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Hazardous air pollutants (HAPs) in the atmosphere are regulated and monitored in Korea by the Air Pollution Control
Act. To manage HAPs, accurate standards, which are traceable to the International System of Units (SI), are required.
Primary reference gas mixtures (PRMs) are prepared gravimetrically and their amount fractions (mole fractions) are
gravimetrically determined values. However, for reactive gases such as volatile organic compounds (VOCs), the grav-
imetric values can be changed due to physical adsorption loss onto the internal surface of the cylinder. The loss can result
in significant difference between the gravimetric and actual mole fractions, which is crucial for developing accurate
PRMs especially for reactive gases. In this study, the physical adsorption loss onto the internal surface of the cylinder
was evaluated for developing VOCs at 5 nmol mol™'. Suites of VOC gas mixtures containing the 18 components at 5
nmol mol! were gravimetrically prepared in aluminum cylinders. The potential physical adsorption loss was estimated
by the cylinder-to-cylinder division method. The results showed that a significant physical adsorption loss occurred for
acrylonitrile while little adsorption loss occurred for the other VOC components. The gravimetrically determined mole
fraction for only acrylonitrile was corrected to account for the physical adsorption loss.
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Fig. 1. Gravimetric preparations of 5 nmol mol” gas mixtures of VOCs.
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® 1. Vinyl chloride 7. 1,2-Dichloroethane 13. Tetrachloroethylene @
2. 1.3 Butadiene 8. Benzene 14. Ethyl benzene
3. Acrylonitrile 9. Carbon tetrachloride 15. m+p - Xylene
o 4. Dichloromethane 10. Trichloroethylene 16. o - Xylene @
5. 1,1-Dichloroethane 11. 1,1,2-Trichloroethane 17. Styrene
6. Chloroform 12. Toluene
17
8 @
k! @ @
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Fig. 2. Chromatogram of 5 nmol mol! VOCs.

Table 1. Analytical conditions of cryogenic preconcentrator

Analytical conditions of cryogenic preconcentrator

Unit : °C Trap Temp M1 preheat M] — M2 M3 precool M2 Preheat M2 — M3 Inject Bake out

Mod 1 Trap 40 40 40 40
Mod 1 Bulkhead 40 40 40
Mod 2 —100 —-100 -100 220 200
Mod2 Bulkhead 90 -100 120
Mod 3 -170 -170 120
. e © I 2ejgh =23 M Bujdk BRo® Ui g,
ARy FoE xS B SR g M, v, B S
, . (=123, 4] 3¢ Fa) AFS gk Ay
x'i:x’i,lm @ 9] Al Hel EEE RS Hu) 239 vlolg A
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qA7IM, ¥, & A S4E 232N EH 249 ERE, HAth BAE BEE] B E SHRoRNE A
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E RS X = (- 2e = 28 e (-

Table 2. Purity of each reagent

Results Results
Components Purity Expanded uncertainty Components Purity Expanded uncertainty
(cmol mol™) (umol mol™) (cmol mol™) (umol mol™)

Benzene 99.94 161 Trichloroethylene 99.93 85
Toluene 99.93 80 Tetrachloroethylene 99.87 149
Ethylbenzene 99.77 267 1, 1-Dichloroethane 97.57 2811
m-Xylene 99.72 324 Carbontetrachloride 99.35 759
Styrene 99.71 333 1,3-Butidiene 99.60 458
o-Xylene 99.44 645 Dichlormethane 99.81 219
p-Xylene 99.81 216 1,2-Dichloroethane 99.46 627

Chloroform 99.59 474 Acrylonitrile 99.96 51

1,1,2-Trichloroethane 98.61 1605 Vinyl chloride 99.99 15
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Fig. 3. Cylinder-to-cylinder division of the 5 nmol mol-1 VOC gas mixtures. All ratios of the 17 components, except for

acrylonitrile were consistent within their analytical uncertainties (k= 2).
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Table 3. Changes in the amount fraction (mole fraction) of acrylonitrile at 5 nmol mol™! due to physical adsorption loss during

cylinder-to-cylinder division

Preparation mole fraction, nmol mol™! 5.20(x) 5.12(xg)
1% division mole fraction, nmol mol™ 5.12(x")
Analytical response 75.46(7")) 73.05(7" ;)
X Xy =X
Mole fraction, nmol mol’! 5.20 5.12
Expanded uncertainty (,=2), nmol mol’! 0.130 0.138
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