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Development of 1-Butanol Certified Reference Material in Nitrogen
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Abstract: To support the effective implementation of environmental odor monitoring method stan-
dards, the 1-butanol certified reference material with a concentration of 60 pmol/mol in nitrogen was
prepared using the weighing method. The purity analysis of high-purity raw materials was conducted.
An analytical method based on gas chromatography was developed for sample analysis, and its preci-
sion, detection limit, and linearity were systematically evaluated. Furthermore, the preparation
technology for the 1-butanol certified reference material was established, the preparation repeatabili-
ty and coated cylinder suitability were also investigated. The minimum operating pressure and validity
period of the sample were determined through pressure release experiments and stability studies. Af-
terwards, the uncertainty of the 1-butanol certified reference material was evaluated. Results showed
that the analytical method exhibited excellent precision and linearity. The 1-butanol certified refer-
ence material in nitrogen displayed high preparation repeatability. The coated cylinders were con-
firmed to be suitable for preparing 1-butanol certified reference material in nitrogen. Pressure varia-
tions within the range of 10 MPa to 2 MPa had no statistically significant effect on the characteristic
values of 1-butanol. The characteristic values can remain stable throughout the 16-month validation
period, confirming long-term stability. Overall, the relative expanded uncertainty (k=2) of 1-buta-
nol certified reference material in nitrogen developed by weighing method was 2%. The certified val-
ues are fully traceable to SI units through rigorous calibration protocols. The 1-butanol certified refer-
ence material provides a reliable reference for enhancing the accuracy and comparability of odour
monitoring and quality management in China’s ambient air and industrial exhaust systems.

Key words: 1-butanol; standard gas; weighing method; pressure release experiment; stability;
gas chromatography
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Table 1  The purity analysis conditions for 1-butanol

Parameter GC-MS GC-FID
Carrier gas Helium Nitrogen
Chromatography column DB-624(60 mx0. 32 mmX1. 8 um) DB-624(60 mx0. 32 mmx1. 8 wm)
Column flow velocity 1 mL/min 1 mL/min
Temperature programming Initial temperature 40 C (ho]ding 5 min), rais- Initial temperature 40 C (ho]ding 5 min), rais-
ing to 80 °C at a rate of 5 ‘C/min, and then to ing to 80 °C at a rate of 5 “C/min, and then to

220 °C (holding 6 min) at a rate of 25 ‘C/min 220 °C (holding 6 min) at a rate of 25 ‘C/min




ERE wUKEE . R IE T EEbRE AR R B 99
(831)
Parameter GC-MS GC-FID
Split ratio 200 : 1 200 : 1
Injection volume 2 mL 2 mL
Injector temperature - 230 °C
Detector temperature - 250 °C
lon source EI -
lon source temperature 230 °C -
Quadrupole temperature 150 C -
Acquisition mode Full scan -
2 EARA A AT AR
Table 2 The purity analysis conditions for nitrogen
Parameter GC-PDHID
Carrier gas Helium
Chromatography column Column 1: 1 meter silicone filled column(60-80 mesh )
Column 2: two 1. 2-meter 5A molecular sieve packed columns (60-80 mesh) connected in series
Column 3: oxygen and argon separation column
Column 4: two 3-meter H-D filled columns(60-80 mesh) connected in series
Temperature programming Maintain a constant temperature of 35 °C for 18 minutes(6 EPCs control different boost programs)
Split ratio Splitless
Injection volume 1 mL(2 quantitative loops )
P =(1= P )X P (1)
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A« AEAET ERS I EE, mol/mol; x AEai Rt E &, mol/mol,
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Table 3 The analysis conditions

Parameter Instrument condition 1 Instrument condition 2
Carrier gas Nitrogen Nitrogen
Chromatography column DB-624(60 mx0. 32 mmx1. 8 um) DB-WAX(30 mx0. 32 mmx0. 5 jum)
Column flow velocity 3 mL/min 3 mL/min
Temperature programming Initial temperature 150°C, Initial temperature 120 °C,
holding time 4. 2 min holding time 1. 9 min
Split ratio 50 :1 35:1
Injection volume S mL 5SmL
Detector temperature FID: 50 C FID: 250 C

