A

3

6-1526 - EA 4 OBMGSINT I b UCERY 7 ) — PRt 517

16-15:6 B &GN T/ b oNicghiy 7 v — SR

(mﬂﬁﬂcseéﬁﬁﬁiaUtwgimwmuour—nn
FAES - HrRET - - AR

Hot-Cold Work aﬁd Bending ‘Creep Property of 16-15-6 Type Alloys.

(On the function of nitrogen as . an alloying element in

heat-resisting mater:ié.ls——III)

o Masazs -Okamoto, Dy Eng., Ryohei-Tanaka, -Akira Sato aud Takeo Ishizuka

_ Synopsis:

This study covers the hardening accompanied by hot-cold working and bending creep -
property of low Ni Timken 1_60r—15Ni—6Mo(—7'5Mn) type alloys. Main results obtained were

as follows:

(1) For this type alloys; in general, the hardness became considerably higher by hot-cold
working than by cold working,and the trend became significant with increasing content of N
and C. From the above results, it was concluded that the precipitation of nitrides or carbi-
des probably occurred duringthe hot-cold working.of the alloys and the hardening accompanied
by. the precipitation superimposed on the work hardening.

(2) The hot-cold worked specimens maintained the higher hardness than the solution

_ treated one even after the aging at 700°C for 500h. The working, however, seemed to be
effective only when the alloys were used at temperatures below 700°C, since it accelerated
the aging and resulted in rapid softening at 700°C. .

(3) In the hot-cold rolled state, the hardness distribution of the specimens became hete-
rogeneous and the hardness in the outer layer was considerably higher than that in inner
one, and this,_trends maintained still after aging at 700°C for 500h.

(4) Bending creep property at 700°C of the alloys subjected to 209 hot-cold working by
rolling was improved remarkably with the content of N added. In the range of Ni content
from 13 to 179%, the alloy containing 15% Ni was superior in the property, though the effect
of Ni content was not remarkably, while addition of carbon reduced the toughness of the
alloys rupturing in comparatively short testing time. In the range of the present experiment,
the 16-15-6 type alloy was considerably superior to the standard Timken 16-25-6 alloy, and
the hot-cold working of each alloy improved the bending creep property significantly.
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Table 1. Charge composition (%) of alloys used.

Mark Cr Ni Mn Mo C* f N*

No 160 150 “7%5 « 6°0 0 (0-05) i 0 (0-01)

N1 160 150, 7*5 6°0 0 (0°06) 01

N2 160 150 - 7°5. 670 0 (0'05) 002

N3 16+0 15°0 | ' 745 6°0 0 (0°05) L 0°3(>0°"25)

N 4 16°0 15°0 7°5 6°0 0 (0°05) 04

Ni 13 16°0 130 75 6°0 0 (0-05) [ 0°3(>022)

Ni 14 16°0 14°0. | 775 60 0 (0°04) - | 03

Ni 16 16°0 16°0 v 7*5 6°0 0 (0°04) I 03

Ni 17 16°0 17°0 “ 75 60 0 (0°04) © o 0'3(>0°24)

Cc10 16°0 15°0 ,’_ 75 6°0 0-10(0*11) | 03

Cis 16°0 15°0 i 7*5 6°0 0+15(0*16) l 0-3
Timken 16-25-6 160 25+0 f 1+0 6°0 0 (0°05) | 015

* The figures appearing in parentheses show those by chemical analysis.
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*Testing temperature: 700°C, load: 16kg.
Alloy Time (h) Alloy Time (h)
NOo . . : " 9°0 . Nil3 . . H6°5 -
N1 14°5 Nil4 . 785
N2 40°0 Nils 93°0
N 3 93°0 Nilé 62°0
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Timken 16-25-6 Bt 15 cio - 43*5h, 4*1mim rupture
(not hot-cold worked) 7 Ci15 40°0h, 4°'2mm rupture
Nilz . - . - 375 e I
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— 3] ==



522 gk & W A5 E FE S B

—IRRERNENREE DRV B A L<HEXIHS. -
N# 0'3% W—%E LT Ni 13~17% OETIE 15%
Ni B3 <h, ThX) NI 288 T3F<EL<T
Do) — FEEEMAT 528, Ni BORSENEEI
WBETREVY. —F, Colmizs v — SEErdoL
SBPLTE3HLU B LR EL, HLWERRNT
Wi 5L 51k d, Ll OEROHATHIARSE
EIWTNHEEHED Timken 16-25-6 44 X D i
D&V, : L .
% DITEES, EFS o A 2FE L TEV RS
By ofFEicEtomEzR®LEYT. | - o
: T S s " .
1) G. T. Harris and W. H. Bailey: High
Terﬁperature Steels for Gas Turbins, . Sp.
qu. No.43! July, 1952, p. 60 -

2) ®H, kI, EH: BAHEHSE 43 @EHMEL
SMBAE, (1952), 182

3) C. L. Clark, M. Fleischmann and J. W.
Freeman: T. ASM, 44 (1952), 89

4) M. Fleischmann: Iron Age, 170 (1952),
No.21, Nov. 20, 123

5) HEF: £k 248, 38 (1952), 41, 43 (1957), 713
6) BB/, %A, W g, 41 (1955), 1112,

43 (1957), 1013 :

7) BAIN, #E, T X, 42 (1956), 44,
116, 573, 43 (1957), 812, 1127

8) ksk: HELSHZESE, 17 (1953), 492

9) Eft, HA: HAXLEELIE, 16 (1952), A-172
10) W. E. Ellis and M. Fleischmann: T. ASM,
-~ 46 (1954), 1039 '

M252 DRIRIIHIE i 35 & 13 3 S0LTE 0 B
(Ni EfBASCET 5 HE—IID) |
=3I S

Effect of Heat Treatment on Mechanical Properties of M252.
(Studies on nickel-base heat-resisting alloys—III)
Taro Hasegawa

Synopsis: ) ‘ . _

The optimdim temperature of solution-treatment to get high stress-rupture life is 1065°C.
Solution-treatment at temperature higher than 1065°C causes grain coarsening and overaging
during long-time testing, and decreases the resistance of creep rupture.

Specimens solution-treated at 1065°C have superior creep rupture life to the specimens
solution-treated and aged at 750°C. ‘But the life of stress-rupture testing of the former be-
comes inferior to the latter in longer testing time.

The stress-rupture strength at 750°C of specimens heat-treated by H, which contains aging
of 24 hours at 840°C, 16 hours at 760°C and 16 hours at 816°C is superior to other heat trea-
tment. But at 816°C stress-rupture strength of specimens heat-treated by H is inferior to
other heat treatment, because at higher testing temperature, heat treatment H causes overa-
ging during stress-rupture testing. :

The heat treatment B which contains water cooling after solution-treatment gives higher
short-time tensile strength and stress-rupture strength than other heat treatment. This
forms a contrast to Nimonic 80A on the effect of heat treatment.

I & Bl

AIE T Ni-Cr RHZEAE€OHREL LT Nimonic * IBW32F 4 B, AICAXSEB AR TRE

80A DEMEINEINTE LETHAHEOEE T2 WD ¥ ERSBITEGAQE RN

— 32 —

o



