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ABSTRACT

This study summarized the results of the round robin tests on delayed hydride cracking velocity (DHCV) and
hydrogen concentration in Zr-2.5Nb tubes carried out as the coordinated research program of the International
Atomic Energy Agency in which 10 research labs participated. Using the procedure suggested by the Chalk
River Laboratory of the Atomic Energy Canada Limited, DHC tests were conducted at 144 to 283 °C on CANDU
and RBMK Zr-2.5Nb tubes. Round robin test on hydrogen concentration was performed using the hydrogen
analysis procedure and analytical equipment of each participant on the Zr-2.5Nb pellets whose hydrogen
concentration was controlled to 46.9 ng/g.  We determined a temperature dependence of DHCV for the CANDU
and RBMK Zr-2.5Nb tubes whose activation energy was 49 KJmol and 56 KJmol, respectively.  Surprisingly,
our data agreed perfectly with the activation energies for DHC of CANDU and RBMK that were determined using
al the DHCV data produced by all the participants. Among all the participants, KAERI' s data of the hydrogen
concentration excellently agreed with the standard hydrogen concentration set up by AECL. As a conclusion,
the round robin tests on DHCV and hydrogen concentration confirm that KAERI can determine the DHCV and
hydrogen concentration in Zr-2.5Nb tubes with high accuracy. ~Comparing all the DHCV of CANDU and
RBMK Zr-2.5Nb tubes, a difference in the activation energy of DHCV for both tubes was discussed.
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Fig. 1. Schematic diagram of DHC CT specimen.
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Fig. 2. Thermal history of CT specimens during DHC tests.
2.2. round robin
Zr-2.5Nb 200 mg 950 °C
1 471 9/g .
1 igg , 47-49 i glg
1 batch 49 , 4 batch 10
AECL  hot vacuum extraction — isotope dilution mass spectrometry (HVE — IDMYS) .
40 46.9 ig/g 0.5 iglg (1% rsd) 4
bacth 10 9 CRP
3.
3.1. DHCV round robin
3a 144-250 °C DHCV ,
3b  144-283 °C 10 DHCV .
DHCV 49 KJmol CRP
10 166 DHCV 49.5
KJmol DHCV 4
RBMK Zr-2.5Nb DHCV DHCV
56 KJmol , DHCV
DHCV
10
3 4 Zr-2.5Nb RBMK Zr-2.5Nb DHCV
, , Zr-2.5Nb RBMK Zr-
2.5Nb DHC . DHCV
, RBMK Zr-2.5Nb DHCV



DHCV

5 , RBMK Zr-2.5Nb
DHCV
DHCV 6
Zr-2.5Nb DHCV
?10'7- ~1 @
£ Q=49 KJ/mol
g S g
Ke] ~.. E
> . 3
I L. 5
g, ~
10" 1 .
\‘\
™~
19 211 2!2 2‘.3 2?4

Temperature (1000/T(K))

normalized DHCV

Zr-2.5Nb DHCV
[6]. RBMK Zr-2.5Nb
Markelov 250 °C
[71.
~ CANDU
-15 ™~ . (b)
-16 4 ;.. *:.+\-\\-\ \\L\J\rﬁ)er Conrigence Limit 95%
ERAE D
-18 4 S .-k‘\“\ > M ean BHCV
Lower Confidence Limit 95%\\\ ! '/’
194 : = |
20 ] \
17 18 10 20 21 22 23 24

1000/T (K™)

Fig. 3. Temperature dependence of DHCV of CANDU Zr-2.5Nb tubes determined from (a) KAERI data and from
(b) al the data produced by 10 participants.
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Fig. 4. Temperature dependence of DHCV of RBMK Zr-2.5Nb tube determined from (a) KAERI data and from

all the data produced by 10 participantsin the CRP
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Fig. 5. Normalized DHCV of RBMK pressure tube with transverse yield strength.
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Fig. 6. Yield strength dependence of DHCV at 250 °C for Zr-2.5Nb tubes.



Fig. 7. Microstructures of (a) CANDU Zr-2.5Nb tube with the continuous b-Zr phase and (b) RBMK Zr-2.5Nb

tube showing the discontinuous b phase of spherical shape.
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Fig. 8. Typical striation lines on the fractured CANDU Zr-2.5Nb tube compact tension specimens after DHC tests

on (a) and the temperature dependence of striation spacing (KAERI’ s data).
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Fig. 9. Comparison of the striation spacing data determined by each participants (a) without and (b) with

Argentina’ s data with a big scatter.
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Fig. 10. Temperature dependence of the normalized striation spacing.
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Fig. 11. Individua hydrogen concentration measurements of round robin specimens relative to the assigned
hydrogen concentration (46.9 1 g/g).
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