2 GRS

2.1 ER4GESTER
A IE T REAE Y B GC-MS VR4 M2 5, A B84 MIE TRE, T S T b 2- i,
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YA A5 0. 993 1 g/g, HHA0.973 8 mol/mol, el %S 3 L2 A% BT 8 PRI AE BB 2 W SR 5
FiR, RHA B AR S A B S AR 4 0. 999 994 7 mol/mol .
F4  IE T REAEY) I Sl 5y A 45

Table 4  The purity analysis results for 1-butanol

Content/(g-g ")

Component

1 2 3 4 5 6 Average
Isobutane 0. 0002 0. 000 2 0. 000 2 0. 0002 0. 000 2 0. 000 2 0. 000 2
1-Butanol 0.999 6 0.999 6 0.999 6 0.999 6 0.999 6 0.999 6 0.999 6
2-Pentanol 0. 000 1 0.000 1 0. 000 2 0. 000 2 0.0002 0. 000 2 0. 000 2
Water 0. 006 8 0. 006 0 0. 006 6 0. 006 2 0. 006 5 0. 006 3 0. 006 4
5 EAESMAEEE ST AR
Table 5 The purity analysis results for nitrogen
Component Concentration/(mol *mol ™) Component Concentration/(mol *mol ™)
Hydrogen 5.00x107° Carbon dioxide 2.10x107*
Methane 2.00x107° Carbon monoxide 1.20x10™®
Argon 4.74x10°° Water 1. 10x1077
Oxygen 5.13x107 Nitrogen 0.999 994 7
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R 10 MPa R E S TR R IETEE  Table 6 The comparison results of samples under
PRSI T AT, AT LS 1 B S different pressures
6. 7. 8. 10 MPa [FE S, , e )Eiij j{j 60 pmol/mol FLE HL Filling presssure/MPa Samp]el zulmbel‘ Deii(;alti;)sn/%
VEE 1R FCSE E /14 6 MPa RE S E A, SHHEAEE 2 0. 04
HF RS R A SRR 25, 98 IE TR T 2k ¥ -0.06
FEDFFBAERIN R AL, R ILE 6. ° . oo
6 mlJn, 13HAE FEIEE T FHOAES:, TR — 3 “0.22
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0. 37%. (G iR 2 SOMAE R Fe 28 SO Al e 5 fl 22 5 1 & — SR 25 RO R, IR A4
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AL ERFE S, FERANE ST B 3 bR, S
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(BN, LT A b E T REAR I A, 4y
BT 3 9600 TR 00 R E H S  E h E 16 4 1 G
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TR, ARHERE AN 0. 23%, 0. 18%, 0.20%.
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(IR R AE TS R R R 25 5, IR MDA 25 SR 3 7 B R
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Table 7 The evaluation results of short-term stability

n 1% e 2¢ a3

61.5

60.0

58.5

Concentration/(umol-mol™')

months

Concentration/( wmol *mol ™)
Sample number " t t

Before freezing After freezing e
I 59.01 59.10 59.01 59.10 58.96 58.96 0. 60
2* 57.20 57.15 57.15 57. 46 57.18 57.23 1.40 2.78
3* 58.12 58.03 58.03 58.27 58.13 58.18 2.63

7 A, 3AMMITESEIN ( /NTHBHE 4, BFEWKE o k0. 95 B ¢ A 50l 5(E
2.78, FHRESHIE T REFRESURTE-20 CORERTG N BRITE BE 2R, RS H A2 &
Er=A s, A Tk R T
2.6 ={EIb3T

BT E B N 0 TS S AT R A 1E T R bR AT ) S 2R R S O O b Ak, R
TRIBAHSE LN o S IRIERE S B B, RIS MR B IR AR & 55 13053 . PRk
& — IR AN (GBIT 5274. 1-2018) " e , AW 5T il 85 9 R IH] — R B /KT I 20 A AR T b
HETHAR (60 pmol/mol), BERUH: R UHFE A2k, 4390 55 Hofls SHEMEAT L XE , SR B B %F Ho X2 5
WITHE, EAEREARA ) PR, HZE R ML S R,

