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Aging of 16-15-6 Type Alloys.

(On the function of nitrogen as an alloying element in
heat-resisting materials—II)

Masazo Okamoto, Dv. Eng., Ryohei Tanaka.

Akira Sato, and Takeo Ishizuka

Synopsis:

Effect of N, Ni and C content on aging characteristics of the low Ni Timken 16 Cr-15 Ni
—6 Mo (—7-5Mn) type alloys was studied by measurements of differential dilatation, hard-
ness, and microstructure. The results were summerized as follows: (1) Maximum amount.
of N addition was limited at about 0°39%, above which sound specimens of the alloys could
not be produced by melting and casting in air. (2) Two stages of contraction in differential
dilatation due to the precipitation were observed at 500~600°C and above 800°C during tem-
pering of the solution-treated alloys irrespective of both the composition and the hot-cold
working. It seems that the later contraction was due to the precipitation of nitrides and
carbides, especially a large contraction being observed at above 750°C in the carbon contain-
ing alloys. (3) In all of the solution-treated (1200°C 1h, water-quenched) alloys, hot-cold
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worked ones, and subsequently aged ones at 700°C, the hardness increased with increasing
amount of nitrogen addition. Effect of Ni ranging from 13 to 17% on the aging characteris-
tics was not significant, and addition of carbon up to 0°15% promoted the age-hardening but
resulted in rapid softening in prolonged heating. (4) X-ray analysis of precipitants in very
slowly cooled alloys showed only the formation of the sigma phase, no evidence of other
precipitants being found out. Considering both the dilatometric behavior and the microscopic
appearance, the rapid hardening in early period of the aging may be attributed to the pre-
cipitation of carbides, and the comparatively slow hardening may be due to both the precipi-

tation of the sigma phase and nitrides.
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Table 1. Charge composition (%) of alloys used.

Mark ' Cr Ni Mn ! Mo C* N*

NoO 16°0 ; 15°0 745 6°0 i 0 (0:05) 0+0 (0+01)

Nt C 160 : 150 75 60 . O (0+06) 01

N2 : 16°0 ! 150 7°5 6°0 0 (0+05) 02

N 3 160 150 7°5 : 6°0 0] (0°05) : 03 (>0°25)

N 4 ‘ 160 ; 150 75 ; 60 0 (0c-05) : 04

Ni 13 : 1670 : 1340 7°5 ‘ 60 0 (0°05) | 0°3 (>0°22)

Ni 14 ; 16°0 . 140 7+5 6°0 0 (0r04) | 03 .

Ni 16 : 160 16°0 7°5 60 0 (0*04) | 0°-3

Ni 17 160 17+0Q 75 60 0 (0-04) 0'3 (>0-24)

Cic 160 150 7°5 6°0 0*10 (0°11) | 0°3

Cis 16*0 i 150 7°5 60 0*15 (0*16) . 0°3
Timken 16-25-6 ~ 16°0 | 250 1°0 60 10 (0-08) | 0°15

* The figures appearing in parentheses show those by chemical analysis.
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Fig. 6. Spectrometer recording, using cobalt radiation, of
precipitated particles from 16-15-6 type alloy N3 slowly
cooled from 1050°C followed by holding for 100h at 900°,
800°, 700°C and 500°C respectively. Interplaner spacings
are written in the above reflection on the chart.

ThHhBZLEBAL,T, Thisic
Lz Eh SoIMT E A KR
DHEIL .

ZD XS Xpcebing Rois

Table 2. Comparison between the interplaner spacings of ¢ phase reported in
published literatures and that of 16-15-6 alloy observed by present authors. -

Fe-Cr-Mol® Fe-Cr-Mo-Nil® 16-15-6 alloy N3*
(30-30-40) (38-30-16-16) observed by present authors
d (A) Intensity d (A Intensity d (4) iIntensity relative to the strongest peak
2°73 vw — — —
2+66 VW 2°61 VW — —
—_— —_ 2°53 VW — —
246 m 2-47 vw -
2+37 m 2+41 mw 237 0-39
2432 w 2°32 m 2*25 0°30
2+26 w 2°23 VVW 2*19 0-44
2+125 s 216 s 2+11 1°C0
2°115 m 2+10 m 2+09 0°31
2-102 m 208 VVW — —
2°048 m 2°06 ms 2:05 0-32
2008 s 2+01 s 2402 0°50
— — 1°98 VVW —
1+960 m 1-96 Vs 1-99 0-34
— —_ 194 VVW _— —
1°913 w 1+32 S 1+94 0-27
1-832 w 1-87 m —_ —
—_ — 179 m _— i —
VvV s: very strong m : medium VW : very weak
S : strong mw: medium to weak v vm: very very weak
m s : medium to strong w ; weak

* The alloy N3 was heat-treated in the same manner as sample of Photo. 2.
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Effect of Ti and Al etc. on Mechanical Properties
of Nimonic 80A

(Studies on nickel-base heat-resisting alloys—VI)

L=

Taro Hasegawa

Synopsis:

Effects of Ti, Al and gas content on stress-rupture characteristics at 750°C and 26°8kg/ mm?
were investigated.

Stress-rupture life increased with an increase of Ti+ Al atmo, containing below 2°99, Tiand
1+449, Al. ‘

Elongation after stress-rupture was small and the effect of Ti and Alcontent on it was not clear.

Stress-rupture life depends not only on the amount of Ti and Al but also on the amount
of nitrogen and oxygen or hydrogen, which arises from the melting procedure and content of
raw materials. As in the case of an increase of the amount of gas content causes the dec-
rease of stress-rupture life remarkably, so the material vacuum-melted or the material
which is air-melted after vacuum-melting have more stress-rupture life than the material
air-melted from fresh raw material. As the fact that the increase of gas content causes
much precipitate around grain boundary, and tends to soften the material during stress-rup-
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