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Abstract

Hydrogen content in zirconium and zirconium alloys is a key factor affecting the material proper-
ties. A method for the determination of trace hydrogen in zirconium and zirconium alloys was
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established by exploring flux, weighing volume, analytical power, degassing power and instrument
calibration experiments. The experiments were carried out using LECO NH836 nitrogen-hydrogen
analyzer, in which a special graphite jacket crucible for gas analysis was used and 0.10~0.20 g of
analytically pure tin grains were added as flux. The optimized parameters were as follows: weighing
0.10~0.20 g of specimen, analytical power of 4000 W, integration time of 60 s, degassing power of
4500 W. The lower limit of method determination was calculated as 0.0000356% after blank exper-
iment. The zirconium alloy samples were analyzed according to the experimental method, and the
relative standard deviation (RSD) of the hydrogen content was 7.31%, and the recoveries were
95%~105% in the spiked recovery experiments.
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FE SR TR 3R, 55 BUA S B SA I v 5 A I T BRI T AR, 15484 1R FE A I 45 R T ERIR A T 448,
] 3 SR EAT AR A T I RS 8 . PV R AT AR SO A 42 8 S B T S B E T T B
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2.1, FEMESRH

NH836 Z AN (GEE LECO AHl). TAESH: 471 Lh2 4000 W. B4 ] 60 £ i< 2h 5 4500
W, JBASE B 2 /> TSR] 15 s, Sartorius SQP ALK, FREMGEE 0.1 mg; A HraiBikihia sl A4S
FrFf: AR630-815B, w(H)=0.0010% +0.0004%; & “T(i &7 EA /N T 99.95%) [AFE £ 77 22 Psi; &L
YEIE 77 40 Psi; NEH; #J].
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TSRS HT L A SR EH R I NZ) 0.5 g BPRiBIER, BEAE2 AR N 1.0000g. ERIERIZ
BT RBh T, 20T 3 IRTATINE . = AEERA KT 0.00010%, HFZEA KT 0.00005%, RIFIX
PR AR TR R R 2 (M . EEES & & AnFE ARG30, FREEE 0.1g 247, HETE/ 3 IRERAEN
SE A bR 2R . BRFREL 0.1~0.20 g 5 &4 dh, BT IRFEOT, (UGBS EEA HAEMNEA S EE R
3. R MiTie
3.1 MEE

FE T & BRI RS & e fh I, 75 SR AR . SEIR IS M FRAE 7E 0.05~0.25 g 2 [A]3
TR, B SRR R 45 R G, 4R IR 1.

Table 1. Influence of weighing amount on the results of trace hydrogen determination in zirconium alloys
* 1 MEEMNESEPREENESRIFZI

FRIE & ANEE SEIME RSD (%)
0.05 0.00013, 0.00027, 0.00019 0.00019 30.1
0.10 0.00036, 0.00040, 0.00034 0.00037 6.1
0.15 0.00030, 0.00035, 0.00032 0.00033 6.1
0.20 0.00030, 0.00031, 0.00035 0.00032 7.3
0.25 0.00026, 0.00029, 0.00034 0.00029 11.3

B 1 708r: FRFEEAE 0.05 g B, W (E AR XS br it 22 (RSD) N 30.06%, Wl iE 45 A B B M 2,
e T E R AR R R 5N R ZE AT

FRFEEAE 0.1 gv 0.15 9. 0.20 g+ 0.25 g I, 5EfH Wom HBUKH) RSD 18, 43414 6.11%. 6.06%.
7.28%. IXFNBEA B O S FEMPRRE RGN, WS RN ES AR T RESGE. LI RREREE
£ 0.10 g~0.25 g Y FEI Y, AR f o I i 45 SR RE

3.2. BiiBEHIRE

P IS AR AN e S A B, BRI D0 N Bk 5 45 SRR M A R . SO F AR AR S T
H0.1g, SRS AIIMAELE 0.05~0.30g 2 [0], HEATHLESLES, 15 2185 BRI &0 Il E 45 R
S, R 2.

Table 2. Experiments to determine the amount of flux for tin pellets

= 2. RENETIR EHE SR

R 2 {E R 5
0.05 0.00078 SARMATES, WEE R
0.10 0.00092 SREIATE A, B AN S, AR
0.15 0.00096 AT ENEETF R EE, ABRA AR
0.20 0.00103 SRy, WEERE, THIRIMER
0.25 0.00105 TS ZR, MINHEREF SR
0.30 0.00104 A BT A B WE AR, EH BT R
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g i, SRR 4 SRR v ELAG I 45 SR — 25, SR BA B N Bhya 7 H B B T AR TR SR B TR
SR R A 2R, SIS T BRI A N . B SR N 0.20~0.25 g B4R N BhiE
FIRE AR 4y, M lifae, HIHmWRARR D, THIRILR . ez i 242 L 0.20~0.25 g K18
AR Ayt A B 75 FH & .
3.3. TRTHZE

FESEEe FE s, @I AR N IhZE: 3000 W, 3500 W, 4000W, 4500 W, 5000 W, 47 Lk
SENG, 40 Mt ARG30 KGN B, #EiE A ThE, 4R IE 1.
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Figure 1. Effect of analyzing power on measured values
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B 1 R T ZEAS R 204 2128 (3000 W~5000 W) 26 £ T, S 5 (8 iR Ak 2508 o Bl 43 A The 4 7t
SIEEL 7 SR, JUHEAE 3000 W~4000 W TSy, I E (AR AL AR XK . 4000 W~5000
W B E, R\TERLETRZMT, ke AR630 A RICE Inse 4. )% A% 5000 W, WEEH
PRI, BN ARG 2 . IR 45 IR R W] ThFAE 4000 W~4500 W I 3 #r 45 SRIEAFG E, A S
Tfi € 4000 W~4500 W Ay fi HE S2 i o .,

