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ABSTRACT

The adsorption capacity of charcoal is a function of the airborne concentration of the target chemical. To evaluate the
adsorption capacity of charcoal packed in the cartridges of air purifying respirators, breakthrough tests were conducted
with carbon tetrachloride for three commercial cartridges (3M models #7251, #6000 and AX) at 25, 50, 100, 250 and
500 ppm. Adsorption capacities were calculated using a mass transfer balance equation derived from the curve fitting
to the breakthrough curves obtained experimentally. Carbon micropore volumes were estimated by iteration to fit the
Dubinin/Radushkevich (D/R) adsorption isotherm. They were 0.6566, 0.5727 and 0.3087 g/cc for #7251, #6000 and the
AX cartridge, respectively. Above 100 ppm (at high challenge concentrations), #7251 and #6000 showed higher adsorp-
tion capacities. However, as the challenge concentration decreased, the adsorption capacities of #7251 and #6000
sharply dropped. On the other hand, the adsorption capacity of the AX cartridge showed little change with the decrease
of the challenge concentration. Thus, the AX showed a higher adsorption capacity than #7251 and #6000 at the 5-
50 ppm level. It is concluded that service-life tests of cartridges and adsorption capacity tests of charcoal should be con-
ducted at challenge concentration levels reflecting actual working environmental conditions. Alternatively, it is rec-
ommended to use the D/R adsorption isotherm to extrapolate adsorption capacity at low concentration levels from the
high concentration levels at which breakthrough tests are conducted, at a minimum of two different concentration levels.
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Fig. 1. The schematic of the experimental apparatus and
system. 1. Compressed air filter and regulator panel, 2.
Valve to adjust mail air flow, 3. Rotameter, 4. Humidity
generator, 5. Rotameter, 6. RH probe, 7. Flash
evaporator, 8. Test chamber, 9. Tested cartridge.
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O : 3 (air flow rate, m/min)
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W, :carbon micropore volume, cc/g
d; :Liquid density of absobate, g/cc
p :partial pressure at C,

P : saturation vapor pressure at T(°K)
R :ideal gas constant

P, :molar polarization
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Table 1. The equilibrium adsorption capacity (W.) and
adsorption rate coefficient (k,) values for carbon
tetrachloride

Challenge Adsorption  Adsorption rate
Concentration (ppm) capacity, W,  coefficient, k,
Level Actual (g/g0) (min™)

Cartridge 3M #7251
28 0.264 5411.2
25 27 0.251 5078.1
24 0.235 4689.8
52 0.325 4877.6
50 48 0.335 5329.3
49 0.332 4725.2
105 0.410 5120.0
100 106 0.421 4812.7
102 0.388 4399.6
255 0.521 5199.5
250 256 0.511 5458.7
260 0.531 5574.3
504 0.599 5325.4
500 512 0.604 5108.2
508 0.591 5726.1
Cartridge 3M #6000
24 0.270 3714.2
25 27 0.251 3564.0
28 0.267 3974.1
45 0.308 3775.8
50 46 0.319 3876.5
52 0.321 3406.8
106 0.393 3765.9
100 102 0.389 3850.1
101 0.388 3635.4
251 0.477 3559.4
250 248 0.482 3947.5
258 0.491 3624.6
505 0.549 3997.2
500 487 0.537 3496.7
S11 0.548 3578.1
Cartridge 3M AX
2 0318 2374.1
25 29 0.309 2256.3
26 0.311 2008.4
55 0.340 2641.2
50 51 0.333 2158.4
47 0.345 2099.8
101 0361 2845.1
100 111 0.357 2270.5
96 0.352 2524.6
247 0.386 2053.7
250 253 0.379 2186.2
260 0.392 2225.7
504 0.406 21447
500 489 0.411 1945.6
508 0.408 24123
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Fig. 2. Adsorption isotherms for the tested cartridge #7251,
#6000 and AX.

Table 2. Estimated carbon micropore volum (W,) and b'

parameter
Tested Cartridge W, b'
#7251 0.6566 2.99x107°
#6000 0.5727 3.20x107°
AX 0.3087 2.20x107°
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Fig. 3. Comparison of the adsorption isotherms for the
cartridge #7251, #6000 and AX for carbon
tetrachloride.
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