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Abstract: In this study, a new method for the analysis of high-purity nitrogen was developed. A gas
chromatography-flame ionization detector (GC-FID) was used for purity analysis. Certified reference materials
(CRMs) at a level of 3 umol/mol of carbon monoxide (CO), carbon dioxide (CO,), and methane (CH,4), which
may exist in high-purity nitrogen, were prepared using the gravimetric method, and these CRMs were used
for purity analysis. In this new method, ultra-high-purity and high-purity nitrogen were used as carrier gases.
The impurities in high-purity nitrogen were quantitatively analyzed by comparing the differences in the area
values of the GC chromatograms of the prepared CRMs. We purchased liquid nitrogen and three bottles of
nitrogen gas, which were produced by three different manufacturers, using high-purity nitrogen. Furthermore,
to validate the developed purity analysis method, the fraction of impurities in high-purity nitrogen was compared
with the results of the typical purity analysis method. The comparison results were consistent within the expanded
uncertainties (k= 2).
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Fig. 1. Schematic diagram of workflow for the CRM preparation and dilution steps. In each dilution step, the gas mixture

was gravimetrically prepared.
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Fig. 2. Schematic diagram of the experimental instrument. In method 1, the high purity N, and the CRM were used as the
sample and ultra-high purity N, was used as the carrier gas (blue). In case of method 2, the CRM was used as
the sample and high purity and ultra-high purity N, were used as the carrier gas (red).
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Table 1. Analytical conditions of GC-FID

Instrument

GC Agilent 6889 N

Detector
Detector Temperature
Oven Temperature

Column

Carrier Gas

Flame Flow (H,, Air)
Sample Flow

Sample Loop

Valve load time

FID

250 °C (Methanizer 375 °C)

75 °C

Porapak Q, 2.74 m + 2.74 m +
3.96 m

N,

45 mL/min, 450 mL/min

30 mL/min

10 mL

0.1/2.1 min
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Fig. 3.

The internal consistency of gravimetrically prepared cylinders.

Analytical Science & Technology



Development of analysis method for high purity nitrogen using GC-FID/Methanizer 253

Q A ¥ (Aglient, G3591-81016 (2.74 m), 305905927/
083000 (3.96 m))= AFE3I o, H7FAS 452
1 9 32.6 mLE Z853Uc}

3. &1 9 E9

&8 A%t
A

£ Z 1% 7] (cylinder no. D920053 (0.9 cmol/mol),
cylinder no. D948649 (3 pumol/mol))>. 2 A& 3} 1}
w2 CRMS #4135l Jastda 1 435 Fig. 3
o JeRltt. Fig. 391 ¥ ¥ Normalized sensitivity=
Zkzbe] A-Y e 717] A=E JE A-™de 717 %
=2 YHE Aqste 2= 9u|dtt. Fig. 39 (a),
(b), (¢)= 0.9 cmol/mol CO, CH,;, CO, CRM 441 7+9]
A WRLIXG H7E Aol d), (o), D=
3 pmol/mol CO, CH,, CO, CRM 3% 7Fe] A &4
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Table 2. The amount fractions of gravimetrically prepared 3

bottles of CRM
Cylinder An’lOl:lIlt Expan(.ied
No Component Fraction uncertainty
’ (umol/mol)  (umol/mol, k= 2)
CO 3.287 0.011
D948789 CO, 3.251 0.009
CH, 3.181 0.009
CO 3.423 0.011
D948764 CO, 3.158 0.009
CH,4 3.252 0.009
CO 3.327 0.011
D948649 CO, 3.237 0.009
CH, 3.337 0.009
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Fig. 4. The chromatograms of CO, CH,, and CO,. The red
line represents the chromatogram of CRM obtained
using ultra-high purity nitrogen (99.9999 %, 6N N,)
as the carrier gas, the green line represents the
chromatogram of liquid nitrogen (LN,) obtained
using ultra-high purity nitrogen as the carrier gas.
The blue dot line represents the chromatogram of CRM
obtained using liquid nitrogen as the carrier gas.
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Table 3. The amount fractions of CO, CO,, CHy, as impurities in the high purity N, gases obtained of each method. The
numbers in the parentheses are represented the expanded uncertainties in the last digit (k = 2)

