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Influence of Melting Atmosphere on Heat-Resisting Property
of 316 L Type Steels.

(On the function of nitrogen as an alloying element in

CEE R AR R

heat-resisting materials—V)

Masazo QOkamoto, Ryohei Tanaka and Akira Sato

Synopsis:

Interest has existed among high-temperature alloy producers in utilizing leaner alloys than
are currently used. Nitro‘gen—bearingaustenitic alloys offer possibilities in this respect.

An investigation has been made of the hot-strength potentialities of 316L type alloys mel-
ted in vacuum, in air or in nitrogen of two atmospheric pressure using an induction furnace.

It was presumed that the relation between the partial pressure of nitrogen in the melting
atmosphere and the nitrogen content. of these ingots deviates markedly from Sieverts’ law.

Comparing with air-melted and vacuum-melted steels, the nitrogen-meltéd steel showed higher

hardness and strength at room temperature in any states such as solution—quenched,.solution-
‘quenched followed by cold-working, or solution-quenched followed by - hot-cold working.
For the nitrogen-melted steel, significant resistance to recrystallization-softening and excellent
properties in both the high-temperature bending creep and tensile creep-rupture tests were
also found. On the other hand, vacuum-melted steel showed in a tensile creep-rupture test
longer life and larger elongation than those melted in air, although it had less hardness and
resistance to recrystallization-softening than air-melted one. ‘ ’
It was also investigated how the sort of raw chromium used in melting inﬂ.uenced on the
steel properties, and the bending creep property was found to be improved in the case of the
steel prepared from Thermit-process chromium than in the case of that from electrolytic

chromium.
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Table 1. Chemical analysis of chromium used for preparation of 316L type steels (2).

SR e = 7 n T ""_"‘“' = { ; = E 7
ﬁCr}Si‘iCEPis‘yFe Cuin!‘All'OgiNz H; | Mn
""'__“"‘“f"'"'"""’g"’ . T o N'i N R T A e T B
Electrolytic 699-34210-01010-015 tr | 0+015 011 | 0-005 0-02 | 0*008| 0+40 0°030| 0-008| —
chromium ; ! ] i k ;
Thermit . . | . | . 2 | - ‘l . _ — — 10
chromium 98°22 1 0 03550 052) 0°0L | tr jo 36: , 0°03 ! ’ 0-27
Table 2. Chemical composition of melted materials.
£ Raw Cr | Melting Chemical composition (%)
Mark | Geq | @tmos- . = ] ' Sol. [Insol, Total
‘ . phere | C | Si iMa| P | S | Cu| Ni| Cr |Mo ; SOl [Insol Tota
: ) , : [ ! ! N2 N2 | N2
N [Electroly- Nitrogen 0-017 0417 046 | 0-003 0-014 003 | 11+64 1589 177 0‘190!0‘008 0-198
‘ytic Cr (2 atm.) ‘ : ' j i |
, ' - - ; :
EV ” Vacuum 0°017 0713 | 0°26 - o-omﬁ 0°014 0°C9 }1 11°95| 16718 1°99 ;| 0008 0+005 0+013
EA & # | Air 10025 019 0-42 ! 0°002 0-016 0-07 §12-2o:15~92y2-12 0°027. 0°C0S| 0-032
I i : ; : ) i ! . £ § §
' i i : ‘ : !
TV T&‘ffm‘t Vacuum 0°015 0713 ' 0*15 | 01003 0007’ 0°10 . 11°87 16°25 197 | 0°016 0°007| 0°023
TA ” Air . 0°020 o-éog 0°38 : 0°003 0°007, 0°02 1210 16'18r2‘06é‘0'033 0-00450-037
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Table 3. Nitrogen content of the steels melted
due to nitrogen partial pressure in melting

atmosphere.

Mark |pm(atm)l p¥® | %N | K
EN 2 1°41 0198 014
EA 0-78 088" 0°032 | 0+036
EV 0°0013% 0+011t 0-013 i 1°18

* Vacuum melting was made under the
pressure of about 1X10~! mmHg.
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Table 4. Grain size of 316L type steels as
solutions quenched from 1150°CX 1h.

Mark ENlEVIEA Tv | TA

Grain size No. 4‘5' 4+*5 | 3°*5 4 35

SR X 0 HIC R <, BB Cr 1T X B REE
& QBB B sk, | |

(3) HiREERIEA |

Fig. 1 34 OBRKILIBEC X 2EEOELEZRL
FLOT, WFROE S 1150°C TIZIEEL BRI
TOBEIRSNT, 1200°C CHBALTHHILHE

X OREFREST 1 BEMPV. Lo L TEEBRM X

WEEEZ L LY. LA L TREEPHEEY EN X
1mexn1ﬁ%vaw1%ﬁL,Chﬁﬁﬁ%;
190f ‘\\|
T
x
S0
g150
Sl 7A
~
B - L |
10

100 150 1200 700 1150 1200
Quenching temperature- ()

Fig. 1. Effect of quenching temperature on
the hardness of 316L type steels.
(1150°C X 1h, water)
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Fig. 4. Effect of cold working and hot-cold
working by rolling on the hardness

of 316 L type steels.
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Fig. 11. Bending creep curves of 20% cold
rolled 316L type steels.
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steels 209 hot-cold rolled at 760°C. EX i :{’ég | 273

Testing temperature : 700°C, testing load : 11 kg
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type steels.
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Study on Influence of Heat Treatment and Ferrlte Involved upon
Creep Rupture Strength of Type 321 Stainless Steel.

(Study on type 321 stainless steel intended for high temperature
service such as for superheater and reheater tubes—I)

Mamorn INishihdra, Hiroshi Hirano,

- Shunji Yamamoto and Kiyoshi Yoshida

Synopsis:

Heat treatment of type 32! stainless steel tubes for high-temperature service must be
carried out based on the different standpoints from those for use in chemxcal industry.

The effects of heat treatment on its creep rupture strength of the 321 type stainless steel
were studied for such a use as given in this report. The excellent creep-rupture strength
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