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Determination of Impurity Oxygen.
Nitrogen and Hydrogen in V-5Cr-5Ti Alloys
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Abstract: The determination of oxygen, nitrogen and hydrogen in V-5Cr-5Ti alloys by
impulse heating inert gas fusion method and high frequency induction method was developed
(oxyen by infrared determination and nitrogen, hydrogen by thermal conductivity). The
influences of releasing temperature, current, fluxing agent, crucible materical, blank value
and sample mass on the determined result were emphatically discussed. The results show that
oxygen and nitrogen in V-5Cr-5Ti alloys are determined with analytical power 5. 0 kW, high
temperature crucible and using nickel as flux, and the relative standard deviations (s,) for
oxyen and nitrogen are 8.8% and 12.4% (n=6), respectively, and the standard addition
recoveries for oxygen and nitrogen are 93%-112% and 90%-110%, respectively. Hydrogen
in V-5Cr-5Ti alloys are determined with analytical power 85% . quartz crucible and using
nickel as flux, and the relative standard deviation (s,) for hydrogen is 3% (n=16), and the
standard addition recovery for hydrogen is 96 %-104%3.
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Fig. 1 Effect of oxygen(a) and nitrogen(b) concentration in V-5Cr-5Ti alloys sample with different releasing temperature
# 2 REBERT V-5Cr-5Ti G4 & A& i
Table 2 Oxygen and nitrogen concentration in V-5Cr-5Ti alloys sample with different flux
Il s 7 2 w(0)/ % w(O)/ % w(N)/(pg » g 1) w(N)/(pg » g 1) e
Sn 0.29,0.31,0.25,0. 37,0. 28,0. 26 0.29 73.101.89.96.64,121 91 TR I 4
Ni 0.34,0.30,0.35,0.32,0. 31,0. 29 0. 32 136,134,126,144,151,120 135 15 b U
Sn+Ni+C  0.30,0.20.0. 28,0. 32.0. 24,0. 34 0.28 73,146,134,92.120.152 120 Wk 2 A RS

2.1.3 HPIRAIRY R o ARk & i
S50 AR [F] TR R R RN S 3 8 R T
X A AR KRB, A TAE 43 5k An
VI O L I I R V-5Cr-5Ti LA 4 iR R
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Table 3 Oxygen and nitrogen concentration in V-5Cr-5T1i alloys sample with different crucible
H e w(O) /% w(O) /% w(N)/(pg g™ ) w(N)/(pg g ) BITE
B 1 3 0.06,0.05,0.07,0.05,0. 04,0. 06 0.06 47,56,59,65,68,78 62 RS
T A 0.06,0.07,0.07,0.08,0.07,0.08 0.07 59,82,62,70,68,64 68 1 il b
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Table 4 Oxygen blank with different outgassing power and time in high temperature crucible
R AT/ kW JB AR i) /s EoEE /% 25 FTE L/ %
5.5 20 0.000 4,0.000 6,0.000 5 0. 000 4~0.000 6
30 0.000 3,0.000 4,0.000 5 0. 000 3~0.000 5
6.0 20 0. 000 3,0.000 5,0.000 6 0. 000 3~0.000 6
30 0. 000 3,0.000 6,0.000 4 0. 000 3~0.000 6
2.1.5 A4 H RARESHEERA.AEH FREEL 1R 22 V25 F ISR 6 315 e A5 O N o 4 2 %

B B R o FeaURE 23 BT 0 25 R HE AL B T 1
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ORI E R R 4R 0. 001 5% .50H 2.5 pg/g.
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FEEE KT 150 mg Il THev Rl 19 FE R /)N S8
RIPBETIOA 78 43 A 25 35 45 SR G, R I 326 B
V-5Cr-5Ti JA 4 i ik AE i o 50~125 mg,
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STi G e lrr S /A & B TR A E &
Y4 RS AR AT SO 3 , 25 3R 8 T3k 7.5 8.
HI 2 7.8 AT U Ny 9390 ~112%0 . A
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Table 5 System blank of oxygen and nitrogen concentration
I= e N e
oty R e E/ SFIME/
Az A E ) % T/ % /% se/ % e EEs Y ugee DY s/ %
(;gg-g 1) (‘ug'gl)
0. 001 8,0.001 9,0.002 0,0.001 7, 0.001 8 1.49x10"* 8.3 2.0,1.5,1.6,2.2,1. 8, 1.9 0. 25 13
0.001 7,0.001 6,0.001 8,0.001 9, 2.1,1.7,1.6,1.9,2. 1
0.002 0,0.001 6
0.0651 80
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Fig. 2 Effect of oxygen(a) and nitrogen(b) concentration in V-5Cr-5Ti alloys sample with different mass of the sample
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Table 6 s and s, of oxygen and nitrogen concentration in V-5Cr-5T1i alloys sample
; A EE/ FIME/
SIS {E /% K/ Y% s/ % se/ % . - s/(ug e g b e/ %
(pgeg b (pg=g "
0.047,0.041,0.049, 0. 048 0. 004 8.3 54,50,46,58,60,44 52 6. 44 12.4

