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Effect of Workmg on Heat-Resisting Propertles
| of 316 L Type Steels and 16-15-6 Type Alloys.

(On the function of nitrogen as an alloying element

in heat-resisting materials—VIII)
Masazo Okamoto, Ryohei Tanaka, Akira Satd and Shigeru AOK.

Synops1s

This study was carrled out to clarify the effect of cold working and ‘‘hot- cold ”’ working
©on the heat-resisting’ properties of 316 L 17Cr-12Ni-2Mo steels and low-Ni Timken 16Cr-15Ni-
H6Mo(—7°5Mn) type alloys. Main results obtained were as follows:

‘(1)  With both steels containing about 0°2 or 0°39% nitrogen, remarkable increase in hard-

‘ness was obtained. by hot-cold working at 600°C or 700°C as well as by cold working. It’

was concluded that such hardening was caused by an action snmlar to strain- agmg in the
-deformed austenite phase supersaturated with nitrogen.

¢2) It was deduced from the microscopic observation of the worked steels that the de-
formation by the working at lower temperature occurred mainly within grains, while the
Zdeforma'uon at higher temperature as in the hot- co]d workmg occurred mainly on gram
boundaries.

(3) The lower the working temperature and the larger the reduction by workmg, the
.easier the softening occurred by heating of the worked steels. With the 16-15-6 type alloys,
however, the effect of Workmg condition on the softening due to the heating’ of the worked
alloys was not so great as the 316 L type one.

(4) In general the cold working deteriorated the bending creep propert1es at temperatures -

as high as 700°C- of the two steels containing nitrogen, and the hot-cold working also did
not improve their creep properties, while both of the workings improved appreciably the pro-
perties of the 16-15-6 type alloys not containing nitrogen, which showed in the solution-
quenched state little resistance to the bending creep under a definite testing condition of 700°C
and of 16kg-load. Under a given reduction by rolling, that is’ 20%, the hot-cold worked 16-
15-6 type alloys with or without nitrogen at 600°C or 700°C showed the larger resisting
-properties against the bending ‘creep at 700°C compared with those worked 4t the tempera-
tures higher or lowér than those temperatures.
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Table 1. Chemical composition of steels used.

Composition

! : . Sol. Insol.|Total
SiCuiNlliCr Mo N | N N

Melting
Type Marks | atmos- - .
phere C Si Mn P
Nitrogen s o Az .
316 L EN 2 atm 0*017, 0*17 | 046 | 0°003
type EV Vacuum | 0°017/ 0°13 | 0°26 | 0*004
yp EA Air 0+025| 0°19 { 042 | 0*002

0-014 0°03 | 11-64] 15 89‘1 v77 | 0+ 190" 0-008| 0198

0°014| 0°09 | 11-95| 16°18/ 1-99 0°008; 0°005; 0°013
0*0i6] 0°07 | 12°20 15°96 212 | O 027‘ 0*005! 0°032
. i

16-15-6 | N-0* | Air.. | — | — | — | —
type N-3* | Air —_ = = ] —

|-

{ i )
— . — | 150 l'
— ' — 1150 I | 03wk

* Charge composition. ** Value of total N centent by chemical analysis is 0°305%.
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