#8 B R

Table 8 The comparison results of characteristic values

Sample number X/ (pmol + mol ™) U/ (pomol * mol™) X,../(pmol- mol ™) U, /(pmol- mol™") IE |
I 62.7 0.940 62. 1 0.910 0.2
2* 56.6 0. 848 56.4 0.912 0.1
3* 62.9 0.943 62.3 0.910 0.2
4 62.6 0. 939 62.2 0.910 0.2
5" 60.9 0.914 60.5 0.912 0.2
6 60.0 0. 900 60.2 0.910 0.1
7* 61.6 0.924 61.2 0.916 0.2
8’ 58.8 0. 882 58.7 0.910 0.0
E, = Xiw = X (3 )

rrrrrr

A X WFESHORRUERL, wmol/mol; X, MFESHIIZIATE, wmol/mol; U(X,,) MFESHINY JEAH &
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B, pmol/mol; U(X,.. ) WFESHI T4 RENY BAFIEE, pwmol/mol,

HEU UL, SHFEMMIE <1, FUADEFEUEGIA A E T Rl <R B A R i) 2 A8
Tt
2.7 EEAHEETM

AR A S AR T bR R AR R ik , DAECHI VAR RS, AThEE 2k
il 8 AN RE L B SIVEASIAE P RERE PEANIE BE S5 2 B . K48 GB/T 5274. 12018, il & A
€ JE FEORIET 0 S T R R A B | FRE . BEURBTRSESIRNATEE, SitE, BTl
W 1) 2 BE ST 8 BE R 5. 293%107 mol/mol, FRE AT E Bk 7.222x107 g, JEIR BT & AT € BE R
2.990%107 g/mol, a4l AT E R 9. 526x107 mol/mol, FREATIEE M. 144x107° g, FEIR
F AT E LR 4. 907x107 g/mol, R IE T FEbRE AR ) 25 A0 € 24 0. 18%. HR4fE JIF 1344~
2023, FYEJHEAE RE BEER 3 2H 8 S AN R B TSRS SR s RAEL(0. 15%) , FoE PEAE & R 3 21
T P M AN R B T 2 R i RAEL (0. 23%) o RV IE T BE bR il S0 ) S (B A R AN 8 B TS
KK (D PR, AR RATE AR PR,

U, = J Uy, le + up,ess'wl2 t Uy, m]z (4)
K w AR REANAERE, %; u,,, OFEE SRS ARERE, %; u,. . ARERES]
NEFRSATRERE, %5 w,,, AFESIIRRE RS N AN E R, %.
U,=kXu, (5)
X U RS EEADSY RATHE B, %; kST, B2,

ZEH AT B AP SR ) Z S T BE R AR B AR ™ AN € SR 0. 66%,  Z545 7% JEAE )
RS G E R — € 22 R 1 75 Gl R AR I S 545 e oK LS P[] 2R bR S A B A T
ATE KRR Z, AR IE T IR AR A AR AN R B i Y 0E 5 2%

2.8 RAMR

AFAS I TR ) 80P T T b o A=A B P T 95 A P BT A v Ol B35 e M D o i
B 5 PR IR 220 0. 66%; W ] T Z8 PRSIV 50 A7 BR 23 7 506 B 75 Gy Mok ) Jo 42 ol F 7 vk
Bk, R SR HEE R 220 -0. 50%, JTikRE R A 0. 31%, W 45 REWIZARiE <k S (A A E v]
5, B0 7GR TS QR DB WA R E R, TR R AR R e S T TS TR
JAL o
3 & #

APSOETHE R EREET R, B EEDHRIIE ) 60 pmolimol MG R A&
B (k=2)H 2%, BEHEARAT 164 HIEORIE TREVRIESCHS, SARETE /42 MPa, Ak
RERA T e, AR SURACARE, AR T IR BB ORI P R B R
BT R MW SE . AEIRE A T
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