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ntroduction

Description of the dynamic calibration system

> Schematic view
> Branch exhaust system (main feature)
> Uncertainty analysis

Dilution performance

> Repeatability and reproducibility
» Linearity

System validation: accuracy of the gas dilution

Dynamic calibration of the compressed air sample

Discussion



-uture climate projections and global CO, cycle
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Carbonyl sulfide as a new carbon cycle tracer

3
Anthropogenic ° Carbonyl Sulﬂde(COS)
Emissions
_l %%S v" Most abundant S-compound
v' 350-600 ppt (CO, x 10-6)
v' Similar Source and Sink of CO,
ff
<. Gas exchange by plants
(FromiY akir Nature 2017)
Global cycle of CO,and COS Ratio of the absorption velocity
D Veoo/ Veos = @
Veoor i
PhotosyntheS|s G PP — 0 X A COS
ACO2
Respiration i : Photosynthesis CO, fixation
Veos i GPP : Gross Primary Production
' uptake i COS i
S . » COS can be a GPP tracer

Main concept of COS as the tracer Measurable



Problems in long-term observation of COS
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COS monitoring in the STD gas

o COS driftin a cylinder > Atmospheric COS variability

> Limited knowledge of global distribution, seasonal and
annual variability



Qur approach to the STD gas problem
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> We developed a high accuracy dynamic dilution system for long-
term monitoring of atmospheric COS




Schematic view of the dynamic dilution system
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« Parent gas (gravimetric): 1.01 ppm COS + 1.00 ppm HCFC-22
« Diluent gas : high purity nitrogen > 99.99995 vol.%



Branch exhaust system
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« The branch exhaust system was installed to minimize the pressure
fluctuation of the parent gas flow and COS-specific dilution bias by
increasing the discharge amount of the parent gas from the cylinder

chamber



Dilution performance of the system

Generated mole fraction Uncertainty
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« The dilution system can generate a wide-range of COS mole fraction
observed in the atmosphere from 1 ppm gravimetric standard

« The combined uncertainty for the gas dilution without uncertainty from

gravimetric preparation shows sharp decrease below the flow rate of 1 sccm
for the parent gas

> COS dilution uncertainty should be less than 0.3%
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O Evaluation at constant dilution ratio 2000: diluent 5000 and parent 2.5 sccm,
expected COS and HCFC-22: 500 and 495 ppt

Repeatability : COS < 0.4% RSD, HCFC-22 < 0.7% RSD
Reproducibility : COS = 0.02% RSE, HCFC-22 = 0.28% RSE
The ratio suggests no significant bias for COS (e.g., adsorption)

> Excellent repeatability and reproducibility was obtained



Dilution linearity

Diluent: 5000 sccm

Parent: 2.0 — 3.0 sccm COS HCFC-22
1,15 EI L I T T 1T l T T 1T I T T TT I T 1T VE 2,1 T T TT I 1T l 1T [ 1T [ 1T T 1T T T ]
° 110 = |ncrement E g 20 £ Increment =
£ 1.05 = Res 099 7 84,9 F R>09 E
3 1.00 — -4 2 C .
o = SR - 3
o 0.95 - S 18 ¢ ]
S 090 - K7 3
o E = I ]
_&’ 0.85 £ Sl 1.6 =
g 0.80 - -4 N 15 - ]
5075 - Decrement 4 g '~ ¢ Decrement
070 - R%>0.99 - 214 - R2> 099 -
0.65 T: Jllll‘illjllll: 1.3 :11 1‘11|J|1||1[111\llilwllll .
— 1.5 El || I|| |I‘I T I| NYI{ IIY: — 3 :I T [ T TT I T TT [ T TT ‘ T TT | 17T IE
§ 1.0 = E ‘g 2 ° E
= 05 - ° o 4 = 1E =
— E = -_ e [ ) O =
S 00 —-5-w--—- e T N g
k=] E ® E k] = 3
w "0.5 ° o E S B ° E
e -1.0 = - £ 2 =
-1.5 Ev oo b b P by g 103 -3 TN N AT AN AN A e
KResiduals — were  calculated 350 400 450 500 550 600 650 350 400 450 500 550 600 650
based on the calibrated Wrk STD
value later Molbloc COS mole fraction (ppt) Molbloc HCFC-22 mole fraction (ppt)

« Excellent linearities were obtained for COS and HCFC-22 (R? > 0.99)
e Residuals distributed within £ 1.5 ppt for COS, £2.0 ppt for HCFC-22

« No significant memory effect from the previous dilution



Accuracy : Comparison

with gravimetry

Gravimetric °
Manufacturer dylution Manufacturer
COS :1.01 ppm >
HCFC-22 : 1.00 ppm HCFC-22 : 500 ppt
Parent gasi
FLUKE votson Dilution ratio : 2000

