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We conducted a study to fully understand the carbon dioxide (C02)
adsorption and the fractionation of CO2 and air during the preparation. The amount of C02 adsorbed
on the internal surfaces of a 10 L aluminum cylinder when preparing a standard mixture with
atmospheric C02 level was estimated. It showed that the deviation of CO2 mole fraction was caused by

the fractionation of CO2 and air in the transfer a source gas (a CO2/Air mixture with a higher C02
molar fraction than that in the prepared gas mixture) during preparation process of standard gas
mixtures. Additionally, we established a method to prepare standard mixtures by diluting the pure
C02 with the air only once, to avoid fractionation during the preparation. The evaluation of
standard mixtures prepared by multistep dilution based on the standard mixtures prepared using the
established method indicates that the deviation is larger than a compatibility goal of WMO.



CO, CHa4 N2O
WMO
COz 0.1 pmol/mol
WMO
5
WMO
2000 CO2
2015 CO;
CO; CO; 400 umol/mol
0.028 pmol/mol WMO 0.1 pmol/mol
CO2 400 pmol/mol
CO; COJ/AIr
CO; CO;
CO;
CO; CO; 3 2
3 COa/Air
10MPa COJ/AIr
CO; CO, Air
CO;
CO;
CO2 10L
CO/AiIr 11 MPa 0.1 MPa
CO; CO2 CRDS
CO; Langmuir model
1) CO;
'K-(P—P,) . Py-(1+K-P)
Xco,meas = Xco,,ed * ( Tzp T(L+K-Po):In (P_(:L , K-T’o))) + Xco,,initial 1
Xl':l'ia_nma: CRDS COZ XCO;.ad
CO, X0, initial Po CO2 K
P Po
Levenberg-Marquardt
10L 481
10L COa/Air
CO; CO;
COZ Xbe‘ore COZ Xout



Xoetore = @ * Xout 2
CO, X
3
X PN\*?t
Xo (P_) 3
Po P Xo Po CO;
CO, Air COJ/Air
CO, Air 1
CO2 1
CO; 700 mg CO,
0.16 mg CO,
C02 COZ
CO2 7
11 MPa 2 MPa S T | T T
0.05 umol/rnol C02 - Kep, =361.22
— P,=11.376
5 %614y Koo, 20034 | ]
COZ E K=0.001
g 361.3: D A
CO, k]
COZ E 361.2 -
1 o
7 a61.1 L 1 . L 1'
CO; 0.027 umol/mol T e
1
CO; 10L COo,
11IMPa CO2
0.027 + 0.005 pmol/mol
CO; 00 T T T T
Fa)
uf . o
-0.2 E— . L I —E
10MPa  1MPa 100L 2 Uk , l , l
10 L/min 2 g o 200 400 600 800 1000
COZ \% 00 | : Trlansfer\llolume EL) | |
CO, cO, § L . ' )
co, g oaf . w
Q F ]
O oatC I 1 1 ] 1 1 | b
3 _g 0 z é’ressure of Mot?\er cylirlger (bar) b 10
2 g oop ) T T T T
2 c
3 CO,/Air © ok . E
CO; 02 ;— . . . B
03 b I I L 1 ]
C02 ° % Trar:s?fgr Speed (Bronin) 200 20
2 COJ/AiIr
2 CO2
0.99968 a) b)
CO; 400 pmol/mol c)



COz 0.23 umol/mol

CO»
CO» CO»
3 CO;
CO; 400 pmol/mol 11 MPa 1 MPa
CO, 0.30 £ 0.09 pmol/mol +
3 CO2
CO, 5022.46 pmol mol™? (CO/AIr) 400
pmol/mol CO2
11 MPa 1 MPa CO; 3 CO2
CO»
3 CO, 00 ‘ ‘ , ,
JCSS =
1.999999 + 0.000007 g Eail .
5.000022 + 0.000009¢g 10.000015 + 0.000013 3 I
g 20.000038 + 0.000018 g R J"I """"" S eoescoaoas s
I
0.04 . ! co, ol fracton (..:1?:] mol™) o o
mg 3 3
CO, CO,
0.1 pmol/mol
1 3
CO, CO;
3 3
CO; CO; CO; 0.207 £ 0.060
pmol mol? COz
CO2 0.200 + 0.032 pmol mol™?
CO,
CO;
CO; 1
CO,

CO2



3 1 1 2

Nobuyuki Aoki, Shigeyuki Ishidoya, Yasunori Tohjima, Shinji Morimoto, Ralph F. Keeling, Adam 14

Cox, Shuichiro Takebayashi, and Shohei Murayama

Intercomparison of 02/N2 ratio scales among AIST, NIES, TU, and SIO based on a round-robin 2021

exercise using gravimetric standard mixtures

Atmospheric Measurement Techniques 6181-6193
DOl

10.5194/amt-14-6181-2021

Nobuyuki Aoki, Shigeyuki Ishidoya, Shohei Murayama, and Nobuhiro Matsumoto -

Influence of adsorption of C02 on cylinder and fractionation of CO2 and air during preparation 2022

of a standard mixture

Atmospheric Measurement Techniques Discussion -
DOl

10.5194/amt-2022-41

Teruo Kawasaki, Atsuya Kinoshita, Yousuke Sawa, Akihiko Murata, Shinji Morimoto, Shohei -

Murayama, Toshinobu Machida, Motoki Sasakawa, Kazuhiro Tsuboi

Report of the Fifth Methane Reference Gas Inter-comparison experiment for Japan, from 2018 to 2021

2019

GAW Report No.263

DOl

co2

69

2020




Nobuyuki Aoki, Shigeyuki Ishidoya, and Shohei Murayama

Influences of thermal fractionation and adsorption on CO2 standard mixture gravimetrically prepared using multiple steps

The 20th WMO/IAEA Meeting on Carbon Dioxide, Other Greenhouse Gases, and Related Measurement Techniques

2019

26

2021

Nobuyuki Aoki, Shigeyuki Ishidoya, Yasunori Tohjima, Shinji Morimoto, Ralph F. Keeling, Adam Cox, Shuichiro Takebayashi and
Shohei Murayama

Inter-comparison of 02/N2 scales among AIST, NIES, TU, and SIO using primary standard mixtures with less than 5 per meg
uncertainty for d(02/N2)

The 20th WMO/IAEA Meeting on Carbon Dioxide, Other Greenhouse Gases, and Related Measurement Techniques

2019

, , , , Ralph F. Keeling, Adam Cox, )

24

2019




Shigeyuki Ishidoya , Shinji Morimoto, Kazuhiro Tsuboi, Satoshi Sugawara, Daisuke Goto, Nobuyuki Aoki, Shohei Murayama,
Yosuke Niwa, Shuji Aoki, Hidekazu Matsueda, Kentaro Ishijima

Preparation of 02/N2 dataset from the surface to the middle stratosphere around Japan traceable to NMIJ gravimetric scale

Japan Geoscience Union Meeting 2021

2021

(Ishidoya Shigeyuki)

(70374907) (82626)

(Murayama Shohet)

(30222433) (82626)




