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- Abstract -

Study on Accuracy and Validity Tests for Various Prediction
Models for Gas and Vapor Respirator Cartridge Service Lives

Doo Yong Park®, Ji Young Park*, Chung Sik Y oon**
Department of Industrial Safety Engineering, Hansung University, Seoul, Korea

Center for Safety Science & Technology Institute, Hansung University, Seoul, Korea*
Wonjin Institute for Environmental and Occupational Health**

Most breakthrough tests are conducted at higher
concentration levels compared to those in the field
of air- purifying respirator applications. For example,
typical challenge concentrations for breakthrough
tests against carbon tetrachloride are ranged
250- 1000 ppm athough applicable
concentrations range for air- purifying cartridge is
550 ppm for carbon tetrachloride. However, no

between

guarantee has been made that isotherms derived
from the experiment a high challenge concentrations
could estimate adsorption capacity at the lower
concentration range where workers wear usually
air- purifying respirators.

Three models of adsorption isotherms (Freundlich,
Langmuir and Dubinin/Radushkevich(D/R) isotherms)
that have been commonly applied for respirator

“ 1997 (
: 2

cartridge testing were evaluated. Adsorption capacity
at each challenge concentration was calculated from
the Reaction Kinetic equation fitted for the
breakthrough data. These data were used for
derivation of three isotherms.

In general, the D/R isotherm has given the best
agreement between estimated adsorption capacities
and experimentally measured. If the challenge
concentration of 100 ppm is included for derivation
of models, Freundlich and D/R models could
successfully  produced good estimations for
adsorption capacities at 50 ppm level. Estimated
adsorption capacities by both models ranged in 94
- 109 % of the experimentally measured. However,
Langmuir model gives underestimation in all cases.
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l. and Nelson, 1984a, 1984b, 1988, 1990, Yoon et al.,
1991, Moyer, 1983, 1987).

1996).

(breakthrough time)
(mass transfer balance equation)
, (Jonas and Rehrmann, 1973
(cartridge) Wood, 1985).

, (isotherm
adsorption models)

. Freundlich , Langmuir
, , , Dubinin/Radushkevich(D/R)
, (Wood, 1985, McBain, 1932, Langmuir, 1918,
Dubinin, 1975).

(Nelson and Harder, 1972, 1974, 1976,
Nelson et al., 1976, Nelson and Correia 1976, Yoon
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Figure 1. The schematic of the experimental apparatus and system. () Compressed air filter and regulator panel,
@ Valve to adjust main air flow, 3) Rotameter, @ Humidity generator, (5) Rotameter, G RH probe,
(@ Flash evaporator, (8) Test chamber, @ Tested cartridge.
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2) 3. (breakt hrough curve)

50+5%
General Eastern (model 850)
, (LEF model 2
2003) . ( )
100%
, (Harvard Apparatus
model 22)
(flash evaporator, Aldrich #211737- 4)
(mass transfer balance equation)
3 Reaction Kinetic(RK) equation
(Wood, 1994, Vermeulen, et
al., 1984).
_(mw)_(Woey) [C.-C
4 el lee] ] e
where

(Bruel & Kjaer B&K 1302)

_Bruel & Kjaer  B&K 1302 f :breakthrogh time(min)

' :exitconcentraion(g/crr’)

UA0980 s
RS- 232 IBM O nletconcentrajon (g/ent )
PC CB&K 1302 (: volumetre flow rate(cm’ / min)
3 W weightof carbonadsorbant{g)
¥ -equuilibrimm adsorptioncapacity( g/gcarbon)
7, bulk densitvof thepackedbed (g/cnr’)
2. , k. -adsorptionratecoefTicien (min’ )
(tb) (&
(We (kv)
(carbon  tefrachloride) : Jandel Scientific Software

SigmaPlot computer program(SigmaPlot for Windows
3M Model 95, version 3.0) curve fitting
#7251 . 50, 100,