0.046,0.051,0.053
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Table 7_Recovery of oxygen LI SRS 3 0. 620, 68 A B SRR
N MR TR o RS R 0 R
B/ Y Ahr/ % At/ % '
i Ji% 7 5 ; N i 4
1 0.019 2 0.007 1 0.007 1 100 e AR A PR F 3L 0. 65 A CRf B A 45 9 53
2 0.020 8 0.008 0 112 Mrofi % 85 Vo) VE A & R I A i %
3 0.018 7 0.006 8 96
4 0.023 1 0. 006 6 93 14
5 0.024 5 0.007 3 103 12
6 0.018 7 0.007 8 109 -
210
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Z 3
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Table 8 Recovery of nitrogen <
4
WG R At/ WA
HUESS IE&L/ )J[l/\xk% UWIL%/ % Y 5
(pgg b (pgeg b (pgeg b 0.50 0.53 0.56 0.59 0.62 0.65 0.68 0.71
1 34 19 20 105 SR HLI/ A
2 40 18 95 N N e NS . "
X . ” ]0“5 B3 AT H i V-5Cr-5Ti £ 4 i RE SR S
o
1 14 21 110 Fig. 3 Effect of releasing hydrogen
5 39 19 100 in V-5Cr-5Ti alloys sample
6 51 17 90 with different induction current
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RERG T 7 S 3 0045 e ™ T 4 o T AR SR D
I PR L R AN B e o RAAS TR FRy i A R L 3
M T V-5Ce-5 Tl il h &S 2L 45 1R T

2.2.2 BRI O e E R R R
JC » 2 el R T A I RS BE L 7 0 5 ) B
o — e JE T A S AT LGl R AR B A AR
S A B R AR T B0RE o i A 0
e 1T PR [a] 9 Bl 4 50 0 i V-5Cr-5Ti A& 4
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SR B AR Bl 48 50 T 3R A5 B4 04 B 8 28R T B i
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B 45 R AR A
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Table 9 Hydrogen concentration in V-5Cr-5Ti alloys sample with different flux
Bl uv(H)/(;ig'g’l) II'(H)/(pg'gil) .\\/(pg'gﬂ) s/ %% G
Sn 25,30,28,33.29,25 28 3.08 10.9 WSk E 22 A i RIS
Ni 35,33,32,34,29,28 32 2.79 8.75 5 i g
2.2.3 RGiwH REEHTEERBETAAA TB7 R R A A M P4 D . A
SeHPR A B E R . AP AR A B A E /NG AR R 22 B TR R U A

R B R BR . A SEH IR AR B Al H. L3l
ARG R NEE R LR A H . B E
D02 EEOR YR . T FIAL F T B A, B IBCEC L T
AR N AT = B 908 25 R 51T 10,
X ARG A FEIEAT 10 Y RE . LA 3 A7 A A 4 i 22
TR T A MR BR 0. 174 pe/gs BA 10 £5 1Y
Bl i 22 7155 D5 I I E R RO 0. 58 pe/g.

