hitps ://hxsj.cbpt.cnki.net fb2#i83  CHEMICAL REAGENTS 5548 B 5 W

TEY Y]

e e

ETHEHTEMANSESTUNZTISZESRMNTEZRR

B EA FA BWE, LR, TEH
(BRI LR #1% 266101)

WE B A VR RE I AR EEOR | B W5 S BT 25 RO HERA R 8 TR I Uk A= s TR RE AT & K i
GB 18285—2018 Z&3K , it T —Fi i Fi s FL AR B 2T AN SR AT AR N 25 SR AR A PERE Y 5 1k, T8 Bl A8 B B A
RIS ) B A TEAR HE SRR B 2 B AR SR AR T R R 8 W AR, SCOP AR “ S B R R, A B AR 4 21 SRR 1A
SIHTON S5 PR SR B B AE , I8 AT AR S AR S ik LB, IR B B IEARHE SR B 5 A
A B.C 3N RE LA, i S P B AR B 2T AN AR A3 BT A4S B ) VAL, I 15 S35 s i AR 19 i) R A8
B, GPREW 3 AT ZERREAGEN 2 EARR BOR  Z M EE R R E SRR b iy R4 R, 85 7%
AR MR g AR MR EE S %

KB BA L AA AR Y  EAS LT SNSRI BT SRR R A K B

FE S S 065 XERFRIRAY A X ELR S 0258-3283(2026) 05-0048-06

DOI; 10.13822/j.cnki.hxsj.2026.0009

Research on the Detection Method for Zero-Gas Generator Based on Fourier-Transform Infrared Gas Analyzer LV Li " ,
XIA Chun, LI Jian, CHENG Li-ping, WANG Hai-yan, YANG Qian, WANG Guo-juan ( Qingdao Institute of Measurement
Technology , Qingdao 266101, China)

Abstract : The performance of a zero-gas generator directly affects the accuracy of the subsequent analysis results.To determine
whether the performance meets the requirements of the national standard GB 18285—2018, a detection method incorporating a
Fourier-transform infrared (FT-IR) gas analyzer was designed. Various nationally certified standard gases were dynamically diluted
to the specific concentrations required by the national standard for detection, which are referred to as “reference standard gases”
in the text.The FT-IR gas analyzer measured the responses of the reference standard gases,and the detection limits of the analyzer
were determined for various reference standard gases. National certified standard gases were successively input into zero-gas
generators from three different manufacturers: A, B and C.The responses of the output gases were measured using the FT-IR gas
analyzer and then divided by the responses of the reference standard gases.The results showed that the zero-gas generators from all
three manufacturers met the requirements of the national standard.The robust performance of this method for the calibration and
assessment of detection capability of zero-gas generators improves their detection efficiency and reliability, providing an important
reference for the quality detection of zero gas.
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Tab.1 Concentration requirements for each component

of the zero gas
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Fig.1 Measurement diagram of reference standard

gas response value
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Tab.2 Concentration before and after dilution with

standard gas ( pmol/mol )
PRESRZTE iR SRR
Cco 50. 24 1
NO 51. 60 1
NO, 20.70 1
CH, 99.90 1
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Fig.2 Schematic diagram of the equipment connection

for introducing standard gas into the zero gas generator
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Tab.3 Summary of uncertainty for reference standard gases

Sk u(eg )/ % w(k)/%  ulco)/% Ulcy)(k=2)/%
co 0.40 0.51 0.65 1.3
NO 0.50 0.51 0.72 L5
NO, 0.75 0.48 0.90 1.8
CH, 0.50 0. 50 0.71 15

26 3 AT LUE Y, & 420 S AR M R AN B 5
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Tab.4 Resulis of the detection limit response value

