890D Gc HP3365 Chemstation
Column HP Plot MS-54, 15 m x 0.53 mm x 50 um film thickness
Carrier gas Helium (99.999%), 9.2 mL: min™*
Makeup gas Helium (99.999%), 18.8 mL: min™*
Sweep gas Helium (99.999%), 73.7 mL: min™*
Column temperature 100
PID detector Model4430; UV spectrum: 11.8 eV; Lamp intensity: 5; Temperature: 100
Injection method Six-port valve, 250 pL
2 (t-plot)t2
Table 2 Structure parameters and micropore data of ACF (t-plot)
Fiber SSA/ (m? g Total pore volume Micropore area / Micropore volume / Average pore size / nm
BET Langmuir by BET / (cm? g*) m? gh) cm? g?)
YT-1000 1471 1853 0.652 2 942 0.422 4 0.918 6

Note: Total pore volume (Micropore volume and mesopore volume) was calculated at p/p,=0.95",
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Table 3 Experimental conditions for breakthrough tests

Experimental conditions

Number
Temperature T/ Concentration C, / % Flux Q / (mL: min)
Test 1 - 60 2.05 80
Test 2 -20 2.05 100
Test 3 - 60 1.52 100
Test 4 25 2.05 50

Adsorbent=2.2(x0.1) g; Column diameter =2 cm; Column length=4 cm; Bz=0.18 g cm.
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Table 4 Experimental conditions for breakthrough tests
Concentration Column diameter Column length Adsorbent weight Bulk density
Number ~ Temperature T /
Co /% D/cm L/cm M/g Bs/ (@ cm?)
1 -20 2.05 2 4 151 (£0.1) 0.12
2 25 3.10 4 2 2.95 (0.05) 0.12
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Fig.2 Comparison of theoretical breakthrough curves (solid lines) with experimental data at various fluxes
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Table 5 Adsorption parameters derived from the experimental data
Flux Q / (mL min") Linear velocity v / cm s%) k / mint T/ min W,/ (cm? g%
30 0.159 0.226 21.766 8.865
50 0.265 0.290 15.835 10.749
80 0.424 0.625 10.145 11.018
100 0.531 0.769 7.533 10.227
50 0.066 0.215 9.038 4,749
80 0.106 0.471 7.691 6.466
100 0.133 0.612 4627 4.863
120 0.159 0.664 3.922 4.945
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