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Abstract

Noble gas analyser is a type of instrument used to analyze the concentration of noble gas in specif-
ic environment. The requirements for experimental condition and technical indicators are made
based on the principle and application. Also, calibration methods for items including error of in-
dication, repeatability, response time and alarm function are proposed, typical sample is selected
for experimental demonstration, and the uncertainty of the measurement process is analyzed. The
results show that the proposed index and calibration method are feasible.
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1. 518

Wi SR te TR E R LA 0 EnEmAT AR, TR e, AW HRIE NS
USRS, PIER SRR P SRR AR RS . MR, BT BRI, WA Ak
WA T 2= A0 1]

TEAE R SR, HREFA R EEN—NRE, RENELAT R SRR SR
RAREZN: H—J7H, BAMASE NG, HHETEEWEAE, RERASMEANE LG
FAA A, RUTE R P23 (A7 TR A A, 5 BESERT IR PR I Y R T Ol . AT SRR B
BRI SR T OGHEAT B A

FAT SMR WA T B AR B (R BN T ) . AP R s o mk, R o ek, 1
Ak A Ba[2] [3]. H R Z RN, FIFR GRS R 54 Z RN, (SRS I gURooft(n
B2 S5V TR R AR AN, BRI R, PP AR 2 o5, R i A AN P AR NS S
t, FFEEAIREE (BRI EE) T R s ik, AT SEERT 23 A R 458 rh R A AU BE 1 v B Al [4]

R R 22 [F] Py MBI IR A AR AT A e 2 R, B ] B AT X R A AR 3 BT U B X o
MTT A E R RGO T ORI A SR o A G e 25 SRk T L, EERTIIE, 2% TIA K
ALMSCES 1 [ A 2 AR [4] [5], ASSCHE HE T %2R AAS AR HE A5 A B & T H RS 5%, RIS WLALS5 H
A AT ACGHATRRIGARAE, X I AR AN 8 B AT TV ST, R DO AT SR T AL
HETAERALE S .

2. BEEY

AR T2 B T I MBS 1 [ AR e AR [4] [5], XA SR BT AR v 2 o 3R B L 4%
G 7T .

2.1 IMEEH

BRI A BEIR B Y5 BN (10~30)C, S R K T+2°C; VR EVEE Jv(0~85)%RH. AR AR 1L T4k,
RAE I B A (138 KA T kAT .

22. BEEFH

FHEAE F BORRAE AR RO A LR HERI T, AEEAMK T 99.99%; F i TR i %0, 20 AN
T 99.99%.

HEIERE h A A AR A R B R B N R 2 AN I £1%: B AR B -0 9 AN JREA
F(0.1~1) Umin, HEFEIMAMET 4 95 7RI IR ZE AT £0.1 s/d.

NPREEAE R WT SEE, IR T B B 0 f E i v A e s e, AT R0HA .
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3. REMB R

KEBIIAES T A RS K A UL [4] [B1a, S & A A I XA R, S T 4%
RHET H B 56 7 1 o

3.1 BEmHE

FHED H T 2O R AR E . ERYE. WM R LR B DR, Hrp B Thae DO T B IE ThfE
fAES . FIHTHERRER L 1.

Table 1. Technical requirements for noble gas analyser

* 1 BASESTIURRER

re— HoAER
. ESUFS
o 2%
_— 180 s (¥ #t)
M ] B i) 90 s (IE Efniz =)

HAWRENRERICE:, NIAT CLBE 8 L (F)BRAE, Al B9 R e 40 T BRAE (I T4 % |

e WU, AR R s

3.2. REIRE

IXARE TR E J5, S ERE L BRIEAR B PR, 23 A AT 22 SR e S R
IRIE, FEMRUGENIRFE 23 BN B ERRAE 15%. 50%. 85%7c 45 ARy S4E, Fid BN G I Sebrit sk,
HAEENE 3K, HARQ)THFAES A SR E IR ZE, BB B IE AR R R 2%

A:A;&xmmﬁ [6)

i
A —— NHIRZE, %FS;
A —— SR HE S ACES BB I SR IME . Yomol/mol;
A ——FRHESAR A FEEE,  %mol/mol;
R—— AR B AR IR A, Y%omol/mol.

33. EEH

XA IAFGE T, HE AR LR AR A, 20 A AT & R SRR A v
SR JE FRE NI AR R 50% 7 A AR AE UK, FrsBiesE 5, il &AE, EEME 6 )k, 7l
SRR A R VDA bR dE R 22 2R . A RQ) AR R R

6 —\2
1 Z(Ai _A)
RSD = =4[+ —— 2
A 5
Faviz B
A —— 5 IME AR EBUE I E AR 218, %mol/mol;
A —6 A BB A ME, %mol/mol.
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3.4. N RzAY(E]

HAETRIRE G, HESSMERE FRREREE AR, 2 BRI T 58 s R e R AR
SR IENIR B NS 50% 7 4 IbRE SR, R e Sl G, BB, A ER g FEA
IR AR HE S AR, R AR 0 S B N FRHE S B A A8 s A T 1E SRR e fE 1) 909 (1R [A],
RIS ASCER e R 1] B AT 3 R, ERURLARSP M A A8 1D i J92 B (1]

35. wRETEE

P IRE TR, ROAT IR A . AER AL T IR TR TEE, A IR 5 e (H
TN TR A 1 SR BR AP TE ORF T R PR AR (AR, N NI T 40 15 e (R B 1 S AR bR D)
JR)s AEAES HIARESNE, MEANER R E DR £ 15 IR .

