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Partition of Alloying Elements between Phases and the Relation
between the Amount of § Ferrite and Magnetic 'Property‘

for Cr-Ni Stainless Steels,

Yasuo OTOGURO, Yoshikuni KAWABE and Ryitichi NAKAGAWA

Synopsis:

Properties of § ferrite in Cr-Ni stainless steels and its microstructural change during aging
are influenced by the composition of § ferrite.

Therefore it is very important to examine the composmon of ¢ ferrite in studymg the
effect of § ferrite on the properties of Cr-Ni stainless steels. :

This report is concerned with an analysis of phases in Cr-Ni stainless steels using the
electron probe X—ray microanalyzer. Comparison of measured values with chemically analy-
tical values, and correction of measured values were made. Partition of alloying elements
between phases and the effect of an additional element on the composition of ¢ phase were
©  investigated. :

The studies were also extended to an investigation of the relatlon between the amount of
o ferrite and the intensity of magnetization.

The following results were obtained:

i) The concentration of an austenite-former was higher in austenite than in § ferrite.

The ratio of the concentration of an austenite-former in austenite to that in § ferrite was
the greater, the higher the potency of the austenite-former. ‘The concentration of a ferrite-
former was higher in § ferrite than in austenite but there was no relation between the
partition ratio '(CB/CT) and the potency of a ferrite-former.

ii) Addition of Ti, Mo and Mn to the steels greatly promoted the formation of ¢ phase
from & ferrite. Mo and Ti decreased considerably the concentration of Cr in ¢ phase but it
seemed that Mn decreased it slightly.

iii) A linear relation between the amount of § ferrite and the intensity of magnetization

- was observed. The amount of martensite could be estimated from the change in the intensity
of magnetization after subzero treatment of specimens with a ‘structure consisting of auste-
nite, martensite and ¢ ferrite. The amount of martensite was decreased but that of austenite
was increased with an increasing temperature of solution treatment. (Received 3 Dec. 1962) -
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Table 1. Chemical analysis of main components

of specimens tested.

. . Additional
Specimens | Ni(2p) Cr (%) element (%)
S 1 410 | 16°55
S72 5011 16°11
S 3 591 16°94
Mn 1 4°31 17°81 : 201
Mn 2 - 4°23 |- 1726 | Mn 417
Mn 3 403 17°85 666
C1 402 16°89 0°83
C2 4405 16°88 | Cu 2440
C3 3°94 18°13 3°58
N5 4018 1689 007
N 6 3+68 18733 N 011
N 7 4+28 18+47 0°21
N g 4*10 | 1834 0°27
- Mit 11°67 1776 418
Mi2 12°20 17°25 | Mo 5+07
Mi3 11°95 | 16773 6°22
A7 1167 17°52 1°49
A s 1194 17°46 | Al 1+91
A9 12°03 17+48 1 2037
T22 11°83 17°64 220
To23 12°21 | 1771 | Ti 272
T24 11017 | 1768 | 3+01
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Table 2. Analy51s of 6 phase and 7 phase in Cr-Ni stamless
steels as solution treated. ,
Specimens Miz o T22 C1 Ao ' " Mn3
Soln. Temp.(°C) 1100 1250 1100 | - 1250 1100 1250 1100 1250 1100 1250
(%) | 71 88 | 60 67 | 2°3 | 3°1 701 83 | 24 35
(%) | 11°1 118 10°2 10°0 3+7 3'8 10°2 10°2 | 39 4*5
Nj Cm (%) 10°9 11°5 10*0 9°6 36 3*5 98 9+6 36 40
; Ci(%) | 122 | 12°2 | 118 | 11*8 | 4°0 4°0 12°0 | 12°0 | 4°0 40
Cm/Ca 0°90 0°94 0+85 0°8 088 | 0°87 082 080 0°89 1*00
é (%) 22°4 20°8 23°9 22*3 22*5 203 21°8 19°5 233 19°4
7 (%) | 184 18°0 19+0 18°1 18°5 17°9 17°9 17°4 186 167
Cr Cm (%) 186 18*3 19°0 18°7 190 19°0 18°4 1871 19°6 180
, Ca(%) 17°3 17°3 17°6 17°6 16°9 16°9 17*5 17°5 7°9 17°9
_ Cim/Ca 1°08 1°06 1°08 1°06 1°12 1°12 1°05 1°03 1*10 1°01
i Mo Ti Cu Al Mn
. 0 (%) | 6°6 52 27 2'5 0°86 0°97 3°2 3°0 82 86
. 1 (%) 44 4°2 24 2°0 1°05 1°09 30 2°8 91 89
égg;zfglal Cm (%)| 4°5 4°3 244 2:2 1+03 1°04 | 3%0 2'9 89 8°8
Ce(%) | 5°1 51 242 2°2 0°83 0°83 24 24 6°7 6°7
Cm/Ca 0°89 O_'85 110 0°99 1°24 1*25 127 1°21 134 1°32
Cu @ mean value Ca chemically analytical value
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Fig. 1. Relation between measured value by Fig. 2. Relation between measured value by

