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Development of Ultra-High Purity Iron-Base Heat Resistant Alloys
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Material Grain Size (um) Treatment after SA Hardness Creep-rupture life
ccMm1 68 As solution annealed 140 24h
Ag850°C-5h + 30% pre-strain 257 180h
ccmz 16 20%CW + Ag750°C-24h +15% pre-strain Grip 209 300h
30%CW + Ag750°C-24h + 7% pre-strain Grip 220 450h
ccms 90 30%CW + Ag780°C-24h 275 560h
30%CW + Ag750°C-50h 276 470h
30%CW + Ag750°C-50h + 10% pre-strain Grip 256 400h
30%CW +Ag780°C-24h +10% pre-strain Grip 348 750h
ccma 75 25%CW + Ag800°C-24h 307 140h
30%CW + Ag800°C-24h 320 150h
CcCMs 350 12%CW + Ag800°C-20h 254 75h
27%CW + Ag800°C-20h 290 465h
27%CW + Ag780°C-20h +10% pre-strain Grip 294 600h
ccMe 320 Hot-rolled-850°C + 10%CW + Ag780°C —24h 350 365h
Hot-rolled-850°C + 10%CW + Ag780°C —24h 360 335h
ccm? 127 30%CW + Ag780°C-50h 324 385h
(prior TMT*) 30%CW + Ag780°C-20h 340 70h

2016 10 16

(a) CCM-1 (b) CCM-2

(c) CCM-3 (d) CCM-4

(g) CCM-7 (h) CCM-8
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Ak Cr Ni X, X,
- Avay b
3 0.970 0.974 1.045 1.040
s} Bt
0.974 0.978 1.045 1.035
0.965 0.970 1.015 1.024
~ | AvEYE
3 0.965 0.965 1.017 1.020
S 0.970 0.970 1.010 1.048
AL
0.965 0.965 1.008 1.016
®6 HARHEMTE (mass ppm)
C S o N Si P B | AL
CCM-1 14 5 28 3 | 1.6 | <1 |061| <6
Bl BYLER 13 4 27 3 1.3 | <1 | 063 ]| <6
CCM-2 95 | 35 | 1.6 | 03 NA
o $hi4 v =y b 99 | 3.1 | 1.5 | 07 ’
CCM-2 104 | 45 | 1.4 | 04 | 1.1 | 15 | 055 | <1
30 %HEFER 112 | 34 | 1.8 | 02 | 08 | 1.2 | 052 | <1
HPAM ¥R % % 3 3 15 5
<4 @ SHP 9 1 1 5
HPAM (10 53¥5##%) 3 <1 | <1 2 N.A
B .
HPAM (20 53¥##) 2 <1 | <1 1
HPAM (60 53¥fi#) 2 2 <1 | <1

CC: Cold Crucible, EEEZE 2 — F 7 v— TVIERE
HPAM: Hydrogen Plasma Arc Melting, /K3& 77 X2 7 — 7 ¥&fR (KIE THA)
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W5 AR S LTI K B EEO A I R
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. ARG NS SIEF LAY g b O it A s b
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KA RR U7z, 72FERMN R R A E A tritio
alHilli 2 23D TRMDER O mat{t & 110, SIERELEY 2 TR
T ARV ICR & L THATRINE & TRIDTED
et & e . e iIZ I3 Fe-Cr-NiX, X, X, X, 2 A& & LTI
U7z, RTUITRT &S 12, CCM-3~CCM-8D # AR 53D
T% CCM-1 XU CCM-2[alffk L. HEMEHHEEETH 59
EHERR L T B, H 2SO T, RFEZIIEMIZARIE L ¢
4.9 ppm~21.4 ppm EZ(LL T35, —fE%iE, 0.3 ppm~
3.5 ppm & IRF & D K& Z—HE, F22iEEiE, 1.5 ppm~
58 ppm TdH 0. AkfEMHRIC & F DIRIEL T, R
3. W DVERAEMIZ BT LiEd O 4. 28 ppm %
RL TR, ZDIE»DAIEM T 1.1 ppm~2 ppm FEE