2.2.4 EAEEAE R FRIUCE S Y R A B

ZIIIEFIRE . SIANRES AR, EH
ANTE R B I V-5Cr-5Ti A ke b A &
HOARRTE A, NE 4w UFE W R DT
50 mg B FREE R 22 L A5 R U B0 5 AR
DN RERS B 45 2% . IRE B #E 50~ 200 mg B, I i
K BE BT o AR KT 200 mg B, Hy 7 Bl 6 A
(9 FH B AN 3 B 45 R A AR . R SRR AL
SHIFRAER N 50~200 mg,
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Table 10 System blank of hydrogen concentration

Ty fi/

E I ORI LS/ ug gD w/%
(pgeg b

0.78,0.62,0.64,0.76,0.73, 0.70 0.058 8.3

0.70,0.70,0.62,0.75,0. 69
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Bl 4 AR V-5Ce-5Ti & 4 iR b 2l & iy 2
Fig. 4 Effect of hydrogen in V-5Cr-5Ti alloys sample

with different mass of the sample

2.2.5 KW V-5Cr-5Ti a4t A
SERIIPRERZS T E 11, m 3 1L AT, A
AHXT AR HE D 2208 F 3% (n=16)
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Table 11

s and s, of hydrogen concentration

in V-5Cr-5Ti alloys sample

THME/

AMMEE/ (pg gD s/(pgeg ) /%
(;Lg . g’l)

11.15,10. 54,10. 81, 10. 83 0. 29 2. 68

10.44,10. 98,11. 08

2.2.6  [AE R FE ARSI 7 N E V-5Cr-
STiAUA 4 i RE &0 i 09 AT S kL AT A 1Y
AR AR HEAT MRS, 45 R T3k 12, Bk 12
AL U IR AE 96 20~ 104 %0 2Z JH] .

F 12 ApyhlifeR
Table 12 Recovery of hydrogen

o, W SERE/  WMARERE/ FEERE e %
(pgeg b (pgeg ) (ugeg

1 2.72 1. 60 1.61 101

2 2.91 1.62 101

3 2.79 1.53 96

4 2.69 1.59 99

5 2.77 1. 66 104

6 2.72 1.62 101

35 i

-l

(1) SR F Ik i 475 il 1 A1 R A T 4 e 3 T
V-5Cr-5Ti PG & AE AL /S & FRFE I 50~
125 mg B {1 FH e 2 90 I AR AR Bl A R L
IS5 kWL a3 5.0 kW T8 VA
S (I 2 AR R B U O 22 43 ) Ok 8. 300 12,404
(n=6) s N5 [ 43 31 Ay 9326 ~112 %6 Fl 90 %6 ~
110%.

(2) SR FH R AR B 1 8 V-5Ce-5Ti #1LA
S A S i PR R 50~150 mg, {8 TR R
PRI A0 S BR AR VE BIE ), Z A Dy %6 85 %0 (L ik
90,65 A)ZAFTT S &t R AR A v O 25 /N T
30 (=6 s AR YR F Ky 9626 ~104%

2% Uk -

[1] Satou M, Abe K, Kayano H. High-temperature de-
formation of modified V-Ti-Cr-Si type alloys[J]. J
Nucl Mater, 1991, 179-181. 757-761.

[2] Rowecliffe A F, Zinkle SJ, Hoelzer D T. Effect of
strain rate on the tensile properties of unirradiated
and irradiated V-4Cr-4Ti[]J]. J Nucl Mater, 2000,
283-287: 508-512.

[3] Taylor N P, Forty C B A, Petti D A, et al. The
impact of materials selection on long-term activation
in fusion power plants[J]. J Nucl Mater, 2000,
283-287: 28-34.

[4] Joubert ] M, Percheron-Guégan A. Hydrogen ab-
sorption in vanadium and niobium-based topological-
ly close-packed structures[J]. J Alloys Compds,
2001, 317-318. 71-76.

[5] Distefano J R, Pint B A, Devan ] H, et al. Effects
of oxygen and hydrogen at low pressure on the me-
chanical properties of V-Cr-Ti alloys[J]. J Nucl
Mater, 2000, 283-287. 841-845.

[6] Chen Ji-ming, Xu Zeng-yu, Yang Lin. The influ-
ence of hydrogen on tensile properties of V-base
alloys developed in China[J]. J Nucl Mater, 2002,
307-311: 566-570.

[7] Ohnuki S, Suda T, Watanabe S, et al. Hydrogen
behavior in neutron irradiated V alloys[ C] // 11th
Internationl Conference on Fusion Reactor Materi-
als. Japan, 2003: 150-158.

(8] =l XML&, &8 h Mo Mr itk LT 1844047,
1999,19(6) :35-40.

(9] E&.E#f SREPENIITHRARARLI GE
#r.2007,27(3) :37-44.





