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Development of Optimized Advanced Austenic Steels (ID)
-Evaluation of out-of-pile testing results of the fabricated fuel claddings-

Tomoyuki Uwaba*, Shunji Mizuta*, Shigeharu Ukai*

Abstruct

14Cr-25Ni optimized advanced austenic sieels have been developed to improve the swelling
resistance of 15Cr-20Ni austenic stainless steels used for FBR fuel cladding. In this improvement,
Ti,Nb,V and P were dissolved into 14Cr-25Ni marix by means of the high-temperature solution
treatment to make finely distributed and stabilized precipitates in the operation. Furthermore, at the
final stage of cold-working, cold-working level increased and residual stress was reduced.

In this study, as fablicated microstructure observation ,solubility of alloying elements and
grain size test in the manufacturing process were evaluated. Following results were obtained.

(1) Spherical precipitates were observed in the grain. Most of them were identified as conjugated
carbo-nitride [Ti,Nb(C,N)] by EDX analysis.

(2)  The dissolved percentages of Ti and Ni in the matrix were about 70% and 30% respectively.
Undissoved Ti and Nb may react with undissolved carbon and precipitate as MC carbides.

(3)  High-temperature solution treatment is effective for the sufficient solubility of alloying
elements, but it is likely to induce very large grains ,which is the cause of defective signal in the
ultrasonic alloy testing. The results of the grain size test showed that the large grain size is
reduced in low Nb (0.1wt%) alloy compared with the standard alloy (0.2wt% Nb), and the
effectiveness for the grain size control by reducing the Nb content was confirmed. Also, it was
suggested that the intermediate heat treatment and cold work conditions would possibly avoid the
occurrence of the large grain at the final heat treatment.

*O-arai Engineering Center, SystemEngineeringTechnology Division, NuctearFuel Reserch Group
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x2.1 BFREE OB

9AKN

14Cr-25Ni-0.45Ti-0.1Nb-0.025P

1130°C or 1140%C X 2min

i 5%y ERASBE( AL E R
7AKS (%55 14Cr-25Ni-0.3Ti -0.2Nb-0.025P 1150°C X2min
7AKV 14Cr-25Ni-0.3Ti -0.2Nb-0.025P-0.3V 1140°C X 2min
8AK1 14Cr-25Ni-0.3Ti -0.2Nb-0.050P 1 'I40°C><2m}n
- é&l(Z 14Cr-25Ni-0.3Ti -0.2Nb-0.080P 1140°C X 2min
_8AST 14Cr-25Ni-0.45Ti -0.025P 1150C X 1.5min
B 8ASN 14Cr-25Ni-0.2Ti -0.3Nb-0.025P 1130°C X 2min N

8¢0 — 0002 00¥V6N.L ONTI



+x2.2 SHERBETOLLEI OISR L EERM4(ME 8.5mm, AE 0.5mm)
$H3E 7AKS 7AKV 8AK1 8AK2Z BAST 8ASN 9AKS 9AKN
[w=ndy C 0.080 0.081 0.083 0.087 0.10 0.07 0.080 0.088
{wt%) Si 0.82 0.84 0.86 0.83 0.79 0.79 0.88 0.82
Mn 1.87 1.86 1.91 1.84 2.27 2.10 1.9 1.96
P 0.022 0.022 0.048 0.081 0.026 0.027 0.027 0.027
Ni 25.11 25.36 25.19 25.15 25.4 25.4 25.20 24.77
Cr 13.97 14.09 13.92 13.89 14.0 14.3 13.96 13.66
Mo 2.34 2.34 2.33 2.33 2.4 2.2 2.20 2.19
B 0.0024 0.0033 0.0043 0.0044 10.003 0.003 0.0047 0.0046
N 0.006 0.006 0.0054 0.0060 0.002 0.002 0.0040 0.0034
Ti 0.30 0.30 0.30 0.35 0.44 0.19 0.28 0.46
V 0.02 0.30 <0.01 <0.01 <0.1 <0.1 0.02 <0.01
Nb 0.20 0.21 0.21 0.21 <0.1 0.31 0.22 0.10
REENEERE 1120%C X 2min | 1120°Cx2min | 1120CX2min | 1120°CX2min | 1130CX 1min | 1110CX3min | 1120°CX2Zminor 1 140°C X 2min
Gl Py 31% 31%  35% 35% 35% 35% 25% or 35%
BEHECMIERE| 1150°C X 2min | 1140°CX2min | 1140°CX2min | 1140°Cx2min |1150°CX1.5min| 1130°CX1.5min| 11 30°C X 2min or 1140°C X 2min
BRI E 23% 23% 23% 23% 23% 23% 23% 23%
Q& 1 1 1 1 1 1 1 1

