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Introduction

U Air contaminants in the workplace
Gases/vapours
- Aerosols

U Air sampling of gases/vapours
Integrated sampling
Grab sampling

U Types of sold sorbent materials
Inorganic sorbent
Elemental Carbon
Graphitized carbon
Organic polymers



Objectives
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Study the adsorption efficiency of 3M charcoal filter against NIOSH
sorbent tube at low flow rate

Determine the desorption efficiency of the 3M charcoal filter

Study the suitability of 3M charcoal filters to collect VOC at high
flow rates

Study the effect of different environmental parameters on adsorption
efficiency of 3M charcoal filter at high flow rates b I/min)

Assess of goodness of fit of data to kinetic and thermodynamic
model



Preparation 37mm of 3M charcoal filter

U 3M charcoal filters delivered in rolled sheets
U Fabricated 37 mm punch used to cut circular filter disks
U Circular filter disks stored in refrigerator




Preliminary Validation Experimental

To determine the adsorption efficiency of 3M charcoal filter and NIOSH
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~ Preliminarily validation results
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Experimental Results

O SKC tube m 3 M filter o 3 M filter D

Experimental conditions :
1: Q=50 mL/min; t=15 min, Ci=65 ppm
2: Q=50 mL/min; t=30 min, Ci=85 ppm
3: Q=50 mL/min; t=45 min, Ci=200 ppm
4: Q=50 mL/min; t=60 min, Ci=160 ppm
5: Q=100 mL/min; t=15 min, Ci=150 ppm
6: Q=100 mL/min; t=30 min, Ci=130 ppm

> Mass of toluene desorbed from 3M filter and SKC tubes are comparable.



Study desorption efficiency and storage
stability of 3M charcoal filter

Analyte spiking method was used in this study for:

U Preparation of analytes equivalent to 0.1,0.5,1. 2 TLV
(threshold limit value)

U Determination of desorption efficiency of analyte at:

U different concentrations

U different storage time periods




Results of desorption efficiency and storage
stability of 3M charcoal filter

Desorption efficiency at different concentration and storage time,
toluene
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:> Desorption efficiency of 3M filter exceeded the NIOSH recommended value of (75%)



Results of desorption efficiency and storage
stability of 3M charcoal filter

Desorption efficiency at different concentration and storage
time, n-hexane
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I:> Desorption efficiency of 3M filter exceeded the NIOSH recommended value of (75%)



Breakthrough experimental studies
Volatile Organic Compound (VOC) generation system

Legend:
AC : Air Compressor
NS : New Sampler
R : Rotameter
3-V : 3-Ways valve

PR : Pressure Regulator Chamber A
MS : Mass flow meter Water generator 3-v
VC : Ventto atmosphere i | | —O—>
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GC : Gas Chromatography (On-Line)
V : Control Valve

PC : Computer (On-Line) R
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Breakthrough experimental studies

U Study pressure drop of 3M charcoal filter at different weight
and flow rates

U Study of the following effects:
vapour feed concentration on breakthrough time
flow rate on breakthrough time
3M charcoal filter weight on breakthrough time
temperature on breakthrough time
humidity on breakthrough time



Results of Breakthrough experimental studies
Pressure drop study

Pressuredrop vs.number of layers of 3M filter
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1 layer=0.43, 2 layers=0.86, 3 layers=1.29, 4 layers=1.76, 5 layers= 2.15 g

|:> Pressure drop is dependent on the weight of 3 M charcoal filter and flow rate



Cocentration, ppm
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Results of Breakthrough experimental studies
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Effect of concentration on full breakthrough

Hfect of concentration, 2 L/min, 2 layers, toluene
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Hfect of concentration, 2 L/min, 2 layers, n-hexane
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Results of Breakthrough experimental studies
Effect of flow rate on 5% breakthrough

Effect of flow rate at Ci=100ppm, 2 layers,toluene Effect of flow rate at Ci=100ppm, 2 layers, n-hexane
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|:> The higher the flow rate the shorter the breakthrough time



Cocentration, ppm

Results of Breakthrough experimental studies
Effect of sorbent weight on 5% breakthrough

Effect of sorbent wieght, 2 L/min, Ci=100ppm, toluene Effect of sorbent wieght, 2L/min, Ci=100ppm, n-hexane
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|:> The more the weight the longer the breakthrough time



Concentration, ppm

Results of Breakthrough experimental studies
Effect of temperature on 5% breakthrough

Effect of temperature, 2L/min, Ci=100ppm, 2 layers, toluene Effect of temperature at different layers, 2 Limin, Ci=100ppm, toluene
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|:> Increase in temperature resulted in shorter breakthrough time
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Cocentration, ppm

Results of Breakthrough experimental studies
Effect of temperature on 5% breakthrough

Effect of temperature, 2 L/min, Ci=100 ppm, 2 layers, n-hexane
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Effect of temperature at different layers, 2 L/min, Ci=100 ppm, n-hexane
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Increase in temperature resulted in shorter breakthrough time



Cocentration, ppm

Results of Breakthrough experimental studies
Effect of temperature on 5% breakthrough

Effect of humidity, Q=2 L/min, Ci=100ppm, 2 layers, toluene
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Experimental data fitting model

U The objective is to extrapolate the experimental results obtained to
predict breakthrough time under different environmental conditions
through modeling without resorting to extensive experimentation.

U Attempts were made to assess of goodness of fit of experimental
data to the kinetic and thermodynamic models. Namely, the modified
Wheeler-Jonas and Longmuir Isotherm models.






