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On the High Temperature Strength of Ni-Cr-W Alloys

Synopsis:

Taizo OHMURA, Kensyo SAHIRA,

Akihiko SAXONOOKA, and Noboru YONEZAWA

Alloys of Ni—-Cr-W-C system were investigated to find a new forgeable alloy which may satisfy the pro-
perties required for tube materials of an intermediate heat exchanger for atomic energy steelmaking.

In case of a constant carbon content of around 0.08 weight 9, the highest creep rupture strength in air
at 1 000°C and 1 100°C was observed around Ni-20Cr—20W in the Ni-Cr-W system investigated.

Creep rapture strengths at | 000°C and 1 100°C of the Ni-20Cr-20W alloy increased with increases of
the carbon content and solution heat treating temperature and time.

Details of these phenomena were discussed through the observation of the structures and the analyses
of precipitated carbides of materials subjected to the solution heat treatment and the creep rupture test

at 1 000°C.

The potential of the Ni-20Cr-20W-xC alloys for the required material seem to be very high.
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Fig. 1. Dependence of the creep rupture strength
of various Ni-base super alloys on(Mo+ W)
in residual matrix after precipitations of 7',
cdarbide and boride.
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Table !. Chemical compositions, heat treating condition and grain size of Ni-Cr-W alloys.

Chemical composition

{

Heat | ! Soluti ! Grain size

T | - olution Heat Treatment I
No- 6y W c Al Ni | | (ASTM No.)
H 3 19.14 24 .47 0.09 0.14 bal.
HIO 24.97 19.65 0.07 0.09 4 1325°Cx 1 hr->WQ 4.4
HI6 19,57 19.38 0.06 0.09 4 1325°Cx 1 hr->WQ 4.3
H21 10.09 18.37 0.055 0.05 v 1200°Cx 1 hr-WQ 2.0
H22 19.64 10.02 0.03 0.05 4 1200°C x 1 hr>WQ 3.7
H23 19.87 1490 | 0.04 0.09 K4 1250°Cx 1 hr»>WQ 2.1
H25 | 24.61 18.92 ;| 0.05 0.07 4 1300°C x 1 hr»WQ 4.2
H63 14.85 18.78 0.09 0.11 4 1275°Cx 1 hr»>WQ 2.5
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Table 2. Chemical composition of Ni-20Cr-
20W-xC alloys.

Heat | @ Cr w Al | Ni
No.

HI16 [0.06 | 20.10 | 19.73 | 0.09 | bal.
H 4 j0.11 | 21.31 18.98 | 0.10 4

N
-

H5 |0.13 ] 21.67 19.62 | 0.04 y —

H2 [0.18]| 21.24| 19.38]0.11 4 —

H 7 |[0.205 21.34| 19.66 | 0.09 4 —

H12 | 0.165 21.31 18.43 | 0.13 4 0.01
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Fig. 2. Creep rupture strength of Ni-Cr-W alloys.
C in brackets shows that the test specimen
fractured at “C” point.
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Fig. 3. Dependence of the creep rupture lives of
Ni-20Cr-20W alloys on the carbon con-

tent.
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Fig. 4. Effect of solution heat treatment on the
creep rupture lives of Ni-20Cr-20W-xC
alloys.

Y — PEEREGE 1000°C 35 Xt 1100°C ¢ F—{E&W)
DEFERL, CAOBINE & HICHFMIETL, 0.1
Yz B EHINT S XS5y, 0.2% LI ECTHUK
ToOEMICHS.

BRSNS ) — TGS 2 5 28Iz o
W Fig. 4 12% L. 1000°C 3 X085 1100°C vFh
DHEBT K WTE, BIBREFRERCOAET 513 CBEr
FmidE b, FoEIBERREIEHRICMER X 0T
ma i kE {kok.

1325°C, 4hr OOET 0.119%C &4 TILiERN &4
Cled07c%30.205% C & & T4 U, 0.11%
CH4ETE~T0.200%C lI—RCEEMFGEZR LT
w5, o CEOE LT O WTERILABEGEEZE X
ﬁ%btﬁ%&Fg-5kmut#@—%wﬁﬁf&@

1000 ¢ T T ]
[ o Ni- 20Cr 20w 3
L e Ni- 20Cr- 20W 00l Zr 4 g
S60f  1000°C, 3 5kg/mm? ]
Sufix; Grain size, ASTMéy py
= eg5 ©
< 200 M
Q o ”
= 5.6//’
@ 1 00| 0. 45 °g2 i 607—
5 . 43 g ’-,/ ]
s - 45,.” .
- 50 - ,/ _
. | //
b - -
S5 ]
O
20} 66 i
10

! 1 1 L]
0 005 Qlo Q5 Q20
C {wi%)

w

-
Fig.

Dependence of creep rupture lives of Ni-
20Cr-20W(—0.01Zr) alloys on the carbon
content and the grain size.
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Photo. 1. Photo-micrographs of Ni-20Cr-20W-xC alloys solution heat treated at

1325°C lhr. X500 (9/10)
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Photo. 3. Photo-micrographs of Ni-20Cr-20W-xC alloys after creep rupture test at

1000°C. %500 (9/10)
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(a2) H7, 1000°C, 6kg/mm?2, 39.5r
(b) H7, 1000°C, 2.8kg/mm2, 1475.3hr
(¢) HI12, 1000°C, 2.8kg/mm?, 1474.2hr

Photo. 4. Electron micrographs of creep ruptured
specimen of Ni-20Cr-20W-xC (—0.01
Zr) alloys.
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Fig. 9. Dependence of the volume fraction of car-
bide (f), and extracted residue on the
carbon content of Ni-20Cr-20W alloys.
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