( pmol/mol )
- Sk
o NO NO, CH,

1 0. 788 0.928 0. 856 1. 098
2 0. 823 0.936 0. 871 1. 084
3 0.759 0. 909 0. 894 1. 068
4 0.770 0.919 0. 874 1.051
5 0.812 0.879 0. 855 1.032
6 0.771 0.941 0. 843 1. 055
7 0.775 0.934 0. 867 1.072
8 0.758 0. 891 0. 878 1. 059
9 0. 803 0.925 0. 872 1. 075
10 0.778 0.933 0. 868 1. 089
SD 0.022 0.021 0.014 0. 020
LOD 0. 067 0. 062 0. 042 0. 059
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Tab.5 Summary of uncertainty for Y value

Sk ue)/%  ulc;))/% u (Y)/% ULY)(k=2)/%
co 0. 65 0.70 0.96 2.0

NO 0.72 0.67 1.10 2.2

NO, 0. 90 0.45 1.10 2.2

CH, 0.71 0. 64 0.96 2.0
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Tab.6 Results of repetitive response value

(' pmol/mol )

WHL U

co NO NO, CH,

1 0. 863 0.942 0.916 0.985

2 0.859 0.931 0.925 0.978

3 0.872 0.919 0.934 0.974

4 0.879 0.929 0.928 0.981

5 0.873 0.932 0.921 0.975

6 0.878 0.941 0.930 0.972

THME 0.871 0.932 0.926 0.978
RSD/% 0.8 0.8 0.6 0.5
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Tab.7 Results of response values for each component at

different concentration ( pemol/mol )
B H e
cO NO NO, CH,
0.4 0.352 0.376 0.372 0. 396
0.6 0.528 0.562 0. 560 0. 591
0.8 0. 705 0.750 0. 744 0. 786
1.0 0.871 0. 946 0.931 0.982
1.2 1. 054 1.142 1.114 1.177
1.4 1.234 1.324 1. 308 1. 381
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Fig.3 Linear relationship between theoretical values and

response values of each component
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Tab.8 Measurement results of the response values of

each component gas

Sk BERME

KA/ B/ c/

HK /e JRAce, T RKBley, J HKC/e,
0.788 0. 360 0.771 0.526
0.759 0.325 0.735 0.516
co 0.812 0.350 0.767 0.521
0.775 0.372 0.767 0.515
0. 803 0.358 0.743 0.520
SEHE 0.787 0.353 0.757 0.520
Y 1.0 0.45 0.96 0. 66
0.928 0.165 0.288 0.213
0. 909 0.185 0.256 0.232
NO 0.879 0.199 0.228 0.265
0.934 0.173 0.249 0.246
0.925 0.157 0.253 0.222
A 0.915 0.176 0.255 0.236
Y 1.0 0.19 0.28 0.26
0. 856 0.335 0.308 0.298
0. 894 0.323 0.336 0.312
NO, 0. 855 0.319 0.318 0.319
0. 867 0.326 0.286 0.333
0.872 0.312 0.335 0.321
T 0. 869 0.323 0.317 0.317
Y 1.0 0.37 0.36 0.36
1. 098 0.152 0. 485 0.212
1. 068 0.176 0. 458 0.234
CH, 1.032 0.196 0.428 0.259
1.072 0.174 0. 457 0.244
1.075 0. 161 0. 472 0.232
S 1. 069 0.172 0. 460 0.236
Y 1.0 0.16 0.43 0.22

M L5 E 25 A e 3 AN ZRE
SR AR Y, R A EIK
i%ﬁ?iﬁ%%%&ﬁ%ﬁw%lﬂ%C&
o%%%6@ﬁEW%%XFFaMM}V%
REEGPYEE ZAM2 15, KB
ki%m%ﬁ SRR E TR A B2
‘ﬁ%@ﬂmﬁr%Bi AR A AR
EHREZAN2fEZ, T ZBEILEHNY
B2 0. 96 B} MRHE 5 ¥V {E A XY R AH &
B ,0. 96+U A758R i & < 1, 7T LATA R i i 05 19 48
FRER X F NO il NO, 17,3 N ZER KL
IRIRRAL BEBE T AN CO 1oy 2= HIBRE R,
mﬂﬁ%r%Aﬁ?cﬁ?Bﬂ?CH@\
IR BESE RN Y HZT HEAM2.74,
7K C By 2 5, B A A ik P AR
S AR EOR A 2R G 0 W R R |
W AL LA R AR TR 3R A 23 5 i 2 S R AR A 1Y)

