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Precipitation of m-Phase in Ni-20Cr-20W Alloy during Creep
Rupture Test in Air

Takashi MATsUO, Keiichi OHMURA and Ryohei TANAKA

Synopsis:

In metallographic study of Ni-20Cr—20W alloy specimens creep ruptured at temperatures of 900 and
1 000°C in air, it has been observed that a f/~Mn type nitride, z—phase, is formed in contact with oy-W
phase precipitated on grain boundary in the vicinity of intergranular cracks. The appearance of the 71—
phase in the nitrogen free Ni-Cr-W alloy is mainly attributed to the nitrogen in air through the intergran-
ular cracks. And no decreases in creep resistance and rupture elongation were observed due to the pre-

cipitation of n-phase.
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Table 1. Chemical composition (wt?%) and heat treatment of the alloy studied.

Mark C Si Mn Cr w Ni Heat treatment Grain size (pm)
1250C x1h—»W.Q. 246

20 W 0, 006 0.32 0.19 20,95 20,13 bal. 1200C X1h—~»W.Q. 56%
1330C x1h—W.Q. 620*

* Fine- and coarse-grained .specimens were only used to identify the precipitation of 3rd-phase after craep rupture test.
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Photo.

;= 1310h
1. Optical microstructures

(

b) ¢,=45%h

of the alloy 20W crept at 900°C for 1310 and 4526 h.

(a)
Photo. 2. Optical microstructures of the alloy 20W crept at 1000°C for 242 and 1877 h.
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Fig. 1. Time-temperature behavior of «, and

3rd-phase formation for the alloy 20W.
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Fig. 2. 1000°C section of the Ni-Cr-W ternary
system determined by KikucHI et al¥.
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(a) After aging for 3000 h at 900°C
Photo. 3. Optical microstructures of the alloy 20W after aging for 3000 h at 900 and 1000°C.

(b) After aging for 3000 h at 1000°C
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Table 2. X-ray diffraction data of the specimen crept at 1000°C for 1877 h.

Experimental value 7-Matrix a 3-Phase n-Phase® Cr;0;3(ASTM)

d obs. (A) I obs. hkl dcal.(A) hkl d cal. (A) hkl dcal. (A) I cal. hkl d.cal. (A) I cal.
3.616 V.W. 012 3.633 74
2659 m. 104 2.666 100
2.470 m. 110 2.480 96
2.226 v.W. 110 2238
2.167 w. 113 2176 38
2.119 st. 221300 2119 100
2057 v.v.st, 111 2.071
2.011 m. 310 2011 60
1917 w. 311 1917 30
1.813 w. 024 1.8156 39
1.786 v.st. 200 1.794
1.700 v.W. 321 1699 15
1.669 st. 116 1672 20
1578 NAR A 200 1.582
1.534 v.V.W, 410322 1.542 <5
1.501 CAAN 411330 1.499 10
1.463 m. 214 1.465 25
1.431 st. 300 1.4314 40
1295 m. 1.0.10 1.2961 20
1289 V.V.W, 211 1292
1262 v.st. 220 1.268
1.250 m. 510431 1247 60
1.240 vv.w. ' 220 1.2308 17
1.183 st. 520432 1181 80
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Photo. 4. Reflective electron image of the
specimen crept at 900°C for 4 526 h.

iz, Photo. 2 (b) @ 1000°C, 1877h 7V — 7HEM;
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LEFDOTEWITTOMEEL Fig. 3 wrd. (a)wwrd
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THYH, a HHOWERRHETH 1/5 Th%.

T HOMEMIZEBR L X e TeMX®® vtk X h

Fig. 3. X-ray spectrum profiles of the 3rd-phase
(a) and the y-matrix (b) for the specimen
crept at 1000°C for 1877 h.

Table 3. Composition determined by wave-disper-
sive X-ray spectroscopy for y-matrix and the 3rd-
phase of the specimen crept at 1000°C for 1877
h, (wt%).

Element 7-matrix 3rd-phase
Ni 74 34
Cr 11 39
w 12 18
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(a) Gauge portion

(b) Screwed portion

Photo. 5. Optical microstructures of the gauge portion (a) and screwed one (b) of the

specimen crept at 900°C for 4 526 h.
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BT5EEXLBRS. LicdioT, © xR T 5 4
Bx#Es Cr, W o Ni o 3 EELFThhiE (Cr+
W)/Ni o FFHIIH 1.5 L5 Ths. £2T,
Table 3 DFER LV 3D (Cr+W) & Ni OFFH:
RDHE 1.45 Lich, 1.50 @iziT% L.

UEDRELD, 0WoRkGH, REGHBERH T
DR I f-Mn BDOR(LY, 7 THBHZ LIz
TEEG L, (Cr, W)eNigN,—y, TRTZENTEX
59,

UL, ERBRHAW 20W 3EFEL4REN L Tk 5
T, FTREEPTERLACLIOTHS. FoT, EHE
WINTH5H 20W O 27 Y — FEEEHE o B2 BT L 2=
AEOZ DT OB SV CTRET 5 LELRSH 5.

Photo. 5 1z 900°C, 4526h 7 Yy — FHHiH D » —
HCHETE»OH mm (2chickE (a) RORLE
(b) DXBEMZ LY /RS « Hry — oWEREEETHT-
DTEL IR FE R OSREICTRRIC S LT
Wi, L L, RBARUH T e HOZAWTH LT
B, m HOWHI &< B D Lhlu. ik, Photo. 3
(b)IIR L 1000°C, 3000h Bfireshbt oSBT
T EOWTh n fHOFEXRE L AL A, ZoMERN
BRI T EHFEMNDT-.

PlEoz & Xb, = HoMHREAEKRE COEhoR
HE, TOFFHLBALCEROENE TORIU
BETZ EHEIRS. 220, 7 HOFHEEL A
{ELT Fig. 4 WiR$. 70 —7EEHHEL L, (1)#%
N REE N OANEIE LI NS, (i) BHr L & &
FIARHREANEEE L, KR E OBEMAER L T
BN OB E AR ORNCHEE IR S, (i) kEH

900 or 1000°C

Fig. 4. Schematic representation of the z-phase
formation due to the nitriding through the grain
boundary cracking during creep in air.
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Fig. 5. Stress-rupture curves of the alloy 20W
at 900 and 1 000°C.
% Specimens in which z-phase was observed.
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Fig. 6. Stress-minimum creep rate curves of the
alloy 20W at 900 and 1000°C. < Specimens

in which z-phase was observed.
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Fig. 7. Creep rate-testing time curve of the
alloy 20w at 1 000°C-1.5 kgf/mma2.
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Fig. 8. Change in rupture elongation of the alloy
20W due to the precipitation of =-phase at 900
and 1000°C. % Specimens in which z-phase was
observed.
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Fig. 9. Variation in the ratio of the tertiary
creep duration to creep life with time to
rupture for the alloy 20W crept at 900 and
1 000°C. ¥ Specimens in which 7-phase was
observed.
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Photo. 6. Optical microstructure, showing the dif-
ference in the microhardness impressions between
m-phase and y-matrix of the specimen crept at
900°C for 4526 h.
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