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Development of Carbon Dioxide Isotope Reference Material in Air CHEN Huan-huan™ , LU Hai, XING Teng, REN Tong-
xiang ,CAI Wei ,ZHAO Bo (National Institute of Metrology, Beijing 100029, China)

Abstract: The implementation of energy conservation and emission reduction policies, as well as carbon sink calculations,
necessitate the classification of carbon dioxide emissions by their respective sources.Carbon isotope analysis has emerged as a
critical method for tracing carbon dioxide sources. High-accuracy carbon dioxide isotopic reference materials serve as a critical
foundation for calibrating measurement instruments and for the accuracy and comparability of carbon dioxide measurements.The
development of reference materials for carbon dioxide isotopes in air was described.A gas-isotope reference material was developed
using a gravimetric method.It was then divided into 380 mL aluminum alloy cylinders pressurized to 5. 0 MPa.The homogeneity of
the gas-isotope materials was tested:the F-value of the variance test was lower than the critical value,indicating that the reference
material exhibited satisfactory homogeneity. The stabilities of the gas isotopes were also tested by measuring the quantity of gas
isotope material at different cylinder pressures over a 12 month period, during which no statistically significant change was
observed ,indicating that the reference material exhibited excellent stability. The GasBench II -TRMS system was used to accurately
quantify the reference material. The uncertainty of the reference material value incorporates comprehensive considerations of the
homogeneity assessment, stability evaluation,and quantification process.Ultimately , the carbon isotope ratio (8”C) in the carbon
dioxide isotope reference material was —20. 926%¢ and the expanded uncertainty was 0.256%0 (k=2).Carbon dioxide isotope
reference materials establish metrological traceability standards for the detection of carbon isotopes in atmospheric carbon dioxide
and provide the metrological foundation and technical support for the implementation of the “dual carbon” strategy.

Key words : carbon isotopes ; gas reference material ; carbon dioxide ;isotope mass spectrometry ; carbon metering
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using the gravimetric method
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Tab.1 Resulis of homogeneity testing of the

reference material

Hlis=2 83C/ %o BT 1B/ %o
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3 -20.982 -21.045 =-20.752 -20.926
4 -21.056 -20.993 =-20.993 -21.014
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7 -21.190 -20.742 =-20.742 -20. 891
8 -20.919 -21.004 =-20.908 -20. 944

jlil=s 813C/ %o TP %o
9 -20.984 -20.984 -20.862 -20. 943
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Fig.2 Results of stability testing of the reference material
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Tab.3 Resulis of pressure release testing of the

reference material
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Tab.4 Results of §°C for both methodologies
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75 8"C/ %0 83C/ %0
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Tab.5 Characterization of 8°C value in the reference material

Fe 1M H2M %3 o5 4 555 %6 %7 o5 8

8 C/ %o 8 C/ %o 8B C/ %o 8B C/ %o 8 C/ %o 8 C/ %o 8 C/ %o 8B C/ %o

1 -20. 653 -20. 594 -20. 982 -21.063 -21.229 -21. 0356 -21.318 -21.261

2 -21. 156 -21.136 -21.045 -20. 830 -20. 665 -20.993 -21.169 -20.927

3 -20. 665 -20. 993 -20.752 -20.927 -20. 665 -20. 993 -21.169 -20.927

4 -20.725 -20.719 -20.919 -20. 883 -21.163 -20. 960 -21.093 -21.119

5 -21.119 -21. 199 -21. 004 -21. 086 -20. 663 -20. 760 -20. 705 -20. 782

6 -20. 663 -20. 742 -20. 908 -20.782 -20. 663 -20. 760 -20. 705 -20. 782

7 -20. 646 -21.244 -20. 882 -20. 984 -21. 064 -21.190 -21.128 -21.177

8 -20. 879 -21.159 -21. 090 -20. 984 -20. 832 -20. 742 -20. 842 -20. 862

9 -20. 829 -21. 067 -20. 842 -20. 862 -20. 832 -20. 742 -20. 842 -20. 862

T—H I 6 C/ %  —20.815 -20. 984 -20.936 -20.933 -20. 864 -20.911 -20.997 -20. 967

T — b o AR 2 0. 200 0.239 0.105 0.104 0.230 0. 165 0.226 0.176
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SbR O 22 0.187
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Tab.6 Uncertainty budgets of the reference material
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