Method 1 (umol/mol) (umol/mol) (umol/mol) (umol/mol)
co 0.270 (2) 0.291 (2) 0.120 (2) A= 314 o) 3}
Co, A% 87 o5t 0.052 (1) AZ A o]3) 0.125 (1)
CH, A& A ols) HE A ol3t A= g olst AE A ol3)
Liquid N, N, (A) N, (B) N, (C)
Method 2 (umol/mol) (wmol/mol) (umol/mol) (wmol/mol)
co 0.271 (4) 0.289 (4) 0.117 (3) AZ 3 o3}
Co, A% 3 ol8 0.059 (8) A% 3 ol8 0.128 (2)
CH, HE S ols} AE A ol3} AZ ¢ olst HE A ol3t
oJm it YT BEEY 2% B8 A vnss o,
AcrurE IATE A4S SWIFEE ALESlo] A2 B3 (k=2) YelA dxs= AL S5tk
CRMS] A& ol tigt Z2ntEd 93 HH S 9 Al GCE A3 o8 AFddMeE W7t
n] gkt 2 AMEHE 47 ES HEY SRR glo] AL
e A (HF @F ol&st c=8A HH w 313 Ut 7|2 AT EFEE B4 HolHE vt
E AP IeE AW BEES] AT S Fo 2 dd RS &8t uvkrt o
S 239} 97 Table 30 YEbHTh B3 4 A olFol 5

2
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(o]

4.4 =
2 Apde e 4o W) 2EES BT 4
e AZe FEZAPS NG EF ol

3 3 pmol/mol =2 Y AFsFERA(CO), ©]4tstEr
(COy) % WEHCHy) UZEFEZ S Az +
Ao AA Wk AzAL 2]

L

gz 3
S ALE AFRSIATE 99.9999 %L 24
= R

2]

=

SRR ARt A ETEAS £ 8
wel ARvtEad V3 WAG A AaE el
7hER ARESlE Wel ARvtEay =] W

Aol o8-8t wEEe] SAY B4 APkt
ATt cERAYOR A ek Fa W =
=9 22 285 71F £EZHWE ol 85t

2(GP2022-0005)]

TE TIRBANILYS

I _]0(,

SERICE

References

1. Y. W. You, D. G. Lee, K. Y. Yoon, D. K. Moon, S. M.
Kim, and C. H. Lee, International Journal of Hydro-
gen Energy, 37(23), 18175-18186 (2012).

2. International Organization for Standardization, ISO
19229:2015 Gas analysis — Purity analysis and the
treatment of purity data, Geneva, 2015.

Analytical Science & Technology



Development of analysis method for high purity nitrogen using GC-FID/Methanizer 255

3. P. Coning and J. Swinley, In ‘A Practical Guide to Gas

10.

Analysis by Gas Chromatography’, p 45-75, Elsevier
Inc., Amasterdam, 2019.

. W. Jennings, E. Mittlefehldt, and S. Phillip, ‘Analytical

gas chromatography’, 2nd Ed. Academic Press, 1997.

. O. Zuas and M. R. Mulyana, French-Ukrainian Jour-

nal of Chemistry, 5(1), 35-47 (2017).

. P. S. Yong and H. M. Moon, Journal of Industrial and

Engineering Chemistry, 8(6), 499-505 (2002).

. M. R. Mulyana, H. Budiman, O. Zuas, and A. Hindayani,

Journal of Physics, 1153(1), 012035 (2019).

. P. Coning and J. Swinley, ‘A Practical Guide to Gas

Analysis by Gas Chromatography’, Elsevier Inc.,
Amasterdam, 2019.

. G. Castello and G. D’ Amato, Journal of Chromatogra-

phy A4, 32, 625-634 (1968).
International Organization for Standardization, 1SO

17034:2016 General requirements for the competence

Authors’ Positions

Jei You : Graduate Student

Jin Bok Lee : Engineer

Jin Seog Kim : Principal Research Scientist
Woonjung Kim : Professor

Kiryong Hong : Principal Research Scientist

Vol. 35, No. 6, 2022

12.

13.

14.

15.

17.

of reference material producers, Geneva, 2016.

. International Organization for Standardization, ISO

6142-1:2015 Gas analysis - Preparation of calibration
gas mixtures — Part 1: Gravimetric method for Class I
mixtures, Geneva, 2015.

M. J. T. Milton, G. M. Vargha, and A. S. Brown, Metrolo-
gia, 48, R1-R9 (2011).

J. E. Kim, J. B. Lee, J. S. Kim, I. Yang, and K. Hong,
Metrologia, 59, 055003 (2022).

S. H. Oh, B. M. Kim, and N. Kang, Metrologia, 50(4),
318-324 (2013).

N. Matsumoto, T. Watanabe, M. Maruyama, Y. Horimoto,
T. Maeda, and K. Kato, Metrologia, 41, 178-188 (2004).

. B.S. Ahn, D. M. Moon, J. B. Lee, J. S. Kim, J. H. Lee,

and K. Hong, Analytical Science and Technology, 33(2),
68-75 (2020).

M. J. T. Milton, F. Guenther, W. R. Miller, and A. S.
Brown, Metrologia, 43, L7- L10 (2006).