4. WRIESIHE

N BGAERTIR SIS S A R T ik, AREAERCT — AR W (BT XP-3140, 1E &g, W
YL 0%~100%)1E A2 Hr ot 4 .

4.1. I FEH

AT ARA T ER A A B RS SRS =T, HERE N 23°C, AR RKTFL2C; 18
TG N (55~65)%RH; - 556 = e A i XU, 8 KR R 47

I8 T FH B AR S Al R SRR HEY B (B HEY 5 5 GBW(E)062441, {2y 99.999% + 0.001%).
T AR S ARKRAEY R (bR vEY) 5 GBW(E)062439, E:E A 99.999% + 0.001%). SARH BRI &34 & (%Y
5 SONIMIX 7100, fx KRz N+1%). B FRER S SW8-3030, i K iFiRzE N+0.5s/d). JiES
H (S LK-01, JEJEHE 0~2 L, mARVFIREN+4%).

4.2. REH*

FE IR ASCRTIA T B K 5 7R
4.3. MBER

F I H RIS R IR 20

Table 2. Calibration results for each item

F 2 BIERELER

RHET H R HEL
20.0%mol/mol +0.2%FS
NERZE 50.0%mol/mol +0.3%FS
80.0%mol/mol —0.1%FS
M 0.2%
M 9 ] 21s
BT RE A8 25%mol/mol,  FEYEHRE T EE IEH

FJ LB SR £ R A TR BOR BOR, R WIA ST B ZR AT &5 5B
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4.4. NHpEESTH
PR E R ZE T H ], A K R R A AN 58 FEEAT 70T 1P e

441 WREFHEEEE

AT St I AR R o A A A S BRI AT A, S R R AN R T R EERR T AR AR SR R A A
JE 1 S I & F V6] [7] [8]

1) BHARESETIARREATEE u(As)

i T Bl A AR O B RS, Hg NI e BT LA, U RS AR R E TGN
RHSE B o TR B B A K AL VPR 22 921%, 1] B AR 2 AT E , IR 510 i (k =+/3),
9 a=1%, NAfu'(A)=058%.

Table 3. Standard uncertainty introduced by of standard gas at each concentration point

3. BIRERIRESHIIRETHERE

R bR u'(A) u'(A)
%mol/mol % %mol/mol
20.0 0.58 0.12
50.0 0.58 0.29
80.0 0.58 0.46

2) MEEREFI ANNIRESHEE uh)
FI A RERHEATRE FEPFE o 4 B BE mpRE MO A A &%, Ao AR e fe, BERINE 10 &,
IR G R, A IR A S SRR 22 s, THEE A R AR 4.

Table 4. Measured value and standard deviation of each concentration point

® 4 BRERNEBERIERE

FRAE SR A 20.0 50.0 80.0
%mol/mol

20.1 50.2 79.9

20.2 50.3 80.0

20.2 50.3 79.8

20.1 50.5 79.9

S 20.0 50.2 80.1

%mol/mol 20.1 50.2 79.7

20.3 50.3 80.0

20.2 50.4 80.1

20.2 50.5 80.1

20.1 50.2 79.9
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KPR A TR EE I R, MR EE RN 3K, WA
u(A):%xlOO% @3)

) AR A 25 R SN BB AE AN B 5 L U 5

Table 5. Standard uncertainty introduced by repeatability of each concentration point

5 BRESEEMSINMIRETHERE

AL SR HEE s u(A)
%mol/mol % mol/mol %mol/mol

20.0 0.085 0.049

50.0 0.12 0.069

80.0 0.14 0.081

442 ARARETRER
T EAR A E LIS L 6.

Table 6. Summary of standard uncertainty
6. MNERNHRERILD

e s A EE &=
P s AR AEAEL
%mol/mol u(As) u(A)
% mol/mol %mol/mol
20.0 0.12 0.049
50.0 0.29 0.069
80.0 0.46 0.081

A 45 SR AN 2 43 B R FL NIRRT DA A RSB s P4 A 3K 5 15
U, () =yu(A ) +u(AY @
BB RNEESG, Fit P =05%, THEAAET k=2, WHKIFHLRILE 7:

Table 7. Calculation results of standard uncertainty

F.THEETESER

e s A EE &=
P s AR AEAEL
%mol/mol uc(y) Uk=2) Uk=2)
% mol/mol %mol/mol %FS
20.0 0.13 0.26 0.3
50.0 0.30 0.60 0.6
80.0 0.47 0.94 1.0

443 PHEESHEMHIEXRR
I SCHIT R AR AT AR M BSOS (B IR ZE T H [ BORZE RO £5%FS, B _E I € 45 R P o RE T U =
1.0%FS, WIAHE B 5H AR KL RN UIMPE = 15, A KA E BV E 45 SRR A EE .
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5. &g

ASCNFEA R A B R B e, AE TR0 508 1 DA M AR AG S RURE IR 2t b, 8 Okt

WA TR DOREHE B 2R A BRI R PR 7 20K, 4RI TR . R VE. WM [R50 H (1740
RHET %, FFIE L S BRuliax Bl 2 VR VE S B R AE T 55T TR, 25t 1 SR RAE 52 FE 0 M s 8
GURRY], ASCFTSE N RFE AT S Skbr, BOETRERA S, W DU SR T AR HE TAR IR A R
GF RS, BET ORIEI BAE A HERA T .
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