3.4. FAETE]

AR I 8] (R B 52 2 TR 2R 5 18, s S e S S AT IE, R 2 I, AR IR
HHZEAE 60 RPN sl REASEIT T % . 60 AP AGAR I3 It 8] A DR SR il 0 th BEAE 7 T I R P e e Al (RIS
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Figure 2. Release curve of hydrogen in Zr alloy
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35. BRKIhZE

NRAREE SHE S ATRT, AR 2 B AL TR T A2 E /KT, MR A 28300 B 5K i R T 2 150 B NI iy
T, 75520 T A BT ThER DL i 52 A 4000 W, $% B8 i S Sh 0% & T 4 BT ShER (Ui B, B A T
RYE N 4500 W (XA EE N SR8 AN FE, 4500 W i ST RGeS fRE R 2k fee, foktb
Hi 2 5 A SR vb S 20 b 5 R A5 R 2 AL Ay . (RIS B s T B T &, BT
IR B AR . RIASHE 7T ¥ B 4500 W B STh 3, BEA Roth 5 il < TAE .
3.6. FREREEBE

SRR s R, B SRR M A S R AR, BEAT SR HE . SRIG R 36
[E ALPHA: ARG630-815B %44 A (& & 0.0010% + 0.0004%) bRt S HEAT R, ik dhiZk, hr
FELEAL B RS HE I 2R y = 1.6726 x Xo [ HiZARHE B 2R HEATI0AE 00, BOAESE IR BR7E 4 3 s

Table 3. Standard sample calibration experiments (n = 3)
= 3. FERERISIESLIE(n = 3)
FRALRE: i FrE(E I H FE1E A FR v A 22
AR630-815B 0.0010 + 0.0004 0.0010, 0.0010, 0.0010 0.0011 1.1

HH7¢ 3 408T: FRAERE i AR630-815B J6ilE 25 3 11 #41H A 0.001005, AHXTbrfE i ZE N 1.06%, 2= HH
EER G EEARA S, HEAFRITHEEE.

3.7. METR
RIEHE RS E, AT ALK, IBAR X = Xb + KSb L S256 R I R IR X gl
TR, wWi%; Xb 2% FAREARNE R FAME, % K AWE, —MKEL10; Sb &% FlE AR iR %) .

Table 4. Lower limit of determination blank experiment
=4 METR=EEE

B MEfE SFIME P fi 22 e TR

0.0000182
0.0000186
0.0000147
0.0000160
- 0.0000153
TH 0.0000179 0.0000156 0.000002 0.0000356
0.0000140
0.0000150
0.0000135
0.0000128

2 4 3. ELENE 10 RE A G, AFE N 0.0000156%. FriEfkZE A 0.000002%, 1% 18 2428
X = Xb + KSb i+ szE A il T PR +F 5245 21930 .2 T FR A 0.0000356% .
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Table 5. Precision experiments for hydrogen determination in zirconium alloy samples
=5 EASHRPENERZELE

MEE T fE i 22 RS A i 22

0.000396, 0.000361, 0.000326, 0.000354, 0.000387,

0.000314, 0.000371, 0.000356, 0.000389 0.00036 0.000026 7.31

5 BAEEOR TS SR T A B IE T ME Y 0.000362%, FritE R ZE (SD) Y 0.000026%, AHX bR
M2 (RSD) N 7.31%, 4K ZINEES G SR EALE RN E L EE .

3.9. fn#REWBsELE
FIH AR630 5 & S Ankrdt i hnds, o5 R Ik 6.

Table 6. Spiked recovery experiments for hydrogen determination in zirconium alloy samples
7 6. $EE MR EINE MAREYL LI

e fE b & HIESYSS A EEhES
0.000562 0.000896 97
0.000806 0.00123 105
0.000362 0.00106 0.00135 95
0.00139 0.00170 97
0.00149 0.00193 104

%6 B RN, PR A 95%~105%, X3 B BT FH A 5E 5 v B R v R
3.10. FFiEXTEL I8
KA 274, {8 RHE00 S 4 Hr X Fl ONH836 A B S M A 856 4 BE b AT RE « A<l

TELE RN 0.00036%; RH600 &7 MR FHLLAMEN 2, WlE 4558 0.00037%. 0.00033%. 0.00035%;
ONH836 A A S Hr Al 52 45 554 0.00033%.  0.00034%. 0.00037%. 4 53¢ B & AR W& o

4. &g

A SCA T T H NH836 A /BT A JE T AR L AN WO € 85 S s & e h A S B S
e FEMERAEFRFER 0.10~0.20 g« BIEF & 0.20~0.25 g« 7 HT )& 4000 W~4500 W, FH /3 [] 60 s\
it S Th# 4500 wo TH5 5750 E FFR A 0.0000356%. AHF7Ext SBSHHEIT A TIREHESSE5E
E R PR, e g5 R HEs v 0 ARE B — e B XER A R S0R 5 A T i & S5 T
2%, NARFARIRERIBITIAL T S5 K45 .

=
B 76 48 G138 e 1 4RI H (2024CX-GXPT 28).
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