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MATERIAL PROPERTIES OF OXIDE DISPERSION STRENGTHENED
FERRITIC STEELS FOR CORE MATERIALS OF FBR

Mechanical Properties of INCOLOY MAS57 and MAS56 at
Elevated Temperature

Eiichi YOSHIDA*,Shoji IITSUKA** Shoichi KATO¥*
Seiichi SEKI¥*, Shigeki KANO¥

Abstract
Oxide dispersion strengthened ferritic steel (ODS) is
expected to be applied for the long life core materials in
large scale FBR, because of good swelling resistance and

high creep strength. In this study, creep-rupture, low-
cycle fatigue and physical properties tests were performed
on MA957 and MAS56 in air. Furthermore, varicus basic

materials properties were evaluated.

Creep-rupture tests were conducted up to 10,000 hours
at 600-800°C. Low-cycle fatigue tests were conducted at
550-750°C under strain control mode with full-reversed
triangular waves, at the strain rate of 0.1 %/sec and the
total strain range of 0.5-1.2 %.

Creep-rupture strength of MA957 was higher than that
of 20% cold-worked modified SUS316 SS at long time. But
the specimen picked up from transverse angle against
drawing direction showed the significant decrease in creep-
rupture strength. MA956 had lower creep-rupture strength
than MA957. it was same as those of 9Crn12Cr ferritic
steels. Creep-rupture elongation was few percents expect
for that of MA956 at low-temperature range (£650°C).

Fatigue life of MA957 was a little lower than that of
SUS316 SS at strain range below 1.0%. Under high strain
condition, cyclic hardening was observed.

Physical properties of MA957 were similar to those of
martensite SUS410.

These results will be reflected to development of
oxide dispersion strengthened ferritic steel.

*Materials Development Section, Components and Systems
Division, OEC/PNC

**]1st Chemical Processing Section, Processing Division, Tokai
Reprocessing Plant, PNC
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Table 1 MA957. MA956 DILFRMA

0 & C|Si|Mn| P | S |[Cr| Ni| Co|Mo| Ti|Al |Y203 O

~ d@looss| - | ~ | = | = |3 - | - [o31 [om]| - | - oo
M 0014 008 | 006 [<0008[0006 |1420] 024|001 [030 | 10 | — | 027 | 021 jooss
A s o ol 0017|004 | 0031000300019 1390 03| 0031 031 | 100 Jou9 | 027 | 018 0053
# [0012]0029 | 0.047(00017 [00086{ 1409| 0.23] 0012|031 | 101 0062 | 025 | 0.186[0.0347
swv—t | = =] =] = | = |wa1] = | - | - |o35[a35 | 052|022 jooss

MAS56

% # i 0018|013 | 011 [oo11 [0.003 [2002] 0.09] 0026 [0004| 036 |438 | 047 | €23 j0.033

%1 FHM(1m!x915m" x 1200m%)
%2 BBEE(635m

x9.5m " x3000m<)

Table 2 ZERUEESL RS S

#1 & HREAEEC) 0.2%M7 (kg md Y5 TRES (kg/mi) | R H G
R.T 94.4 1056.0 110
. R.T 974 102.6 11.0
650 387 455 83
650 39.3 469 180
MA9 57
R.T 983 1127 183
R.T 100.8 113.4 21.0
(=5
650 36.2 435 327
650 40.1 44.6 230
R.T 60.6 81.3 200
R.T 56.2 79.1 198
MAQ5 6 i
650 195 95.4 52.7
650 12.3 24,2 478

om P X 6¥X30G.L
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Table 3 2 U —7HHEEERSME,

(%488 . MA957, MA956)

o

MA95 7 MAQG586
H B
R B E EQ 600, 650, 700, 750, 800 | 600, 650, 700, 800
A2 1 %7 IR Rl h) 100~3,000 100~3,000
BB EHEK K &K X &K
Table 4 (&4 4 7 AVEHHREBREME
( %805 : MA9ST)
x O OB OB Bighs SR B E T ARRME ( BRmEY — KX
il il EOTAEIEC AEBRFETH 2 0m )
A wm ¥ E =ik
DS AHEE (% sec) 0.1
o F A @ 0.5~1.2
B BB B 550, 650, 750
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Table 5 M{EABEME 7 = 5 4 MEMASST D ) —7EHEHER (LAR )

BEE | B B | gNcHE | WEHT | SR | EEI2V-7 @ %
*C) | (kg/mm?) (hrs) (% (%) HE (%/hr)
43.90 197.0 3.5 5.4 6.73X 10-2
42.0 48.4 3.6 24.1 2.80X 10-1
41.0 947.8 2.8 2.7 1.16X10-3
600 40.0 5582.8 3.7 13.0 1.56X 1074
38.0 (9887.8) | (0.8) - ~ o
37.0 | (10185.6) | (0.5) - 1.27X10°5 | o i
34.0 | (11168.6) | (0.1 - 1.21X10°5 | 1 Bf
89.0 13.8 4.8 10.0 8.54X 102
38.5 107.4 3.0 1.2 7.72X 1073
38.3 191.5 2.1 2.3 3.45X10-3
37.8 10.4 4.5 28.8 | 1.33X10"!
650
36.5 2445.5 1.9 6.9 | 1.53X10°4
33.0 | (10004.8) | (0.5) - - M
32.0 | (10659.3) | (0.4) - 8.54X10°8 | iy
28.0 | (11167.8) | (0.2) - 1.26X 108 | & i
32.0 359.7 3.8 45.1 1.25X 103
31.0 2292.2 2.8 4.2 1.28X 104
700 29.5 4268.7 2.8 3.6 8.12X 1075
27.5 | (10003.1) | (0.3) - 1.63X10°5 | ot M
25.0 | (10976.7) | (0.1) - 1.15X10°¢ | & Wi
27.5 143.4 2.6 6.5 1.38X 1072
27.0 522.8 2.7 6.8 4.65X 104
o0 26.5 457.5 3. 5.3 5.31%X 104
25.5 1926.3 0.5 ~0 6.08X 1075
24.5 46.1 0.4 5.4 5.30X 10"3
24.0 20.8 2.9 ~0 5.42X 1072
800
23.5 87.0 2.9 9.3 1.00X 1073
22.0 3134.0 0.3 4.1 7.26X10°5
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Table 6 BLOSEHEE 7 274 EMAGST D4 ) —7HRERFER ( THE)

