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— Abstract —

A Study on Breakthrough of Respirator Cartridge Using Multi-Organic
Vapor Mixtures

Hai-Dong Chung and Nam Won Paik

Division of Industrial Health, School of Public Health,
Seoul National University, Seoul, Korea

This study was conducted to evaluate breakthrough characteristics of respirator cartridge using
multi-organic vapors, including carbon tetrachloride, trichloroethylene, and toluene. The organic
vapors were used as single phase, binary system, and ternary system. The results are summarized as
follows.

1. Organic vapors studied were 1,000 ppm, 750 ppm, 500 ppm and 250 ppm in single phase.
Carbon tetrachloride having the highest molecular weight showed the breakthrough first, and
breakthrough sequency by organic vapor was dependent on its molecular weight. The 10%
breakthrough times at 1,000 ppm of organic vapor were 97 minutes for carbon tetrachloride, 129
minutes for trichloroethylene and 135 minutes for toluene.

2. When concentrations of organic vapors were at levels of the Threshold Limit Values, the lives
of the respirator cartridges were 122 hours in carbon tetrachloride, 18 hours in trichloroethylene
and 28 hours in toluene.

3.In the binary system at a total concentration of 1,000 ppm with carbon tetrachloride and
trichloroethylene, breakthrough times ranged from 104 minutes to 125 minutes, which were
longer than 97 minutes in a single phase (1,000 ppm) for carbon tetrachloride, but shorter than
breakthrough times for TCE and Toluene.

4. Breakthrough times in the binary system with carbon tetrachloride and toluene were 131~132
minutes.

5. Breakthrough times in the ternary system with carbon tetrachloride, toluene, and trichloroethyl
ene were 120+ 8 minutes, which were longer than 97 minutes in the single phase (1,000 ppm) for
carbon tetrachloride, equal to 129 minutes for trichloroethylene, and shorter than 135 minutes for
toluene. Those were almost similar to 12449 minutes of breakthrough times in the binary sys
tems.
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Table 1. Airborne Concentrations of Organic Vapors Studied

Type of Organic Vapors Concentrations Studied*
(ppm)
Single Phase CCl,, Toluene or TCE 250, 500, 750, 1,000
CC/Toluene, 250/750, 500/500, 7507250
Binary System Toluene/TCE
or CCJ/TCE
CCy/Toluene/TCE 250/250/500
Ternary System CC|/Toluene/TCE 250/500/250
CC|/Toluene/TCE 500/250/250

A) assault concentrations range (n = 3)

: 250420 ppm, 500 &30 ppm, 750 £ 50 ppm, 1,000+ 100 ppm
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Table 2. Comparison of Experimental and Calculated 10 % Breakthrough Time in Single Phases

Concentration 10 % Breakthrough Time
(ppm)
Experimental* Calculated® Difference®

(min) (min) (%)
CCi, 1,000 97 86.7 10.6
750 125 105.0 16.0
500 176 137.6 21.8
250 301 218.4 27.4

Mean+SD 189+7.3
TCE 1,000 129 72.5 43.8
750 155 87.8 434
500 194 115.0 40.7
250 360 182.6 49.3

Mean+SD 443+3.6
Toluene 1,000 135 98.5 27.0
750 158 119.3 24.5
500 232 156.3 32.6
250 423 248.2 41.3

Mean+SD 31.3+74

A) Values obtained from this study

B) Values calculated from equation (1)
W =29.43g, Q =30 //min

C) by [(A) - (B)]/ (A) X 100
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Table 3. Experimental Values for a(Intercept) and b(Slope) of 10% Breakthrough Concentration

TLV-TWA 10 % breakthrough Least Squares Equation
(ppm) time at TLV-TWA
(Min) a(intercept) b(slope)
CcCl, 5 7,305(121.7 hours) 10.2 -0.81
TCE 50 1,102(18.3 hours) 9.9 -0.74
Toluene 50 1,659(27.6 hours) 10.7 -0.84
Mean =+ SD -0.797+0.051
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Table 4. Weight of Organic Solvent Adsorbed at 100% Breakthrough of Single Phase, Binary System and Ternary

System
Weight of Weight of solvent adsorbed
solvent adsorbed per weight of carbon (g/g)
(e
Experimental Calculated
CCl 17.64+1.53 0.599+0.052 0.677
Toluene 12.8340.88 0.436+0.030 0.473
TCE 17.66+1.96 0.600+0.067 0.625
(CC I/Toluene) 15.50+0.98 0.527+0.033
(Toluene/TCE) 15.80+3.43 0.537+0.117
(CC /TCE) 21.55+0.10 0.732+0.003
(CC [,/ToV/TCE) 17.76+1.01 0.603+0.034




Table 5. Breakthrough Time in the Single Phase, Binary System and Ternary System at 1,000 ppm

Type and Concentration

10 % Breakthrough Time

of Material [ppm] [min]
Single Phase,

CC1, [1,000] 97

TCE [1,000] 129

Tol [1,000] 135

Mean=+SD 120420
Binary System, case |

CC [,[750]+TCE[250] 104

CC L,[500]+TCE[500] 125

CC L,[250]+TCE[750] 118
Binary System, case [

Tol[750]+TCE[250] 125

Tol[500]+TCE[500] 121

Tol[250]+TCE[750] 129
Binary System, case [[

CC 1,[750] + Tol[250] 132

CC L,[500]+ Tol[500] 132

CC [,[250]+Tol[750] 131

Mean+SD 12449
Ternary System,

CC ,[250]+Tol[250]+ TCE[500] 114

CC ,[250]+ Tol[500]+ TCE[250] 116

CC ,[500]+ Tol[250]+ TCE[250] 129

Mean=+SD 120+8
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Fig. 5. Breakthrough by time and concentration for car-
bon tetrachloride/trichloroethylene mixtures.
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Fig. 6. Breakthrough by time and concentration for
toluene/trichloroethylene mixtures.
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