R7 BEEEPHXRATEOHIER. (B ppm= pgg’]

?ﬁﬂ,@ Cc S 02 N*3
CCM-1 §&ft 14 5 28 3
13 4 27 3
S 14 5 28 3
CCM-2 Av=yh 9.5 3.5 1.6 0.3
9.9 3.1 1.5 0.7
T 9.7 3.3 1.6 0.5
CCM-2 30 %JEHE 10.4 4.5 1.4 0.4
11.2 3.4 1.8 0.2
E¥ | 10.8 4.0 1.6 0.3
CCM-3 Av=yh - 6.3 2.1 1.3
9.5 6.4 2.3 0.6
5.7 6.4 2.0 1.0
4.1 4.1 1.7 1.4
T 6.4 5.8 2.0 1.1
CCM-4 Ar=yh 4.2 5.0 1.3 0.8
- 45 1.4 -
5.0 5.1 1.3
6.0 4.8 1.4 0.9
T 5.1 4.9 1.4 0.9
CCM-5 sd&pf 5.0 2.1 1.9 1.2
4.4 2.6 1.2 0.2
- - 1_2 -
R 4.7 2.4 1.4 0.7
CCM-6 $B&ht 5.0 1.7 1.4 0.8
4.8 1.2 1.8 3.9
- - 1.5 -
F¥ 4.9 15 1.6 2.4
CCM-7 Ar=vh 16.8 2.6 1.4 2.1
16.5 1.5 1.1 1.6
- - 1.9 -
EH | 16.7 2.1 15 1.9
CCM-7-1 #dht 20.9 2.1 1.5 1.4
19.0 2.1 1.3 2.5
- - 1.6 -
EH | 20.0 2.1 1.5 2.0
CCM-8 Ar=yh 21.8 2.2 1.1 3.0
20.9 2.0 1.0 4.0
. . 13 .
| 214 2.1 1.1 3.5

*1): BRBE-TROMBRIR AR
#2): I DR B R AR ORI I i
*3) 1~ LR - R B
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TEM investigations on the gage of crept
CCM3-Aged-C, showing the precipitation
of nano-sized intermetallic compounds.

5 CCM-3 Di#liEERE1 L&A HY NI Zr, (RERER)

TEM investigations on the grip of crept of CCM3-Aged-C, showing the precipitation
nano-sized intermetallic compounds.

X6 CCM-3 DilEEEILEMIT LY (Fe,Cr,Ni) (Nb,Zr) Laves
18 (38 A EB)
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TEM investigations on the gage of crept of
CCM5-Aged-E, showing the precipitatio
nano-sized intermetallic compounds.

K7 CCM-5 D#ifi&ERL&MiTHEY (Fe,Cr,Ni) (Nb,Zr) Laves
18 (B & E5)

TEM investigations on as-proceeded CCM6-Aged-C, showing the precipitation
nano-sized intermetallic compounds.

X8 CCM-6DigH&ERE{EEMiTEY (Fe,Cr,Ni) (Nb,W,Zr) Laves 18
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(Fe, Cr, Ni), (Nb, 2r) laves
3

(a) CCM-6 IZ31F 3 (Fe,Cr,Ni) (Nb,W,Zr) Laves 18

(b) CCM-5 IZ #5173 (Fe,Cr,Ni) (Nb,Zr) Laves 48

(c) (d) (e) CCM-3 IZ#1F53 (Fe,Cr,Ni) (Nb,Zr) Laves #8. Ni,Zr, &
U8 o 48

M9 BAELICHBWMMTEADORETE

Precipitation within CCM3 and CCM4 matrix after thermal ageing

Schematic representation of the resulting precipitates after thermal ageing
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12
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SEM/BSE cross-sectional views of oxidized CCM model alloys and SUS310S
in SCW (700°C and 25 MPa) for 100 hours.
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