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Abstract: Calibration gas mixtures were prepared using dynamic volumetric method according to ISO 6145-
5 and the uncertainty was evaluated. Ten identical capillaries with 0.25 mm in inner diameter and 50 cm in
length were applied in this system. Dilution ratio of parent gas was determined by the number of capillaries
that passes parent gas and that passes balance gas through. Capillaries were made of Teflon which had good
chemical stability against adsorption of gaseous substances. Mechanical valves were introduced in this system
in order to minimize the thermal effect of solenoid valves. Concentration of prepared gases were compared
with master grade standard gases in cylinders made by RiGAS Co. and calibration of the instrument were

completed using comparison method according to ISO 6143. Experimental results showed that the coefficient
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of variance of diluted oxygen standard gases showed less then 0.2% in most dilution range, that of diluted

hydrogen sulfide standard gases showed less then 1.0%. Therefore, it is proven that the standard gases prepared

by this system are appropriate to be used as a calibration standards in ambient monitoring, etc.
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1) £33 H = (volumetric pump)*

2) 914 =% (continuous injection)’

3) 2439 (capillary device)®

4) 4A 223 2=H (sonic orifices)’

5) QAH 3 24 7](thermal mass flow controllers)®

6) Ek(diffusion)’

7) X 3}(saturation)'

8) = (permeation)'!
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Fig. 1. Setup for a capillary gas divider
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Fig. 2. Concentration results of standard gas CRMs in
cylinders and generated standard gases.
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Table 1. Repeatability of oxygen standard gas generation

(Unit:%mol/mol)
ek 20% 31494 80% 3]4]A]
4.03 16.39
4.05 16.38
4.05 16.38
20.84 4.05 16.40
4.06 16.39
4.06 16.40
4.06 16.40
B 4.05 1639
XA} 0.008 0.006
HE Bl 0.003 0.002
WEASE (%) 0.079 0.015
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Fig. 3. Response rate when concentration of span gas sets
from 0% to 100%
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Fig. 4. Response rate when concentration of span gas sets
from 100% to 0%.
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Table 2. Uncertainty of oxygen standard gas generation

(Unit:%mol/mol)

. ®F 7| =

= AR D ggc ](:/i)

HEg 23 A 0.003 3.5

20% AL Ede A 0.0021 24.6
3AA CRM &% B 0.0015 1.8
NExF HAF - 0.06 70.2

HiEAg B A 0.002 1.2

80% AL B3 A 0.021 13.0
3|AA  CRM E3x B 0.019 11.7
NEeIxF A= - 0.12 74.1
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Table 3. Calibration results of hydrogen sulfide standard gases (Parent Gas: Oxygen 15.01%mol/mol ©]-&-)

A A

R L ;;ﬁc; 54 A 2R e AL WA WA
(%) (Yemol/mol) (_";)mol /r;ol) (Yomol/mol) ¢ (%mol/mol) @A A) @A )
10 1.50 1.46 1.42 1.023 1.45 5.82 0.454
20 3.00 2.92 2.89 1.015 2.93 3.98 -0.143
30 450 4.40 439 1.004 441 2.54 -0.152
40 6.00 5.89 5.82 1.012 5.89 3.08 -0.099
50 751 7.38 725 1.016 737 351 0.193
60 9.01 8.89 18.79 1.016 8.90 2.86 -0.087
70 10.51 10.40 10.31 1.009 10.40 1.88 0.003
80 12.01 11.93 11.83 1.007 11.91 1.53 0.126
90 13.51 13.46 13.44 1.002 13.46 053 0.013
100 15.01 15.01 15.00 1.001 15.02 0.06 -0.039

Vol. 19, No. 5, 2006



374 od& - B - GEA} - o By - AVE
4 4
3 3
2 ] o
I R IR O ———————
c o -
T B B e SR S S o ° .
@ IS e °
3 = o [ ] [}
[m] A+ 8 R ! _______________
_2 4 2|
_3 4 -3 ]
4 — na ‘ ‘ ' '
0 2 4 6 8 10 12 14 16 2 40 60 80 100

Calculated Oxygen Concentration (%)
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Table 4. Calibration results of hydrogen sulfide standard gases (Parent Gas: Hydrogen sulfide 100.2 pmol/mol)

_ Vil = =37 wAE 7 H =} H 2}

3 41] (%) (m]r:’gl?mol) (mmoT/runkol) factor (mmool/m‘:))i) ( _T_,I_Z; ( g)) & ZE(_/:?)
20 20.04 19.58 1.015 19.87 2.33 0.861
30 30.06 30.08 1.004 30.20 -0.082 0.305
40 40.08 39.47 1.012 39.96 1.55 -0.675
50 50.1 49.63 1.016 50.44 0.95 -0.950
60 60.12 59.66 1.016 60.62 0.77 -0.827
70 70.14 69.69 1.009 70.30 0.65 -0.231
80 80.16 79.53 1.007 80.12 0.79 0.0531
90 90.18 90.42 1.002 90.59 -0.26 -0.448
100 100.2 100.85 1.001 100.95 -0.65 -0.744
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