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Creep Rupture Properties and Their Degradation of Heat Resistant
Alloys for Nuclear Steel Making in Helium and Reducing Gas

Atmospheres

Tatsuhiko TANABE, Tatsuo SHIKAMA, Yoshikazu SAKAI, Masakazu FUJITSUKA,

Hiroshi ARAKI, Heitaro YOSHIDA, and Ryoji WATANABE

Synopsis :

Creep rupture properties of heat resistant alloys with carbide or carbide and ¥’ precipitates were
investigated in the temperature range from 900° to 1 050°C in He and reducing gas atmospheres. The
degradation of the rupture strengths took place in the alloys, which have carbide as a strengthener, due to

decarburization in He atmoshere at higher temperature than 1 000°C.

In the alloy which was strengthened

mainly by ¥’, the solutioning of v’ led to the degradation of the rupture strengths, but to the restoration of

rupture ductilities in greater extent.
from 0.2% proof stress was proposed.

A new method to predict the rupture life, steady state creep rate, etc.
In most cases, the method was found to be satisfactory in the sense

that it represents the degradation behaviour of the alloys according to various causes.
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Table 1. Nominal compositions of the alloys (wt%).
Alloy c Si Mn Ni Cr Mo w Co Fe Others
NSC-1  0.07 0.1 0.1 66 18 0.5 15 o Y o
sz 0.03 LAP* 0.2 62 27 5.5 5.5 0B ok
RS513 0.2 0.15 0.25 30 20 3.0 1.0 44 P
R4286  0.046  0.06 Tr** 5566  18.89  3.98 58  10.65 WA A

* LAP: low as possible, **  Tr: trace
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Table 2. Heat treatment of the alloys.
Alloy NSC-1 sz RS513 R4286
1250C 1h WQ 1300C 1h WQ 1300C 1h AC 1200C 2h AC
Heat treatment 1150°C 1h WQ 1300C 0.5h AC 1050°C 4ah AC
1340C 1h WQ

Reducing Gas » 900°C
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Fig. 1. Stress-time to rupture curves of the alloys 32 EHAE REREFRUEHERS

at 900, 1000 and 1050°C in He-2 and R.G..
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Table 3. Carbon contents of the alloys after creep rupture testing in He-2 and R.G. (ppm).

NSC- Sz RS513 R4286
Temp. (°C) Environment
Life (h) L 0. Life (h) L O."  Life (h) I 0. Life (h) L 0.
900 3523 755 693 3694 402 477 1634 2286 2341 2646 713 1244 He-2
900 2175 567 545 1111 376 397 477 2015 1944 2219 569 965 R.G.
1000 864 348 117 1035 566 717 1365 2205 1952 2221 549 491 He-2
1000 1690 30 31 5798 439 367 3776 587 290 He-2
1050 230 136 85 121 319 129 76 1706 1143 396 461 232 He-2
St 600 400 1900 460
I. : Inside, O.: Outside St: As received
o He—z ¥ 1 rrrrr l T T T II T T L} T T
900°C 4 1000°C He-2 4 1050°C He-2 3f He-zio a0 e e
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(a) NSC-1 (b) R4286
Fig. 2. Stress vs. Larson-Miller parameter P
relationship of the alloys in He-2 and R.G..
T: Temperature (K), C: Constant ¢,: time to
rupture (h).

HZEERE GUREE 3mm) 7?0 LB RN ET
F-¢ 1000°C 1000h, %E 7 1050°CHEhTHS.
“hoof4 Fig. 1(a), (b) = Fig. 2(a) ki
THEROARSBREERES KD LeFEaOLL
EEZNE, Thb288BEFBLWRREEZRCHESE
BRORETHRE CTHEMFMCE LWHLERT L0
52 LAATX X5, RS 513 743 1000°C Pshd 5 — &
AEREEM Lasisyvay, Photo. 1 (¢) OfEREA£RE
:%ﬁbf&&ht.:@ﬁﬁf@%ﬁ%%ém@a&

