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Effect of Grain Boundary Precipitates on High Temperature Creep
Properties of Ni-20Cr-Nb-W Alloys

Masao TAKEYAMA, Kaoru KAWASAKI, Takashi MATSUO and Ryohei TANAKA

Synopsis :

Creep properties and microstructure of Ni-20Cr-Nb—W alloys containing variable amounts of niobium
and tungsten were investigated at 900 and 1 000°C, focusing on a role of grain boundary precipitates. The
alloys with higher niobium content, in which the Widmanstitten type f~Ni,Nb phase precipitates after
its precipitation at grain boundaries, showed a relatively small minimum creep rate at 900°C accompanied
by the degradation of rupture elongation. The effect of the time lag between the in—grain and grain bound-
ary precipitations of the f-phase on the creep resistance of the alloys was evaluated by observing their creep
rate-time curves. When the tungsten content of a Ni-20Cr-3Nb-13W alloy increased up to 17 wt%,
marked improvement of creep properties was found under lower stress levels and it is strongly correlated
to the grain boundary precipitation of the «;W—phase which occurs after that of the f—phase. It is concluded
that the grain boundary precipitation strengthening effect due to such dual phases as f and «, is one of most
effective methods for improving the creep strength.
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Table 1. Chemical composition (wt9,) and heat
treatments of alloys studied.

Heat
Alloy C Si Mn Cr Nb w Ni treat-

ment

NW10|0.011 0.06 0.21 20.90 4.14 10.02 Bal | !200C x1h

NW1310.009 0.13 0.47 21.16 2.89 1283 Bal.

NWI5| 0,006 — 0.34 20141 313 1543 Bal | 120Cx1h
NW17[0.004 — 0.28 20.32 3,16 16.90 Bal | —~W-Q

20W ] 0.011 0.43 0.25 20.76 —  20.01 Bal.

Grain diameter: NW10-198 yem, NW13-275 yem, NW15-229 em
NW17-166 gem, 20W-246 pem - : not added
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Fig. 1. Stress-rupture curves of NW10, NWI13,
NWI15, NW17 and 20W at 900 and 1000°C.
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Fig. 2. Stress-minimum creep rate curves of
NWI0, NW13, NWI15, NW17 and 20W at 900
and 1000°C. ’
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a : NWI10, £,*=30h

b : NWI15, ¢,*=46h

c :NW17, ¢,=80.4h

t, : Creep rupture time 2,%: Extrapolated time because of abnormal accelerated creep

Photo. 1. Optical microstructures of NW10, NWI5 and NW17 crept at 1000°C-2kgf/mm?2.

a : NWI0, ¢,=1586h

b : NW13, ¢,*=320h
Photo. 2. Optical microstructures of four alloys crept at 900°C for more than
several hundred hours.
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Fig. 3. Changes in rupture elongation with time
to rupture of all alloys studied at 900 and 1 000°C.
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Table 2. X-ray diffraction data of precipitates
electrolytially extracted from NW17 after aging
at 900 and 1000°C for 1000h.

900°C 1 000°C ag-phase* B-phase!®
dou (A) Iobs doh (A) Iobs dca,l (A) Icﬂ,l dcal (A) Ical
2. 263 vw 2.265 20
2. 230 vst 2.235 vst 2.238 100 2.229 35
2.112 w 2.124 100
2. 000 w 2.001 75
1. 980 w 1.973 75
1. 576 m 1. 579 m 1. 682 15
1. 287 m 1,289 st 1. 292 23 1. 303 20
1111 15
1. 1156 w 1116 m 1.118 8 1095 10
0, 998 w 0. 998 m 1. 060 11
0. 911 vw 0.911 w 0.913 4

*. ASTM Card, 4-0806

Photo. 3. Reflective electron images of NW17
aged for 1000h at 1000°C (a) and 900°C(b).
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Fig. 4. Solubility limit and second phases of
Ni-20Cr-Nb-W alloys at 900°C after creep
testing and aging for more than several hun-
dred hours.
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Fig. 5. Creep rate-time curves of NW10 and
NW13 under various stresses at 900°C.
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Photo. 4. Changes in microstructures with testing time of NW10 crept at 900°C.
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NW10 ‘% B within grain