H LA FREBE

ARSI ) 7 it T L AR ) — 2 A ekt
ANEH S SRR AL BRAE 1, B0, %F F T % A
R gk it , 2ot CH, 1 NO f 4 B R
TELF T HABPI R SR A 5y, X ik — 2 U B
T AT RN TR S e A A T R Y LG
FHFHL

3 %%
SRR UE B A B AE 2SR Al 43 A
ﬂﬁAmHT? (5 T 0F 98 A F57 1, ke ik

i SRS 50 A TE AR AN W S AR O A PR
AR A AT LU AL, A AR B ZD AU
ZTENE VTR N T ok 8 9 T TR N
AR SR A LM AR LD AN R AT A B 2 5 pR
IS o {5 2 2 R A i i R MR I I A
R HEAT EA% HUBOR A U A AR A PR RE S 75 10
AR R A o BRI 83 g 1t P
WA AR AR Y (R, A U Y (S 1 R/ N B
Y AN R 2 U AR AR PR RE A I 27, o e HE 4[]
—BF KA RS RE LR T, A
(1 2H 7300 5548 1 AN [ 2 73 AR il 2 D 5 A
BT R I E] [ I () 2 23 MR i I 00 o )
(7 ] B L, A Bt B e 1 R A AR PR RE L

By AT REE, %ﬁ”b%Mﬁﬁfﬂ%tﬁ
BARSCRE N A IE S5 i AT F X

wrPERERYHIE R — LE AR 2, oy F R hMﬁ%
Rt 5, Ja 2] LU R & R AT AR E
o[RS 000 FJH 2 Ao S AR A g ROz (L, (b0 07
[y ) | EESTine S W, da o5 1 UEM TN A ER 75 5o

Sk

[1]Li N,Zhang Q.Auto Maint.,2024,(22) :131-132.

T IR EE T, 2024, (22) :131-132.

[2]Kumar M, Tsujimura T,Suzuki Y.Energy,2018,145 ;496-
506.

[3]Wang S,Zhu F H,Wang H M, Qiu L.,Sun X L, Li H,Zuo
Y, Li Y C, Chen H. Acta Sci. Circumstantiae, 2012,
32(9) :2303-2309.

E2E R EEE I INVE I, AN, AU, A
M AR 2R R, 2012,32(9) 12303-2309.

[4]Jiang C L,Song X H,Zhong Y Z,Sun Y M, Lei Y.Enwi-
ron.Sci. ,2018,39(11) .4841-4848.

HER, Rl 2Pz, 90N, T F. R R,
2018,39(11) .4841-4848.



55 48 £45 5 W)

4 R A5 T LI AR LT SN SR e (S 2 e A A Dy T W5 53

[5]YuZ Y,Fan X H,Gan M,Ji Z Y,Chen X L, Jiang T,Li
G H.J.Iron Steel Res.Int.,2018,25(12) ;1265-1272.
RAETC VO HE, BE s BRF R, 29, 0.
BTS2 ,2018,25(12) . 1265-1272.

[6]Sha G Z,Zhao L D.Auto Maint.,2024,(24) :130-132.
VRIS R AR IR G- AEB 10,2024, (24) :130-132.

[7]Zhao Z 1.,Yuan S H,Song T J.China Stand.,2025,(5) :
144-149.

BOIETe, 3% bR R KA h bR ifiEfl, 2025, (5) < 144-
149.

[8]Chen M, Yao W,Sun T N, Deng Q X.China Insp. Body
Lab.,2025,33(2) :11-13.

WRBT, Wk, #h K 55 XB K A, v [ A 56 A, 2025,
33(2):11-13.

[9]Jiang K,Zhang H B,Zheng X X,Ma M, Lin X T.China
Metrol. ,2023,(3) : 111-113.

