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Prediction of Service Life of a Respirator Cartridge for Organic Solvent

by Using Yoon and Nelson's Adsorption Model

Ki-Hwan Kim' - Jung-11 Won?*

Korea Fire Safety Association
Department of Environmental Engineering, Chungbuk scientific collage

A respirator is usEful to protect a worker from the harmful
gases and vapors in the workplace, and the evauation of
respirator cartridge service life is important for the worker's
hedth and safety. The performance of cartridge is effected by
sverd factors such as concentration of gas and vapor, humidity,
temperature, adsorbents and cartridge packing densty.

Adsorption model was gpplied to both sampling tube and
respirator cartridge to predict the sarvice life for organic vapors
The variables of the adsorption modd were measured from the
experiment with the ssmpling tube, and it was used to predict
the sarvice life of respirator cartridge. In the experiment, we
used carbon tetrachloride as a organic vapor and activated
carbon take out respirator cartridge as activated carbon.

As aresult, it was possible to predict the service life of

repirator cartridge and prediicted service life was quite correct.
Breakthrough time decreased with increase of CCl4
concentration. In case of sampling tube, adsorbed amount of
CCl4 was larger then respirator cartridge due to lineer velocity.
Alsp, rate condant of sampling tube was larger then respirator
catridge, because of, effect of flow rate, packing density. Inthe
prediction of service life of respirator cartridge by using
sampling tube, the time required for 50% contaminant
breakthrough(r) ismore effective than the rate congant (k).

Key Words : Prediction, Respirator Cartridge, Yoon and
Neson's Adsorption Modd
Organic Solvent, Savice Life, Sampling Tube
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Fig. 1. Schematic diagram of gas flow system used here.
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the relationship.
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Fig. 3. Schematic diagram of experimental apparatus.

Fig. 4. Schematic of sampling tube.
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Table 1. Classification of sampling tube by size.
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A 300 0.603 040
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Table 2. Values of the parameters k', z and k for various concentration of carbon tetrachloride on the

sampling tube

concentration K' (mirr?) 7 (min) k
(Ppm) Sampling Tube Sampling Tube Sampling Tube
1000 0373 1366 510
800 0.380 1572 597
700 0272 1741 474
600 0242 2064 499
500 0.246 23.62 581
300 0187 37125 6.97
4
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Fig.5. Effect of concentration on the adsorption characteristics
of sampling tube.

Fig.6. Representative plots of In [P/1-P] versus time for CCl4 at
various assault concentration on sampling tube.
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Fig.7. Comparison of theoretical breakthrough curve with
experimental data for CCl4 at 1000 ppm.

Fig.8. Comparison of theoretical breakthrough curve with
experimental data for CCl4 at 300 ppm.

Table 3. Values of the parameters k', z and k for various concentration of carbon tetrachloride on the

respirator cartridge.

concentration K' (mirr?) 7 (min) k
(ppm) Sampling Tube Sampling Tube Sampling Tube
1000 0119 14731 1753
800 0099 18308 1812
700 0072 21834 1572
600 0080 227.77 1822
500 0081 2549 2065
300 0042 38832 1631
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Fig.9. Effect of concentration on the adsorption characteristics
of respirator cartridge.
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Fig.11. Effect of time required for 50% contaminant
breakthrough on breakthrough curve.

Fig.10. Representative plots of In (P/1-P] versus time for CCl4 at
various assault concentration.
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Fig.12. Effect of rate constant on breakthrough curve.
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Table 4. Adsorbed amount of CCl4 on the activated carbon at various concentrations.

Concentration Adsorbed amount of CCl4 onthe activated carbon (g/ )
(ppm) W ( Sampling Tube) W2
1000 0.74 0.70
800 0.70 0.69
700 0.65 071
600 067 0.65
500 0.65 0.60
300 062 054

Table 5. Calculated time for 50% contaminant breakthrough and adsorption capacity of respirator cartridge.

Concertration Adsorption Capecity Timeregurecifor 50%
contaminant breskthrough

(pom) We ( Sampling TLbe) 7 (Sampling Tube)
1000 BB 15154

800 3150 17919

70 225 19016

600 015 22868

500 225 26632

0 2710 B2




i
4
S
o,
ol
off
>

9 a3} Aol e A% 8
o, ol ZAAE 7} e 1ol B0 2 Az, xmm

WEvlas JaEe) 92 53] SI5to] Cohenetd
(1992)-> bed-residence 52+ E < A}%o}O% bed-residence

© &= 1000 ppm, 500 ppm, 300 ppm ¢l A= 0F7ke] xfo] & time o] Zthd, 2= oA RS ahte] Al of vepd gl
AR A e gshe o] S ﬁfgfrowq 055 0|2 o] gte] 4ol HE 5HES) S oot
%101, Moyer(1987)%= Potertid Jonas & 21-& ol&o}O% 2
) 1 FAS LS FHE Wheder 9] B o}
v.n % S3AIZF Afo] o] A A Z o] g3ko] 4ot wat
0.14 100 —
0.12 4 .
N 80
E
g 010 - .
8 008 - . g %4
S g
E * £
g 006 § 40
5 I
8
g 0.04 - e
g : 20 ¢ Cartridge
& 002 4 Sampling Tube
0.00 : : : , , 0 =t T T T
0.0 0.1 0.2 03 0.4 05 06 0 50 100 150 200 250 300
Rate constant of respirator cartridge (min®) Time(min)

Fig.13. Comparison of rate constant of sampling tube with
respirator cartridge.

Fig.14. Comparison of the respirator cartridge breakthrough
time with the breakthrough time by sampling tube at 1000 ppm.
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Fig.15. Comparison of the respirator cartridge breakthrough
time with the breakthrough time by sampling tube at 800 ppm.

Fig.16. Comparison of the respirator cartridge breakthrough
time with the breakthrough time by sampling tube at 700 ppm.
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Fig.17. Comparison of the respirator cartridge breakthrough
time with the breakthrough time by sampling tube at 600 ppm.
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Fig.18. Comparison of the respirator cartridge breakthrough
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Fig.19. Comparison of the respirator cartridge breakthrough
time with the breakthrough time by sampling tube at 300 ppm.
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