NW13 B at grain boundary

2 900°C
ONW10
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NoW
T T
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Minimum creep rate (h-1)
3
W
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T T T

10— st aoboe0
10 100 tood™

Time to rupture (h)

Fig. 6. Relation between minimum creep rate

and time to rupture of NW10 and NW13 at 900°C,

with the change in B-phase morphology.
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Fig. 7. TTP diagram of NW13, NW15 and
NW17.
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Fig. 8. Effect of W on minimum creep rate of
Ni-20Cr-3Nb-W alloy at 900 and 1000°C under
various stresses.
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Fig. 9. Creep rate-time curves of NW13 and

NWI17 at 1000°C-1.5kgf/mm? and at 900°C-

4 and 6 kgf/mm?,
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JBEAR %A Photo. 5 1iR$. WFhDBEEZHIC T

Photo. 5. Optical microstructures of NW17 aged
at 900°C for 100h(a) and 300h(b).

a :NW17, ¢t,=413h b : 20W, ¢,=267h
Photo. 6. Reflective electron images of NW17 and
20W crept at 900°C-4kgf/mm?, showing a difference
of the morphology of precipitates at the grain
boundaries.
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oo Rete HERO AR X BRI HEL 7 Y -7
o bt UTHERRIETEThS L im S 1
A.

4. 15 =

Ni-Cr-W RZ&&0 7 V) — 7 Hiko R LB 1aiE 4
EFELLTD Nb DR SL 0, 4fEEHD Ni-
20Cr-Nb-W %“& &% AT 900 KX 1000°C & iF
%7y —7EEYTEN, TR ATHEOEEROMIE
L 7 ) — 7 L OBIRE BRI LT, LTOMRE
8.

(1) Ni-20Cr-4Nb-10W (NW10) & Ni-20Cr-
3Nb-13W &4 (NWI13) 0 7 v — 7BHHE xR
BETHLMN, 900°C EREMAUTIITED 7)) — 7K
PurkEmL, ¥i, BMIEMHRIZEL LTS,

W&4 L 1000°C Tk v ¥iH, 900°C Tk B #H
DT B 2Y, NWIS iR R o R i3 2 0 it
L, NWI0 ¥\ Cixamfif ok e, o 100h
D LRATY Fe v AT » 7 VIRESBCHTHT
5.

cheDZ L X, NWI0 kW TiED bh b 900°C,
EMETo 7V — FEHOMME 8 HOKANTHIT
IALDThHHA, ORARHTEhOBERORRE
PIRHET D I OWETIEMS: A E L S IeD b0 LR
Xh. i, WA\ R 5 2EO M
AT AEAE, ¢t BRIV Th o2 ) —FEH
wRIETHREYPRCTECE 5 LEm L.

(2) Ni-20Cr-3Nb-13W 5&0WER K 17wty
FCHIMEESE, WThoBER T L HEETRER,
7y —FIEHUTE A EL, ZOBHRIELIMTE
QA& <, 900°C Tyt Ni-20Cr-20W £4% LEdb
%70 — 7R I AR,

(3) W% 17wty FCHINT% & 1000°C TiX a,
MW L, 900°C i -3 B M ERE TR
HWLEHE, ThboRTOREZEDL LI, HHWIL
ChEES X5 a; HAHTHT 5.

(4) (2), (3)Xb, WEOBIMCH 5 REERHIT
D 7Y —FEMHOR R 1000°C T a, fH, 900°C
Tk B RO a, MM X 2R FEFTHBILTERL, <
D X 5 AT BRI 0D R 7 B B O FC X B R R T
itz 7 v — I o B ke L TEE L TETH
HL¥ERING.

AP MR A B AGEHREM A O B eT X 1T
bhll E MR L THEBEYRLET.
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