55| | cos 500 ppt
2908 ] | HCFC-22 : 495 ppt

Dilution accuracy was validated
by comparing the methods
between the dynamic dilution
and gravimetry followed by the
GCMS measurements

o Reference o The mole fraction of HCFC-22

(CH| [F gas d by the d o dilut

Dynamic dylution generated py the ynamic lution
Sample method agreed well with that

‘ from gravimetry on the GCMS

i measurements

Molbloc ¢——2TP21E0 y GeoMS

e Parent gas : Gravimetric preparation i

Molbloc : dilution ratio 2000 495.77=0.12

Gravimetrically diluted parent gas 493.71*0.77

~2.06+0.78

> Good agreement between the dynamic and gravimetric method



Dynamic calibration of COS and HCFC-27

Mole Standard Mole Standard
fraction deviation fraction deviation Lo HCRC=22

- COS (ppt) HCFC-22 (ppt) Assigned value (ppt)
BELY;

554.68 1.20 288.85 1.53
554.65 1.03 288.61 0.53
554.72 2.01 288.51 1.02 5i501%.1531 2i809.'3141
554.52 1.87 290.37 1.81
554.00 1.23 289.25 1.48

O The compressed air sample filled in 48L aluminum cylinder used as Wrk STD
in this study was calibrated

Repeatability (typically n=b) Reproducibility (N=5)
> COS 1.5 ppt (RSD:0.27%) » COS - 0.1 ppt (RSE:0.02%)
> HCFC-22 :1.1 ppt (RSD:0.44%) » HCFC-22 :0.3 ppt (RSE:0.12%)

> COS and HCFC-22 was calibrated accurately by the dynamic
method on the temporal absolute scale



Discussion

« Qur pilot study revealed key factors for the accurate dilution
v' Stabilizing the flow pressure of the parent gas
v’ Rigorous pressure matching (within =0.3 kPa )
v" Increase the parent gas flow rate;: > 10 sccm
> Install the branch exhaust system

« Detection of inter-annual variability of COS
v COS shows a few ppt of inter-annual variability
v" The dilution performance for 500 ppt COS generation
m Repeatability : about 1.5 ppt (h=5H)
m Reproducibility : about 0.1 ppt (N=b)
> Frequent calibration allow to investigate the inter-annual variability

« Application of the dynamic calibration system to other gases

v" Advantage : dilution ratio can be easily changed
v Unstable gases like COS (e.g., NOx, SOx, VOCs-+*)
> The system can contribute to maintain CO scale



Conclusion and future study

Conclusion

« We developed high accuracy dynamic dilution system for the long-term
monitoring of atmospheric COS

« The system showed excellent performance including repeatability,
reproducibility and linearity, and the dilution accuracy was well validated

« We demonstrated that the dilution system was sufficiently capable of

providing COS scale to reveal atmospheric COS distribution, seasonality
and long-term trends.

Future study

v' We are going to develop absolute calibration method to determine ppm-
order COS standard precisely to establish our COS gas scale

v We will improve the dilution system to automate all dilution process

> Reduce the amount of STD gas consumption
> Check the impact of automated pressure regulation using piezo valve



Supplemental information

-Results from pilot study-



EX-S1: Only mass tlow control
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« Logarithmic increase was observed for COS and HCFC-22 while the
ratio distributes around the Molbloc value

« The parent flow pressure showed linear increase in response to
increase the sample number, implying the pressure influence
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Pressure regulation(stabilization) and matching between the parent and
diluent within 1kPa at least resulted in improvement of HCFC-22

dilution, but not for COS

The ratio showed similar logarithmic increase with that for COS due to
the COS increase, suggested COS-specific dilution bias




EX-S3: increase the parent gas tlow rate
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« Brewer et al. (2014) reported the flow-dependent dilution bias for SO,
and CO dilution: diluted mole fraction was inversely proportional to the
parent gas flow rate using the similar dynamic dilution system

« By increasing the parent gas flow rate from 2.5 to 10 sccm, dilution
accuracy was improved significantly although amount of the logarithmic
increase was not proportional to the parent gas flow rate

« T[he ratio distributed along the nominal ratio after 3th sample, suggesting
negligible impact of the COS-specific dilution bias, which might be caused by
COS absorption



Summary from the pilot study

« The pilot experiments suggested:

v' The pressure regulation and the matching is needed for the
accurate dilution at least

v’ Increase the parent gas flow rate can improve the dilution
accuracy as well as minimizing the COS-specific dilution bias

> We improved the dynamic calibration system as:

v The flow pressures should be regulated rigorously within the
difference £ 0.3kPa based on Molbloc reading

v The branch exhaust system was installed to stabilize the flow

pressure of the parent gas and increase the discharge amount of
the parent gas from the cylinder

v' Sufficient line rinsing should be made to minimize the impact of
COS absorption/adsorption