B E | B 7 | wEel | 86T | By | S8s0—-7 | @ =
('C) | Ckg/mm®) | (hrs) (%) % =E (%/hr)
30.0 9.8 9.4 - 5.46X 10"
30.0 7.4 10.4 - 6.82X 10!
650 28.0 70.4 5.4 - 3.50X 1072
27.0 248.0 3.5 - 5.73X 1072
25.0 3052.0 3.9 - 3.92X 1074
- 23.5 115.5 5.4 - 1.90X 1072
23.5 143.1 5.5 - 1.40X 10-2
700 23.0 323.4 4.2 - 3.90X 102
22.5 256.9 3.3 — 1.33X10°2
22.0 893.6 3.5 - 9.27X 1074
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Table 7 B{tMOBRE 7= 54 rAMAIS6 D7 ) —THERER (LAM )
BE | B 7)) | Sk | @bide | Bl | EF29 -7 | i E
(‘C) | (ke/mn®) | (hrs) (% €3] #HE (%/hr)
15.0 267.2 30.1 56.9 | 2.89X10°2
600 13.5 786.0 21.4 48.5 | 8.86X10°2
12.5 1893.7 30.8 30.8 | 4.77X10-2
11.0 886.2 10.6 14.6 | 5.73X10-2
10.0 1493.3 2.5 7.8 | 2.55X10°2
23.0 0.3 45.0 - -
650 20.0 0.6 56.7 - -
16.0 6.0 38.0 - -
16.0 22.6 23.0 - -
12.0 75.8 28.2 - -
8.5 559.4 8.9 17.4 | 4.32X1072
700 8.0 606.7 .9 6.0 | 4.01X10°2
7.0 2222.6 4.5 10.0 | 5.50X10°4
5.4 134.0 7.5 31.0 | 1.80X10°2
.0 158.8 6.5 8.8 | 5.84X10°2
800 4.7 281.1 3.2 6.4 | 5.09X10°?
4.8 588.7 5.2 2.7 | 1.94X10°4
3.0 | (11480.2) (0.5) - 3.33X 107 | R U




Table 8 MA9ST D&Y 4 7 wiEFEEBRELE

AERIRE RBRF &S | 209 SHHE Etfﬂ‘éﬁﬂg gﬁ?éﬁé% G & B | WIREDELE | BEGIE
Net ANED Nee AR Nf
(t)H (%1 (%5 (%) (Kg/m ) (cycles)
TMF—-22 1.L196 05651 0.645 128.2 407 B
-1 0.995 0.387 0.608 1245 1224 B
°50 -3 0.795 0.200 0.5695 1201 2440 A/B
~11 0.593 0.068 05625 109.0 E67H B
TMF—7 0.993 0.416 0.577 89.4 789 A
-19 0.795 0.280 0.515 8 6.0 1574 B
650 -12 0.496 0.077 0419 70.3 72417 B
—-16 1.196 0.662 0.534 8 9.5 384 B
TMF—9 0.793 0.382 0411 55.8 771 B
—-10 0.995 0.575 0.420. 55.7 5417 B
750 -21 0.698 0.296 0.402 1.6 947 B
-20 0.497 0.122 0.375 51.8 5469 B

LET-68 OTV6NL-ONd



{a) 2

(T)

% 53
(g/ek)

Table 9 MAQ57 OEIRIIEE

20

7.674

(b) K #
it i:3 24 #
(c)H (cal/g+T)
20 0.109
50 0.114
100 0.1 20
150 0.12s
200 0.12s
250 0.13:
300 0.137
350 0.14:2
400 0.14s
450 0.14,
500 0.167
550 0.17s
600 0.19
650 0.2 1o
700 0.24s
710 - 0.257
750 0.18s
800 0.1 6s

(c) BMRERE

i ;:4 o &3 OE
(CTH (w/em*C)

20 0261

200 0.27 82

400 0.26 40

600 0274

800 0.264s

LET-68 O0TV6NL-ONd



(A) BuEREHE
o) B SRR

(T)H (1075,C)
100 10.5
200 10.7
300 108
400 11.1
500 11.4
600 11.4
700 11.3
800 11.5
900 11.9

* 1y

Table 9 (HEx)
(e) ¥ 7

iR B O
(C)H (10°kgf, ud )

23 22.7

100 22.4

200 21.9

300 21.1

400 20.3

500 19.2

(f) £#7v v
8 B F7v ok
(C)H
20 0.31

LET-68 OTV6NL-ONd
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