820 — 0008 00FPBNL ONf



%=4.1 BEINEHER
0
BE | BEASLLERE - S - 5
sl (wWt%) 2.34 0.2 0.3 - 0.078 -
7AKS 1150°C X 2min L&HE(wt%) | 0.006 0.115 0.13 - 0.063 -
B (Wt%) 2.33 0.09 0.17 - 0.015 -
b=s I (Wt%) 2.37 0.2 0.3 0.3 0.078 -
7AKV 1140°CX2min | {E&HE(Wt%) 0.01 0.116 0.135 0.004 0.053 -
BB (wi%) 2.36 0.08 0.17 0.3 0.025 -
bl (Wt%) - 0.21 0.29 - 0.085 0.049
8AKT 1140°Cx2min | {E&¥E(wt%) - 0.13 0.12 - 0.07 -
B&(wt%) - 0.08 0.17 - 0.015 0.008
-2l (wWt%) - 0.21 0.35 - 0.084 0.089
8AK2 1140CX2min | {L&#HE(wt%) . 0.13 0.14 - 0.05 -
S (Wt%) - 0.08 0.21 - 0.034 0.017
b2 (Wt%%) 2.33 - 0.43 - 0.1 -
8AST 1150°C X 1.5min | {L&HE(wt%) | 0.029 - 0.2 - 0.055 -
BE(wt%) 2.3 - 0.23 - 0.045 -
=51 (wWt%) 2.19 0.29 0.19 - 0.069 -
8ASN 1130%C X 1min L& (wt%) |  0.007 0.18 0.084 - 0.043 -
BB (wt%) 2.18 0.11 0.11 - 0.026 -
=2l (Wt%) 2.24 0.091 0.44 - 0.092 -
9AKN 1130°Cx2min | {£&%E(Wt%) | 0.002 | 0.067 0.17 - 0.06 | -
& (wt%) 2.24 0.024 0.27 0.032 -
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£5.1 PO - BhARIESE(
9AKSH11 | 9AKSH12 | 9AKSHZ21 | 9AKSH22 | 9AKSL11 | 9AKSL12 | 9AKSL21 | 9AKSL22
I - BAARIEIEHIE
9AKNH11 | 9AKNH12 | SAKNHZ21 | 9AKNH22 | 9AKNL11 | 9AKNL12 | 9AKNL21 | SAKNLZ22
FREZAIE GRE XERFE) 1120°C X 2min 1140C X Zmin 1120°C X2min 1140 X 2min
PRESEMI (BEMIE 47%
FREIZANIE GREE X BFE) 1120°C X 2min 1140°C X 2min 1120°C X 2min 1140%C X 2min
PRSI GSMMIE) 35+x2% 25+2%
———— e e e

RI&SEMI (SEMIE)

23+2%(QfE=1)
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SN ENERER

5.2
$BAE 9AKSH11 | OAKSHT2 | 9AKSH21T | 9AKSH22 | 9AKSLT1 | 9AKSL12 | 9AKSL21 | 9AKSL22
W) 7.0 6.0 7.0 7.0 8.0 8.0 7.5 7.5
B % EHE | 5.5~8.0 | 50~7.5 | 5.0~7.5 | 40~6.5 | 3.5~7.5 | 5.0~7.5 | 6.0~8.0 | 5.0~8.0
(BRAEMI®R | #) swnm) 6.5 5.5 6.5 5.5 7.5 7.5 6.5 6.5
% BAE | 5.0~7.0 | 3.5~6.5 | 3.5~7.0 | 40~6.0 | 5.0~7.5 | 4.0~6.5 | 5.0~7.0 | 5.0~7.0
e 9AKNH1T | OAKNH12 | 9AKNH21 | 9AKNH22 | 9AKNLTT | 9AKNLT2 | 9AKNL21 | 9AKNL22
) | 8.0 8.0 9.0 8.0 8.5 8.5 8.0 7.5
4 S R g BHH| 6.0~8.0 | 6.0~8.0 | 6.0~9.0 | 5.5~80 | 80 | 7.0~85 | 6.5~8.0 | 5.5~8.0
(RmRIMIR®R) | #) 2w 7.0 6.5 7.5 7.5 7.5 8.0 7.0 6.5
g BHIER | 5.5~6.5 | 5.5~7.5 | 6.0~7.5 | 5.5~7.5 | 6.5~7.5 | 6.5~8.0 | 6.0~7.0 | 5.0~7.0
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RRE OAKSH14|  |9AKSH12 9AKSH21|  |9AKSH22| 9AKSL11 oAKSL12]  |9AKSLef 9AKNL22

SREHIAIE (' 1teocxemn ) ( 1140CXomin ) (__m2ocxemn ) (C 1140CX2min )
RREBESHE 65~8.5 3.5~7.5 ( 6.5;8.5 ] { 3-5“;7-5 )

FREAREMI C 7 % ' Y )

v ' ¢ v

FRRISHALIE (" t1eocxemn ) (_1140Ccx2min ) (___meoexemin ) ( 1i40CXomin )
RHGHAME 45~7.5 | 8.5~7.0 ( 45~75 ) [ 85~70 )

S S EE

St r S IR

EAEMEARE 4.5~7.0

4.0~7.0 4.56~7.0

f '

{ Y Y
( 23 %

=HAEMT

BRMEANE 5.0~7.0 3.5~B6.5 3.5~7.0 4.0~6_.0 3.5~7.5 4,0~6.5 5.0~7.0 5.0~7.0
‘ &g '
< @ O

051  HEESAERBRER (9AKS)
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BEE_ OAKNH11|  [9AKNH12|  [sAKNH21  |9AKNH22 9AKNL11|  |oAKNL12| |sAKNL21|  |oAkNLz2
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