E.P.M.A. and chemically analytical value
with Ni content of the steels used in
_ the experiment. '
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Table 3. Compafison of measured value with corrected value.

: Ni Cr - Additional element
Specimens | Phase ~ e ’
’ C(%) |Co(%) | 4C/C | C(%) | Co(%) | 4C/C C (%) | Co(%) | 4AC/C
‘ 5 71 8'3 | 017 | 224 | 22°3 |—0-005 66 | 73 | o-11
Mi2 ro | 11t | 1209 | 017 | 1844 | 18°3 |—0r007 | MO 44 | 49 | o011
Ton. 3 6°0 | 76 | 0°26 | 239 | 24*3 | 0°015 Ti 27 2°8 | 07024
r 10°2 | 12°8 | 0°25 | 19°0 | 19°3 | 0013 | 204 | 25 | 0-026
o 8 23 | 29 | 027 | 2205 | 2206 | 07008 | 086 | 106 | 0°23
: r 37 | 47 | 027 | 185 | 186 | 0-004 1°05 | 1°29 | 0°22
Ao & | 71 g9 | 026 | 2108 | 2221 | 0012 32 | 52 | 03
r 10°2 | 12'8 | 0°25 | 179 | 18°1 | 0011 300 | 49 | 064
b 204 | 209 | 0°18 | 23°3 | 23'2 |—0-005 82 | 89 | 008
Mn 3 r 39 | 46 | 0°18 | 18'6 | 18'5 |—0-005 | M=n 91 o8 | 008

C: Measured value Co: Corrected value 4C=Co-C : Correction
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Fig. 3. Partition of alloying elements between
o ferrite and austenite.
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Table 4. Analysis of ¢ phase formed from 5—ferrité. (%)

Specimens Heat treat. Phase Ni , Cr Additional element
1100°C X 1h—W.Q. v 66 26°5 12+1
Mi3 750°C X500h ->W.Q. e 12°5 196 Mo 4°5
1100°C X  1h->W.Q. 0 6°6 236 9
1100°C X 1h->W.Q. o - 4*9 28°2 62
T24 750°C X 1000h -»W.Q. 7 107 16°9 Ti 30
1100°C X . 1h—>W.Q. ) 66 237 " 3°3
1100°C X 1h—>W.Q. ¢ 6°2 27°3 249
As 750°C X 1000h -W.Q. 7 98 186 Al 1°5
1100°C X 1h—>W.Q. F} o8 231 20
1200°C X 1h—>W.Q. c 1°9 34°7 —
S2 7 43 18°4 nil —
750°C X 1000h —-W.Q. 0 1°9 25°0 —
1200°C' X 1h—>W.Q. R 18 3472 51
Mn 2 ' 750°C X 1000h >W.Q. 7 45 181 Mn 5+7
1150°C X 1h—W.Q. s 2°8 21°8 52
1150°C X 1h—-W.Q. o 1°8 315 84
Mn 3 750°C X 1000h -W.Q. 7 3°8 17°9 Mn 92
1150°C X 1h—>W.Q. F] 2°8 22°0 , 83
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