=R P ZE AR R R AR A R

MK, ki, ARG, AERAE, Kih, i
ChETFERZEG TR, dEa( 100029)

B ST BE IR AN T SRR 75 2 X 70 A RIS — Bk, BRI AL R B OB i) — A HORIERN T &
TS 1) — AR RIS AR U 5 P RS IR A 2% 2 RAIE — S A B 2 &5 SR v M A AT LUk ) P i it X S
BT AR AR R AL AR AR R AR AR . AR R L AR HE TR S B %, /2T 380 mL MARA S
R, AR I 5.0 MPao XTI S R AL SRR AEYD R BEAT S SO HEAGSG, T7 ZE R BOAIE SE AR E M T S M R AT X%
PRAED AT BE IS A1 A )78 Ak A g PEAR G o 20 AIFEAS R SO 260 R 12 AN H NHMT SAE 542, ArdEv i B 7E
it LA RARE, Rt R, @i GasBench I-ZESEJ AT AL FJ5 BB 40470 (GasBench II-IRMS) #ET &
{8, FRAEE AT E B R T BV R G e RS . R, R R R R AR U T R A N 61°C
N-20.926 %o, ANHEEHN 0.256 %o (k=2) o FTRFFHIIK AT R A7 22 b vl 0 0] LA 28 SR A T R Bk (R A7 2% Al 42
P WIRRR I, S0 B SR A T B R AN R R S

MR BRAIGI R AAREYIRG R RALRFURE; iR

FE S TBY9; 0659 SCHRBR G : A &GS 0258-3283 (2026) --
DOI: 10.13822/j.cnki.hxsj.2025.0146

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. This
study describes the development of reference materials for carbon dioxide isotopes in air. 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-IRMS 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 (6'*C) in the
carbon dioxide isotope reference material was -20.926 %o and the expanded uncertainty was 0.256 %o (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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Tab.1 Results of homogeneity testing of the reference
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Tab.2 Results of stability testing of the reference material

fieliny 013C/%o I

material
BT
s 63C/%o
1E/%o
1 -21.167 -20.695 -20.695 -20.852
2 -21.063 -20.830 -20.927 -20.940
3 -20.982 -21.045 -20.752 -20.926
4 -21.056 -20.993 -20.993 -21.014
5 -20.594 -21.136 -20.993 -20.908
6 -21.119 -20.782 -20.782 -20.894
7 -21.190 -20.742 -20.742 -20.891
8 -20.919 -21.004 -20.908 -20.944
9 -20.984 -20.984 -20.862 -20.943
10 -21.064 -20.832 -20.832 -20.909
11 -21.221 -20.752 -20.752 -20.908
12 -20.883 -21.086 -20.782 -20917
13 -21.229 -20.916 -20.916 -21.020
14 -21.128 -20.842 -20.842 -20.937
15 -21.119 -20.782 -20.782 -20.894
JENIN
-20.927
¥
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Fig.2 Results of stability testing of the reference material
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Tab.3 Results of pressure release testing of the reference

material
SE RS R4 H2l 3 W
(Mpa) 513C/%o 513C/%o 813C/%o
5.0 -20.853 -20.778 21216
39 -20.993 -20.806 -21.705
2.8 -20.844 -21.197 -20.980
1.6 -20.725 -20.889 -20.588
0.5 -20.768 20727 -21.049
F 1.10
Fo 3.48
24 ArdEYIEE
2.4.1 A
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Tab.4 Results of 0'*C for both methodologies
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Tab.5 Characterization of 6'3C value in the reference material
o ERE ) 529 539 W45 EORE ) 5 6 i W7 8
e 63C/%o 13C/%o 13C/%o 63C/%o 63C/%o 13C/%o 63C/%o 13C/%o
1 -20.653 -20.594 -20.982 -21.063 -21.229 -21.056 -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
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Tab.6 Uncertainty budgets of the reference material
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