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Creep Rupture Properties of Ni-Cr-W Alloys for Nuclear Steel
Making in Helium and Reducing Gas Atmospheres
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Hiroshi ARAKI, Heitaro YOSHIDA, and Ryoji WATANABE

Synopsis :

Creep rupture properties of Ni-Cr-W alloys developed for nuclear steel making, which precipitate a-W,
were investigated in the temperature range from 900°C to 1050°C in He environment (He-2) which
simulates the primary coolant of High Temperature Gas Cooled Reactor (HTGR), and at 900°C in
reducing gas environment which is to be used when direct steelmaking system is connected with the
primary systerm of the HTGR. The results were discussed in terms of environmental factors such as
carburization, decarburization and oxidation. It was found that the two alloys have the possibility to
satisfy the target of R & D, that is, “the alloy should have the 50 000 h rupture strength of more than
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1 kg/mm?”.

Further, the degradation of the rupture strength in the alloy which has a-W as a main

strengthener, did not appear in spite of severe decarburization of the alloys.

1. &

RIER A AT L HEEMG A7 2 FIHRE LT
% BHYTIR 7 A 4P o AR Basr i 25 T Bobhk o0 B F6 1 308
BEHOKE I e - 7 bO—8ELT, H£A ALY
BEOWCHESHTE L. CoRBCOWTIREFP SN
HHCHELTWAY, ZoFry .7 OB TEEH
BHEMRZEANEIE 2 — DB L &S oWT, —K
FOWHK (R He) ROFIFHFRO 7 AFHEK BT
HA) REBRLLERASHICKT S 2 ) - FHENRBRY
EHELT X7,

AR ERHRAELDO 5 b a-W ZHH$ 2% Ni-Cr-W
FH4 (KSN2, 113MA®, MA-X709) 2B L CHih
D 2FETRFD 7V — THERABR A T o R onT
BRILDOTHS.

2. R B /&
79 — T HWEEBE R He(He-2) 900, 1000 &
O 1050°C ¢, BT H A (R.G) th 900°C %
L, BEWES, REOMO, o BE, SRARERR

il

CRBHVRIT oK. BERFTEO KT IMES O
W}ED CEETHOTHESZPOLCBRRS
2-1 #EH

Table 123kt O AR LR, 366 &b Ni-
Cr-W RE&THD. 7 ) —THERBRAZF v » 758
NEj#EX oL (He-2) RO x oK DD (R.G) #
v, zofto R o0 Ha s REThs.
Ao BRI OWTIZHF S OREY ¥EBIhi-
L.
22 JY-THBEHAR

Table 2ic 7 ) — MR HEH Loy AR %=
3. He-2 ARBIMAN—TSiRXEEDY, T2 R.G.
FERER TIXE 4 DR XK RO 7 A FIGINHEE Y #E T
727, BEHEEERNT He-2 2 1000°C oL E 15 h
EL, OO TIHREE 1500~3000h HEL
fo. HAMBRHEREZFE S 300 ce/min ThoH, v
PP A K A2 FE L 0.4kg/cm?(He-2), 0.05 kg/cm?
R.G.) LBFKRKEL b @EHDL.
2-3 HBMBBRRUREDT

7Y — 7R, AR fEE L, RFEEHEET X

WA 56 44 HALWMBEARICTRE WA 57 £8H 26 HEH (Received Aug. 26, 1982)
* SEMBESMMEITSE YA T.#f (Tsukuba Laboratories, National Research Institute for

Metals, 1-2 Sengen Sakuramura Niihari-gun 305)

2 SBEMEENME K AT (Tsukuba Laboratories, National Research Institute for Metals)

— 103 —



2046 g & M ¥ 69 £ (1983) ¥16%
Table 1. Nominal compositions of the alloys. Table 2. Compositions of the gaseous mixtures
(Wt%) for creep rupture testing.

Alloy C B Mn Ni Cr W Ti Nb Zr Environment H, O, N, CH, CO CO; HO
KSN 0.02 — LAP* 58 16 26 — 0.5 0.04 He-2 (vppm) 300 ND* ND* 4 100 1 3
113MA  0.02 — LAP* 59 23 18 0.45 — 0.035 Reducing Gas (vol%) 80 15 5
MA-X70 0.08 0.005 0.2 60 20 20 — — 0.05 T ND ot deteered.

S,P: LAP* for all alloys. * LAP:low as possible
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Fig. 1. Stress-time to rupture curves 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).

KSN 113MA MA-X70 .
Temp. (C) Environment
Life (h) L O. Life (h) L 0. Life (h) I O.
900 6 207 305 372 4 560 397 470 164 705 631 He-2
900 1365 455 522 1821 411 928 133 691 703 R.G.
1000 455 451 399 1643 39% 5% 687 593 481 He-2
1 000 6096 35 47 9715 514 362 . He-2
1 050 3115 45 33 1512 67 72 77 651 386 He-2
Standard 280 350 600
I : Inside, O.: Outside, Standard : as received

(a2) KSN, ruptured after 550h
Scanning electron-micrographs of KSN and 113MA ruptured in He-2 at 900°C.

Photo. 1.

e g
(a) 113MA, ruptured after 5900h

(b) 113MA, ruptured after 650h

s
(b) MA-X70, ruptured after 2000h

Photo. 2. Scanning electron-micrographs of 113MA and MA-X70 ruptured in He-2 at 1000°C,
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(a) KSN, ruptured after 2000h

(b) 113MA, ruptured after 665h

Photo, 3. Optical micrographs of KSN and 113MA ruptured in He-2 at 1 050°C.
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Fig. 2. Dependence of the depth of affected zone
of the alloys on the rupture life at 900, 1 000, and
1050°C in He-2 and Reducing Gas(R.G.).
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Photo. 4. Characteristic X-ray images of carburized layer in KSN ruptured at 900°C
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Fig. 3. Stress vs. Larson-Miller parameter P re-
lationship of the alloys in He-2 and R.G.. T:
temperature (K), C: constant, {.: time to rupture
(h), in P=T(C+logt,).
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(a) in He-2, ruptured after 170h

(b) in Reducing Gas (R.G.), ruptured after 200h
Photo. 5. Surface cracks observed after creep rupture testing in KSN under the
stress of 7.4kg/mm? at 900°C.
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Fig. 4. Relation between ratio of carbon "con-
tents (C;/C,) and depth of chromium depletion
in the near-surface region of the specimen (KSN
and 113MA) creep ruptured at 1000°C in He-
2. €, and C, denote the carbon contents before
and after creep rupture testing and also corre-
spond to the values of Standard and of Outside in
Table 3, respectively. Rupture lives are shown in
parentheses.
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