VLA sk KRB, EH Y, bR A7 i b [ A 2023,
(3):111-113.
[10]Li H G,Guan S C,Li Y G,Xie Y J,Zhang T.J.Chengde
Petrol.Coll. ,2022 ,24(5) .47-52.
UL, SR, 2K WL, AR, K e R AE A T
FLRER A, 2022,24(5) :47-52.
[11]Li J,Wang D F,Xia C,Wu H.Meas. Tech. ,2018,(4) :6-
9.
B0, B8R B, R EOR 2018, (4) :6-9.
[12]Liu L X, Huan H T, Andreas M, Shao X P. Spectrosc.
Spectr.Anal. ,2020,40(3) .684-687.
XU , B B2 , Mandelis Andreas, HEBEME. G 15% % 5
i 5T ,2020,40( 3) :684-687.

[13]Sui F,Ma J,Li W B,Xu F.Anal. Instrum. 2024, (1) :1-
6.
Fiiie , ThE 25 SCl VR AP BT (XA, 2024, (1) < 1-6.
[14]Wang D F,Zhou F R,Ye J,Zhang T Q,Zeng W, Han Q.
Metrol. Sci. Technol. ,2021,65(5) :67-76.
By LR U SN i
5H#AK ,2021,65(5) :67-76.

[15]Xia C,Wang S J,Wang H Y, Yang Q, Li J.Chem. Rea-
gents 2024 ,46(6) . 112-118.
A& RN, Tilpe, o, 280 AL, 2024,
46(6) :112-118.

[16]Zhu J,Liu W Q,Liu J G,Lu Y H,Gao M G,Xu L.Chin.
J.Sci. Instrum. ,2007 ,28(1) :80-84.

ARZE XSO RN [ B IRPR, 8 O s AR A
F240,2007,28(1) :80-84.

[17]Xu L,Liu J G,Gao M G,Lu Y H,Liu W Q,Wei X L,

Zhu J,Zhang T S, Chen J.Spectrosc. Spectr. Anal. ,2007 ,
27(5) :889-891.
e XU, w5 IO, B IR0, 00 S, 875 I, R
ZESRRET MR 61 2 5Ok 43 HT, 2007, 27(5)
889-891.

[ 18]Zhuo J B.Fujian Anal.Test.,2023,32(1) ;28-33.

AR AR 2T, 2023 ,32(1) £ 28-33.

[19]Yang Q,Zhang X, Li J,Xia C,Wang S J, Lv L. Jiliang
Kexue yu Jishu,2025,3.15-21.

ol , ke, 220 B A EXT, ARt EB RS #
A ,2025,3:15-21.

[20]Li J,Xia C,Wang S J, Cheng L P.Chem. Reagents 2021,
43(4) :520-523.

20, BRI MW M40, 2021,43(4)
520-523.

[21]Liu P Y, Li J,Xia C,He Y Y, Wang S J. Metrol. Sci.
Technol. ,2023,67(7) :62-67;52.

XU, 28, AR, PR IR T2 W T R S 4
A ,2023,67(7) :62-67;52.

[22]Wu Y T,Bi Z,Yang Y Z F,Ma H M, Wu H.Acta Metrol.
Sin.,2021,42(7) :956-963.

SR, ST, Wk T 7, S TR,
2021,42(7) :956-963.

[23]GB 18285—2018. Limits and Measurement Methods for
Emissions from Gasoline Vehicles under Two-speed Idle
Conditions and Short Driving Mode Conditions,2019-05-
01.

GB 18285—2018. 153 415 Yyl FR (B Kl k07 1%
(OBUR3#TE K i 5 T8 %) ,2019-05-01.

[24]Pan Y T,Zhang G C,Yang Z Q,Zhou Z K,Pan S S, Sun
B R,Jing W J, Yang S Y. Meas. Tech.,2019, (11) . 52-
56.

W1, SR ER A IR R T W R R AT A,
3 B T HRHER 2019, (11) :52-56.

[25]GB/T 27417—2017.Comformity Assessment—Guidance
on Validation and Verification of Chemical Analytical
Methods,2018-04-01.

GB/T 27417—2017. A& W5 A=A 00 77 LAl A A
KUESE R ,2018-04-01.



