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Evaluation of Validity of the Test Concentration Level for Air Purifying Respirator Cartridge

Doo Yong Park ©

Department of Industrial Safety Engineering Hansung University

It is a requirement in the Korean standard that break-
thorough time at 5 ppm should be at least 50 min with the
challenge concentration at 300 ppm against carbon
tetrachloride for small cartridge respirator for gas and vapor.
However, this requirement may not a good index for the
adsorption capacity of the carbon at the field situation where
concentration level is much lower than the test challenge
concentration. Maximum concentration where air purifying
respirator can be applied is the 10 times of the workplace
standard. Thus, working concentration for carbon tetrachl-
oride is 5=50ppm. In this range, the adsorption capacity mush
have different characteristics from those at 300 ppm since
the adsorption capacity is also a function of challenge
concentration. This study was initiated to evaluate validity of
the challenge concentration level of the current cartridge
performance test regulated by the Korean ministry of labor
and to provide useful information for the respirator cartridge
performance test protocol. The breakthrough curves were
obtained for two types of 3M respirator cartridges (model
#7251, and #7168(AX)) against carbon tetrachloride. The

adsorption capacities of carbons were calculated using mass
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transfer balance equation derived from the curve fitting to the
breakthrough curves experimentally obtained. Adsorption
isotherms were derived from these data. Much higher adso-
rption capacity of carbon at 300 ppm challenge concentration
was shown in the cartridge #7251. On the contrary, the
cartridge #7168(AX) showed higher adsorption capacity than
the cartridge #7251. The cartridge #7251 or similar types
have been widely used in general industries because of higher
adsorption capacity. The AX cartridge (#7168) has been
developed for lower molecular vapors in the Europe. The
carbons of this type have smaller micropore size compared to
the traditional cartridge carbon. Due to this characteristics,
the adsorption capacity at lower concentration level was
increased and, thus, performance was improved. From these
results, it is concluded that the current challenge concen-
tration level is not proper to evaluate the cartridge per-
formance and the performance tests should be made at the
similar concentration range with the field situation. Otherwise,
performance tests at two concentration levels are recomm-
ended to estimate the adsorption capacity at lower concen-
tration range.
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W, g2, ggC

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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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. Falsh evaporator, 8. Test chamber, 9. Tested cartridge.
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Ine breakinrougn curve cblained rom the experiment for 3M
cartridge #7251 against carbon tetrachloride. The equation
shown in the figure is the mass transfer balance equation
derived from the experimental data using curve fitting program.
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Table 1. The equiliorium adsorption capacity(We) and adsorption rate coefficient(kv) values for carbon tetrachloride
Challenge Concentration Flow rate Adsorption capacity, We Adsorption rate coefficient, kv
Level(ppm) Actual(ppm) (Lpm) (g/gC) (min-1)
Cartridge 3M #7251
50 49.15 32.13 0.3237 5787.05
106.4 32.10 04111 5089.48
103.0 3217 0.4021 5270.12
100 106.0 32.11 0.4109 4450.75
103.9 31.71 0.4101 4306.21
101.0 32.11 0.3894 5323.70
101.5 31.71 0.3742 4482.16
2544 32.10 0.5319 5546.16
250 259.0 3217 0.5391 5279.40
250.0 32.07 0.5229 5758.57
500 496.0 32.11 0.6024 5166.79
510.0 31.17 0.5930 5704.15
1006.5 3227 0.6648 6089.02
1009.9 31.81 0.6518 6695.82
1006.5 32.10 0.6524 5882.04
1000 1012.9 3217 0.6517 6651.83
1014.0 32.10 0.6687 6062.91
1011.3 3217 0.6740 5195.78
1016.2 32.10 0.6749 6300.24
1006.3 3217 0.6721 5315.20
Mean+SD 5518.9£668.6
Cartridge 3M AX (#7168)
100 104.0 32.11 0.3607 2845.08
99.0 31.71 0.3508 2270.53
250 238.0 32.05 0.3900 2053.74
992.7 32.11 04191 1877.46
1000 1000.5 31.71 0.4196 2108.08
1026.0 32.31 0.4345 1769.15
Mean+SD 2154.0£381.6
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Fig 3 Carbon tetrachloride adsorption isotherm of the
cartridge #7251 carbon. Black circles indicate the
adsorption capacities calculated from the experimental
breakthrough curve. The isotherm curve was obtained
from curve fitting to the D/R isotherm equation.
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Fig 5. Comparison of the adsarption isotherm for the cartridge #7251
and AX for carbon tetrachloride. At the concentration above
S0opm, the #7251 carbons have higher adsorption capacties
than the AX carbon. However, the AX carbon was superior to
the 7251 carbon below 50ppm range. Most industrial hygienic
applications are made in the range between 5 and 50ppm.
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