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State Analysis for Cr-rich (bece) Phase and Carbides in High Chromium

Nickel Base Austenitic Alloys

Atsushi CHINO, Hideo IWATA and Naotsugu Y AMANOUCHI

Synopsis :

A method of state analysis for @’ phase and carbides in high chromium nickel base austenitic alloy has
been established. And then, precipitation behavior of the a” phase and carbides and the effect of a” phase
on the property of this alloy were investigated by using this method.

The results obtained are summarized as follows.

(1) The o’ phase and carbides are quantitatively extracted by potentiostatic electrolysis in 10%HCI-

methanol electrolyte.
(2) Only the o’
treatment.

phase in the above mentioned precipitates is dissolved by (1+5)HCI dissolution
Consequently, the amount and composition of the o’ phase and carbides can be determined by

analysis of this solution and the residues of this treatment, respectively.
(3) The a’ phase was bee chromium phase replaced by a small amount of Mo, Fe and Ni.
(4) In the case of alloys aged for 3000 h at various temperature, the precipitation of the ¢’ phase was

found at aging temperature from 923 K to 1 073 K.

(5) The creep rupture strength was improved by the uniform precipitation of intragranular ¢’ phase.
Key words : state analysis; a’ phase ; carbide ; high chromium nickel base austenitic alloys; potentiostatic

electrolysis ; 10%HCl-methanol ;
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Table 1. Chemical composition and heat treatment condition of samples.

Chemical composition (wt% )
Sample
C Si Mn P S Ni Cr Mo Ti Zr Al N
A 0.058 0.27 0.20 0.001 0.0007 50.99 30.52 2.11 .18 0.027 0.14 0.0016
JSS-102 0.060 0.52 0.41 0.21 0.005 0.12 16.5 0.005 0.002 - 0.008 0.009
JSS-211-1B 0.069 0.005 0.005 0.004 0.005 — 8.24 — — - 0.009 0.0023

Heat treatment condition

A-1:1180°C 0.5h W.Q.—~500°C 3000h A.Q. A-6:1180°C 0.5h W.Q.—~800°C 3000h A. Q.
A-2:1180°C 0.5h W.Q.—600°C 3000h A.Q. A-7:1 8()°C 0.5h W.Q.—~900°C 3000h A. Q.
A-3:1180°C 0.5h W.Q.—650°C 3000h A.Q. JSS-102:1100°C 2h W. Q—’7OO C20hW.Q.
A-4:1180°C 0.5h W.Q.—700°C 3000h A.Q. JSS-211-1B:1050°C 2h W.Q.—750°C 25h W. Q.
A-5:1180°C 0.5h W. Q.—750°C 3000h A. Q.

Photo. 1. Optical micrographs of samples aged at 500~900°C for 3 000 h.
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Fig. 1. Potential-current density curves of matrix

and influence of potential on extraction of residues.
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Fig. 2. X-ray diffraction pattern of residues
extracted by 10%AA and 10%HCI electrolysis.
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Fig. 3. Potential-current density curves of matrix
and e’ phase.
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Fig. 4. Influence of time of (1+5)HCI treatment
on the decomposition of residues.
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Fig. 5. X-ray diffraction pattern of residues
before and after (1 + 5) HCI treatment (Sample :
A-3).
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Fig. 6. Influence of time of (1+5)HCI treatment

on the decomposition of carbides extracted from
JSS samples by 10%HCI electrolysis.

Table 2. The reproducibility of électrolytic extraction.

Sample The amount of residues (wt% ) z 61 C.V.(%)
A-3 10.71 10.49 10.91 10.28 10.56 0.252 2.39
A-4 9.43 9.65 9.39 9.06 9.37 0.212 2.26
A-6 6.48 6.34 6.05 6.57 6.34 0.203 3.20
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Fig. 7. Analytical procedure for e’ phase and carbides in nickel alloys

containing high content of chromium.
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Table 3. The analytical precision for the composi-
tion of a” phase.

Element Determined value (wt% ) x 61 | C.V.(%)

Cr 95.84 95.77 95.88 95.96 | 95.863 | 0.079 0.08
Mo 2.22 230 2.22 2.17 | 2.228| 0.054 2.42

Fe 1.59 1.58 1.55 1.53 1.563 | 0.028 1.76
Ni 0.35 0.35 0.34 0.34| 0.345{ 0.006 1.67
Sample : A-3
10

The amount of presipitates ( wt% )
wm
T

o

600 700 800 900

Aging temperature ( T )

Fig. 8. Influence of aging temperature on the
amount of a” phase and M,5Cs .
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Table 4. The analytical results of a’ phase.

Chemical composition (wt% )
Sample | Aging temp.
Cr Mo Fe Ni
A-3 650°C 95.86 2.23 1.56 0.35
A-4 700°C 95.45 2.32 1.81 0.42
A-5 750°C 94.33 2.62 2.34 0.71
A-6 800°C | 93.63 2.75 2.71 0.91

Table 5. The analytical results for residues after (1+5)HCI treatment.

Analytical results (wt% )
Sample Aging temp. MC (a::* Thfe ﬁm%mt
Cr Mo Ni Fe Ti Zr 2 oF Vasts

A-1 500°C tr. tr. tr. ir. 0.001 0.010 0 0

A-2 600°C 0.649 0.050 0.037 0.020 0.001 0.010 0.044 0.80
A-3 650°C 0.652 0.057 0.032 0.016 0.003 0.010 0.044 0.80
A-4 700°C 0.717 0.066 0.034 0.015 0.003 0.011 0.048 0.88
A-5 750°C 0.636 0.063 0.036 0.012 0.003 0.012 0.043 0.79
A-6 800°C 0.622 0.060 0.036 0.012 0.003 0.012 0.042 0.77
A-7 900°C 0.612 0.056 0.036 0.013 0.003 0.010 0.041 0.76

* . Cis calculated assuming that M is composed by Cr, Mo, Ni and Fe.
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Table 6. Chemical composition of samples.
Chemical composition (wt% )
Sample
C Si Mn P S Cr Mo Ti Zr Al N.

A 0.058 0.27 0.20 0.001 0.0007 50.99 30.52 2.11 0.18 0.027 0.14 0.0016

B 0.054 0.31 0.22 0.001 0.0008 55.73 24 .62 2.34 0.19 0.036 0.18 0.0021

C 0.004 0.32 0.22 0.001 0.0007 56.19 24.12 2.89 0.20 0.029 0.21 0.0022
Table 7. The amount of precipitates of 700°C CREEP TEST 600°C, 30kgt/mm?2 A

aged samples.

The amount of precipitates (wt% )
Sample .
a’ phase M33Cs C as My3Cs
A 7.5 0.77 0.041
B 0 0.86 0.045
C 0 0.04 0.002

* . C as My3Cs is calculated from the amount of M33Cs .

SHREREHCTUTORIKCLNDKDAHZ EHTE S,

Cr content in matrix (wt% )= {30.52—(8.4X

0.9545+0.717)1/(100—9.37* ) X 100=24.04
* . Total amount of residues
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Fig. 9. Creep curves at 600°C-30kgf/mm? for
samples aged at 700°C for 1000 h.
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