7o, ZOEEIT 900°C THE L RKT %A (Table 3)
ZDfj% Photo. 1(f) wmd. FEHCEENSEL
bhsasz it EPMA CHEELIcEZ 5FEMHT Cr,
Mo, W o R{IE#ThH 7. ¥ 7-Rix 1050°C Thip D
TR R HCELRL, 7 dEHE L T
HDT Photo. 1(e) DX5kcilifis/ch. ZDHFED
1050°C = B bh s @R flcogis v BB R
HL, EEMcofbrcheme ThREC X 58E
BoORENRRTHS EEZ LIS,

4. % s

DExaTc&iX 5w A4S D %< i He-2 1 900
°C TRRE L, 1000°C B 5\t 1050°C iR L, B
D7 NSC-1, SZ B UGiHo 113 MAD BEE
WHHER 0L R bR A, DEMIE Larson-Miller

— 112 —



RFNEGRATBEELEO~Y Y AROCETE S ABERSH 7 Y — TR S L 2081k

2055

a0

(a) NSC-1, ruptured at 900°C after 3523h in He-2

(b) " SZ, ruptured at 1000°C after 5797h in He-2
(c) RS513, ruptured at 1000°C after 1364h in He-2
(d) R4286, ruptured at 1000°C after 3775h in He-2
(e) R4286, ruptured at 1050°C after 888h in He-2
(f) R4286, ruptured at 900°C after 1490h in R.G.

Photo. 1. Photomicrographs of the alloys creep ruptured in He-2 and R.G..
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Fig. 4. Temperature dependence of 0.29, proof
stress of the alloys in pure helium environment,
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(a) KSN and 113MA (b) SZ, NSC-1 and R4286
Fig. 5. Relation between rupture life (h) and a= (applied stress/0.29% proof stress)

of the alloys in He-2, PNP-He and R.G..

— 114 —



RFNUREAMBELO~Y Y ARCELTH AZEKT 7 V) — B - 0% 1L

2057

42 a ([l EE

Fig. 5(a) 1% a-W MHHE Ni-Cr-W %44 (KSN,
HBMA)D oW COWKHREY a TEELALDOT
»5B. “OX» 5 KSN iz R. G. th, PNP-He o
T2 bEDTC—EFELCIERC LI DoTn5. =D
BMRERE, FHIICKELLWHIEDOER EEx
HERTSH. ZOHEAZRERT A X -5 T7F 4 —
KD ERILTHBDT, 2h—D2D~AZ—FFF,
—HBNEEREL TS EELTIVWEVW2 5. 1I3MA T
(% 1000°C T 500h, 1050°C - 200h &7 & 900
C OERELEDONENEESD. HbDeys KSN L~
&, TOHFLTIIThLTHRORE, B b Lrts
TDHLZ X5, A LEROARIL 1050°C 0 JH
BTHA. ZhrzoRET 113MA oFE#(LAT
D—D2TH 5 RACH BRI 2 BRI O LR s\ T

LPATHIDTHB EELZ BRAB. —JF1000°C Tix
BRI FBEEBEL T L Y Ey, FEBEILRAEOE
B2l TLhiz ERERBIENFER IO LB
bhsb. %72 1000°C ToRE4D PNP-He diod 2 5
DF — 2 XFERETO He-2 thoF — & L EFio it
LTWwWb X5l bha. PNP-He o AaE < 41k
PRENCRERRIRZERKF D2 He-2 i n § a-W
RZBEIVPEL EBR W X 5 RILYRZBIEI NG
Mot fed bbb, Tels, PNP-He fivid kA
DR EZD DI 1050°C o He-2 dr LIkl C%
e ?, P OLToRZRIOPOHERK - E
b Slghofe®,

Fig. 5(d) 12 SZ, NSC-1, R a-H¥EHE=N
HbH. SZ Tix 1000°C  TizWFhoFHESHD 7 —
2 H1IF—EH o b, 1050°C i3+ h s SEipE

‘o He-2: 0800 °C 4 1000°C ©1050°C Reducing Gas:s 900°C
- T T I T T ' T T l T L
KSN (a)
05 | —
o o9 — O
.oo-——"‘h”l:'/,
- o ___—:-_I,L.I—’A”‘%—ﬁ/-‘
2 F 1
g ﬂ__——r”-&‘A 4 a
= —
2 1.0/0. | — t — —
Q
L
) 05 N3MA —_— "
~ . N a {a] _
; 2 csn“""'_'o_—o—:r——
0.2
04
1.0
0.5
0.2
1.0/023
Ly
©
K 05 |
1o
b% 0.2
h g
8 1.0/04
0.5
e
0.2
0.1

