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Effects of Tungsten on High Temperature Creep Properties
of 17Cr-14Ni Steel

Takashi MATsUuO, Guan GAO, Yoshihiro KONDO and Ryokei TANAKA

Synopsis:

Creep behavior of carbon free 17Cr—14Ni austenitic steels containing tungsten up to twelve per cent
has been studied in relation to precipitation processes of x and Laves phases.

Decrease in minimum creep rate with the addition of up to about three per cent tungsten was attributed
to the solid solution strengthening due to tungsten. On the other hand, in the case of steels with more
than five per cent tungsten, the remarkable decrease in minimum creep rate was found with increase in
tungsten content, and intergranular precipitation of g phase (Fe,W;) was also observed. Then it has been
concluded that the intergranular precipitation of 4 phase plays an important role in high temperature creep

resistance of austenitic heat resisting steels containing tungsten.
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Table 1. Chemical composition

(wt%) and heat treatment of steels studied.

Steel C Si Mn P S Cr Ni w Heat treatment
1714 0. 008 0.34 1.26 0.003 0. 006 17. 68 14.80 — }
2W | 0008 | 0.2 | 13 | 0004 | 0006 | 1699 | 1403 | 159 1150C x1b—~W.Q.
3W 0. 009 0.37 1.50 0.004 0. 007 13. 85 13.97 2,67
5W | o.011 0.45 160 | 0007 | 0.008 16.74 13,77 | 475 } 1200C x1b—-W.Q.
TW 0.010 0.52 1.58 0.009 0.010 17.06 13.89 7.09 1200C x3h—W.Q. :
12w 0.011 0.42 1.49 0.013 0.014 16.16 13.36 | 11.57 1250°C X 11h+1 150C x 3h—W.Q.
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Time to rupture (h) 14Ni steels with various tungsten content.
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Fig. 2. Effect of tungsten content on time to rup-
ture of the 17Cr-14Ni steels at 700°C-12 and
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Fig. 3. Stress-minimum creep rate curves of the
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Fig. 4. Effect of tungsten content on minimum
creep rate of the 17Cr-14Ni steels at 700°C-12
and 20 kgf/mma2.
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ha.
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(a) 5W, t,=1.4h (b) 7W, £,=5.7h (c) 12W, t,=4i.3h
Photo. 1. Optical microstructures of 5W, 7W and 12W crept at 700°C-20 kgf/mma?.

(a) 5W, t,=71.3h (b) 7W, t,=537.5h (c) 12w, ¢,=1572h
Photo. 2. Optical microstructures of 5W, 7W, and 12W crept at 700°C-12 kgf/mm?2.

(a) 5W, t,=1.4h, o—20kgf/mm? (b) 7W, t,=5.7h, ¢=20kegf/mum? (¢) 12W, t,=6.1h, ¢—25kgf/mm?
=1

(d) 5W, t,—1396h, o—8kgf/mm? (e) 7W, £,—2282h, o 10kgf/mm? (f) 12w, 572h, o- 12kgf/mm?

Photo. 3. Reflective electron images by SEM, showing the variations in microstructures with
tungsten content and creep testing time for 17Cr-14Ni steels.
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Table 2. Comparison of X-ray diffraction data of precipitates extracted from 5W, 7W and 12W. v

5 W (4 =1396h) 7 W (t,=2282h) 12 W (tr=1572h) 4 (FesWq )11 Laves (FeaW) * e
d Il d Ul d 72 d /1o d Ul d Ul
2.994 30 2, 881 10 2,887 10 2.88 20
2.562 50 2,547 10 2,54 2 2.8 80
2,379 100 | 2378 100 2,376 0 2,38 100
2,293 20 2.291 20 2,288 10 2.29 20 2.36 100
2,205 100 2,261 10
2,194 2 2,102 80 2 189 100 2.19 80 218 100
2,142 © 2,140 50 2,164 50 2.15 60
2.129 50 2,128 100
2,080 80 2,079 50 2.09 80
: 2 048 w0 2.06 60 205 % 2,063 0
2,034 60 2,031 80 2,030 50 2,04 80
1.994 50 1.994 0 2.01 100 2.015 60
1,982 60 1.972 20 198 100
1. 940 20 1.941 30 1.948 10 1.96 60 1.964
1. 894 10 1.894 20 1.875 10 1.92 60 1.92 60 1.928 100
1.877 80

* : Representative ASTM Card, 3-0920
** : Representative ASTM Card, 5-0708
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Photo, 4. Transmission electron
micrograph of precipitates and
selected diffraction pattern of
platelike precipitate observed at the
grain boundary of 7W after creep
rupture test at 700°C-12kgf/mma?.
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bbb,

3-4 TCP HOWHICHS /U —-TEROE(L
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Photo.5. STEM image and X-ray mapping image
(W-K,) of 12W after creep rupture test at 700
°C-12kgf/mm? (¢,=1572h).

N 700°C
N H+O M+0'sLaves
‘°\? 12W = o e o
210 —
= M {at grain boundary) &g‘;ﬁ}’:ﬁ (within
e ——
o -]
Ol 5W
S °
z R ——o—
° o
o o f °
0 o4 oo o7z 050
L 10, 2% *00 1000

Time to rupture (h)

Fig. 5. Variation in precipitates and their mor-
phology with tungsten content and testing time at
700°C (O : 7 single phase,  : intergranular pre-
cipitates, and @ : inter-and intragranular precipi-
tates). y @ Specimens in which ¢ phase was ob-
served.
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Fig. 6. Creep rate-testing time curves of 5W,
7W and 12W at 700°C-20 kgf/mm?.
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Fig. 7. Creep rate-testing time curves of 5W, 7W
and 12W at 700°C-12 kgf/mma2.
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Fig. 8. Change in creep rate-testing time curves
with the applied stress of 5W and 7W.
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Fig. 9. Estimation for the strengthening effect due
to the precipitation of ¢ phase on creep resistance
at various stress levels.
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ST, p AOBRH B L5 7 ) — FEEDRAS
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Fig. 10. Change in rupture elongation of 5W,
7W, and 12W with time to rupture at 700°C.
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(1) JREEFEMDO 17Cr-14Ni S WhH 12wty
FCHRINT 5 &, 700°C v 7 ) — 7P 2 I E
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T
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(3) WESREO Twt% HmmLicor ) —7EE
—BEREHSEICITRER 7 ) TR D7) — S K
BEORYOBEINEL, HBERER 7 Y - 7HRARD
bhan. L, BHMETTAE ¢ HORAETHK
HOT7 ) —7THEEIRELSEIL, EEBIZLALY
BdBNLfeh. Fi, Wi Twty HmmLc#cix
WottA, BIE—ED 7Y —THEERRLIHE, Laves
HOFBCESTHE 7 ) — 7EEBEOBAITHZ LAH
5.
(4) pr HORFRFTHIZ X » BIRTEEM A B35 2%,
Laves #HORWHTHILE T DEME T2 HE L.

(5) LlEo#RIy, REEHRMD 17Cr-14Ni R
W% 5wty LI EmmMLT 2 Y — 7\ R EL AR
T, p HOBRHHRLRY Laves HORPIH
Hifbic R L, BiEORRIE SITKEL .
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