250, 500, 1000 ppm
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Figure 2. The breakthrough curve obtained from the experiment for 3M cartridge #7251 against carbon
tetrachloride at the challenge concentration of 1000 ppm. Blank circles represent the measured
breakthrough concentrations. The black line is the theoretical breakthrough curve of the RK equation
derived from the experimental data using curve fitting program.
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Table 1. The equilibrium adsorption capacity(We) and adsorption rate coefficient(kv) values calculated
from the RK equation derived from the experiment for carbon tetrachloride

Challen Adsorption Adsorption rate
Concentra%i%n Flow rate capacig?, We coeflf-izient, ke
Level(ppm) Actual(ppm) (Lpm) (g/gC) (min’")
50 49.15 3213 0.3237 5787.05
106.4 32.10 0.4111 5089.48
103.0 3217 0.4021 5270.12
100 106.0 32.11 0.4109 4450.75
103.9 3171 0.4101 4306.21
101.0 32.11 0.38%4 5323.70
101.5 3171 0.3742 4482.16
: 2544 32.10 0.5319 5546.16
250 259.0 32017 0.5391 5279.40
250.0 32.07 0.5229 575857
50 496.0 32.11 0.6024 5166.79
510.0 31.17 0.5930 5704.15
1006.5 32.27 0.6648 6089.02
1009.9 31.81 0.6518 6695.82
1006.5 32.10 0.6524 5882.04
1000 10129 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 32.17 0.6721 5315.20
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Table 2. Estimated variables for each isotherms derived from the experiment for carbon tetrachloride

Freundlich isotherm Langmuir isotherm D/R isotherm
a n Winax Ku b W,
0.1532 4.6033 0.7276 0.0127 0.6566 29872 X ¢’

Table 3. Adsorption capacity (g/g Carbon) obtained from experiment and each isotherms at various

challenge concentration levels (%)
Ie . No. of : . .
oncnetration (ppm) experiment Experiment Freundlich Langmuir D/R
492 1 0.3314 0.3568 0.2788 0.3402
’ (100.0) (107.7) (83.9) (102.7)
1036 6 0.4093 0.4201 0.4138 0.4178
’ (100.0) (102.6) (101.1) (102.1)
0.5441 0.5105 0.5557 0.5198
G = (100.0) (93.8) (102.1) (955)
& l’) \4) ~
503.0 5 0.6120 0.5917 0.6795) 0.60}4
(100.0) (96.7) (102.8) (98.3)
0.6798 0.6886 0.6749 0.6863
—— . (100.0) (101.3) (99.3) (101.0)

_25,



0.9 s

Expeirmentally measured
D/R Isotherm

———- Freundlich Isotherm
Langmuir Isotherm

Adsorption Capacity (g/g Carbon)

5 10 20

T T T T T

50 100 250 500 1000

Challenge Concentration, ppm

Figure 3. Experimentally measured adsorption capacity and various isotherms derived from the experimental values.
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Figure 4. Estimated adsorption capacity from various isotherms derived from the experimental data at the challenge
concentrations of 250, 500, 1000 ppm. Each curve derived from the black dots. Black triangles represent the
measured adsorption capacities at 50 ppm and 100 ppm.

Table 4. Measured and estimated adsorption capacities (g/g Carbon) at the challenge concentration of 49 ppm

(%)

Data used* (ppm) Experiment Freundlich Langmuir D/R
o L b Q0.0
250-500-1000 (013(3)1;) (0 1';55; (2'7255,:; (0 1?2.549)
. o fan 040
o . i 019
100-1000 (0133104) (0 1'(3):,641) (25227.;5 (0 13(3)‘ 16)
250500 1000 (239 @9 (16
250-1000 é) 1'(3)(3)']04) (0 {;.547) (37275.?;1 (01?2650)
e pars pred s

* Data used for derivation of each model. Values indicate the challenge concentration levels for
the breakthrough tests.
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