CREEP

(a) KSN and 113MA

RATE (°% /h)

(b) SZ, R4286 and NSC-1

Fig. 6. Relation between steady state creep rate (%/h) and a = (applied
stress/0.29% proof stress) of the alloys in He-2 and R.G..
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BEOLOEEDK.) ©oWT 7okt DTHDA,
B F oSS L FKE KSN ciiE, ZHRKCEKE
LisWEEIE DR, fiofd&cixrhZhoFbick
IGLEB YR LTWA, 7)Y —7BLn1%, 2
%, 5% wETHRME t(e%) b a-HHFBER &
EEDMEA &R L.

BEarz X 8B YHARBESICOWTIT2RAS, £0
BB ohcEROAE (n ) % Table 4 ¥ &
TRT. (RL(2)RD —n & Table4 Tikon &L
FetedERTIRAFSNOVLT WA, oy HIZ(4)RE
PH(DR, (2)RTEbLhcERELLALTHS.
ZOERND, FELIWBED & 525 nfBiXsi
DEw B~12)28, PRy 1~2.5 BEKTFT5
T Edbrb. Eio oty 52D nERBRELOBE
2~2.5 OEHEH 5D THILDILRETH LR a-
BFEGR ke, ZESFOBARRARD 5\ I2ERHO
7Y — 7EGRBREN L 2 ) — IREHERCEEOH S
Bl E (BREER) 2bhud, Tosb n=—2 O
25 GEMRN e RR SRR E DI 5.

DEDHER»CHMBRAEDE T a= (ARG /

Table 4. n values calculated from the equation
Y=Aan, where Y means rupture life, steady state
creep rate or time to reach the given creep stra-
in, and « means the ratio of applied stress to 0.2
% vyield stress at the same temperature as creep
testing.

Alloys Y=és Y=tr Y=t (5%) Remark
NSC-1 8 8) ( - ; (5)) (: ? Z) decarburization
SZ (? g) ( — g g) ( — g g) decarburization
KSN 7.1 —5.9 —5.6
9.5 —6.7 —8.9
113MA (5.3) (—4.2 (—4.5) 1000°C .
(1.9 (—2.0 (—2.2) decarburization
4.5 —4.2 —3.8
R4286 Qa.n (—2.5) (—1.7)  decarburization

és : steady state creep rate
tr : rupture life ]
t(5%) : time to reach 5%creep strain

(0.2% fWitIN %25 A — & & LCHENFH®, EFZ7 ) —
f%&%ﬁ%@ﬁml5Hﬂ@%m%tv%ﬁmu~¢
DEHTEIN, FrbhiIThZhoSBLER X
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SR (BHWISE) O AR Y —TD=AZ
—H =T ENHZENTE LS. ok, A#ETR(])
X, (2)REBRELID, aR XD b, & OBEYL
FRACRECK S TRIBE—EFCE L EHMMTD
WTIRZ R BORIGELUCEISL LT\ EE 2D, %
2, TOXSTERVBONTELRLOLARIFETS
TEMD, ThbDEETIX(L), (2), (8)RMHAL
LCWhieh ot Bbhah, a 0FHEOWTIRS
BAEHOEECOWTHILER®ERE L b&REHT
BULERDB.

5. & =

R &4 (NSC-1, SZ, RS 513) RO ¢/
+ RALHT A & & (R4286) 0~V v A SKEXH (He-
2) RUBTLH AR R.G.) 7V - 7EHARBRETL,
RIS o-W HHIEIA 4D (KSN, 113MA, MA-
X70) DF -2t THENLEERKROZ EXHL
i LR SRl

(1) NSC-1, SZ, RS 513 Kyt R4286 o7y —
FHEREIZ 900°C kW CRRBAKHRELZT ks
.

(2) NSC-1 B1¥ SZ i3 He-2 s, 1000°C %%
Wik 1050°C iR X b BEliF S E L HLT 5.
R4286 1% y’ OREIBILEOBFKIC X b 4k 1050°C T
Bhs.

(3) WWHFGOLHLEBLZETHERELTa= (B
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