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On the Manufacture of High- Chromlum Steels in ngh Pressure N1trogen

Atmosphere and the Heat-Resisting Propertles of Type 316 L Steels

Synopsis:

Masazo OKAMOTO, Ryohez TANAKA
'Rokuro FunmoTto and- Takeshi- NAITO

An experimental study was made on the fundamental phenomena occuring in melting and
casting of various high-chromium steels in high-pressure nitrogen atmosphere and on the
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influence of nitrogen content on heat res1st1ng -properties of type 316L steels. It was con- ,
firmed that the solubility of nitrogen in the type 316L steel melted at about 1550°C in *ﬁ"
nitrogen atmosphere up to 10 atm obeys the Sieverts’ law, and was represented by the !
followmg equation:- ' i
%N = 0" 183(1)»1’;;)‘/2
The high-pressure melting was also carried out for such steels as 10~25%Cr-20%Ni-Fe
alloys, 17-4PH type stainless steels -containing 0°5%  or 3% of Si, 189 Cr-4%Ni- stainless
- steels, 189 Cr-8%Mn stainless steels, 229,Cr stainless - steels containing O or 29, of Ni and
-LCN-155 alloys, and the effects on 1ngot soundness of nitrogen contents, melting cond1t1ons,
castlng conditions and of the sort of the phase formed ° in process of solidification, were
discussed in detail. Further, it was confirmed that the n1trogen contained in these 1ngots
did not diffuse out from the steel unless it was heated to high temperatures in high vacuum.
It was observed also that the nitrogen raised the strength of type 316L steels at both room : ‘ .
- and high- temperatures, the ductility at ‘high temperatures dropped cons1derably and- h1gh ‘

B BETCIRERIT

temperature creep-rupture strength of the steels showed the maxunum at a nitrogen content

L 'of about 0°33%.
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Chemical compositions of the 316L type steels melted and cast in

high-pressure nitrogen atmosphere.

X ' Meltirig conditions Chemical composition 9
0. .
Nit ing ti . .

i roagter?1 pressure Holdlgi t;me c | Si Mn | Cr | Ni Mo |Total N
1 0t 15 . 0°008 | 0%40 | 0'96 | 17°33| 11*83| 2+08 | 0°026
2 10 15 - 0°005 | 0°39 | 0°99 | 17°30| 11°88| 2°14 | 0°101
55 - - 60 07003 | 0°37 | 0°95 | 17°66| 11°84| 1°97 | 0°182
3 B 10 0+008 ' 0°40 | 0°97 | 17°29 | 11°86 | 2°05 | 0°214"
35 40 30 0t006 | 0°31 | 0%°95 | 17°19 | 11°96| 2°06 | 0°329
57 60 - 0°004 | 0734 | 0°95 | 17°53 | 12°0L | 1*99 | 0°374
56 7°0 90 o-oos[ 035 { 095 f 1744 | 11°95 [ 1492 [ 0504

!

17 3 0t003 | 0°33 | 0°98 | 1627 | 11°92| 1°92 | 0°406
14 10 0004 | 0°38 | 0798 | 16°87 | 11°96 | 1°86 | 0°450
15 o 10 0°004 | 0°45 | 0°98 | 1693 | 11*80 | 194 | 0°461
16 10°0 10 0%004 | 0°38 | 0°97 | 18°43 | .11°57 | 1°88 | 07467
4 11 0°005 | 0%34 | 0°94 | 17°04 | 1168 | 2°09 | 0°483
18 30 0003 | 0°35 | 0%98 | 17°05| 11°91 | 1°79 | 0°544
54 60 0006 | ©0%35 | 094 | 17°31| '11°99 | 2°03. | 0°559
19%* 1000 30 0+003 o 55 | 1°01 | 16°81 | 1192 | 2°04 0°571

*  Added with 0°259, N by usmg Fe-Cr-N mother alloy.
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Comparison of observed and calculated

1n 316L type steels.

. ’ e . 3 %Ecalcd .
[7) 0, )

by, | (PN)Y? | %Nobsd. |%Neated- | _ % Nobsd-
1 1°000 0*182 0183 | 40001
4 2°000 | 0°374 0364 | —0°010
7 2646 | 0°504 0484 | —0°020
10 3°162 0*559 0°579 | +0+020

DR THITBRERFICNZ H 2 & LT LAaR &
TELMRE 755, £, rHREMGE LCRERTS
BT b T OBAMINERESERONIEE X b /hehh
SEAImELT
BE T 5388 T bR T sk L B FUS 24 L
TrHRRETS 2 EBEVOTH D2, HIRORR
TR b 7  BRNEEETEE L, R
EZNET LT D RRRIGEZRE T4 & TRA R RH O
FEBIATE DRI D, BEOHR L ) TELMIC D

HbotE25NS. LaLT, %*@N%%EHA'
SHRCED2TAELR Eéh,ﬁﬁ@%@ BRLE
k_@J:'DQ Cy fﬂ% .

SHRIC Lo TR 5.
-w@gaté#K%éa&5#m@&ﬁ%m%ﬁv;o
THWTELT 250 Th 5.

TRB DL LT oW TR EREEL M T B
b, 467 20% Ni-Fe &4 Cr % 10~25% OHiFE
TEHRMUT 4atm EFEHPT 30mn REFHEEHHEL, Mk
D Cr REE & NIREEW N & Ofdeth & OBfRE L5~
e B OBRICYOTIE Cr, Ni Ofic Bl &
‘Lrslowex;oan1mé%ﬁMLt.f%n%

DM D LFEHHTHEE Tmﬂesa;Tﬁ- Cr15~45%‘
DEEFH TIE Cr%

D¥INE Ehic N% HFU LM

L, »ORICRATMIE B,

values of saturated nitrogen solub1l1t1es )

10% Cr WInTlRES
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\Table 3. Results of eghe h1gh -pressuré melting in mtrogen atmosphere of
& ZO% Ni-Cr- Fe alloys :
-7 ‘ . : . . ‘pe o
No oAfmé):nt, . Melting o B Chemical compos1t;on‘ % S;)L}n dness
added 9 ~~ condit ong C Si Mn | Cr | Ni [Total N|° ‘ 1ngot
Held at 1550°C in 4 atm : . ' . . v
30 10 o 0°006 028 094 977 1979 0°153 Porous
32 {5 | mitrogen a“nQSpheretﬁor 07003 | 0°38 | 0°97 | 1447 | 20711 | 0°230 | Sound.
33 20 30mn, followed by cas ”1% 0°003 | 0°33 | 0798 |19°90 | 19+94| 0355 | 7
34 25 at the same pressure of | .053 | .33 | 0e90 | 24°40 | 20700 | 0-486 ”
nitrogen. : i
Held at 1550°C in 4 atm
) ) nitrogén atmosphere for- ' .
31 10 25mn, followed by cast- | 0°003 | 0°28 0°96 9°82 2001 | 0°186 | Sound
. ing in 10 -atm nitrogen ' . ,
| atmosphere.
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Table 4. Results of‘t‘he high-pressure melting of 109 Cr-209 Ni-Fe alloy‘s.‘

Xo Melj:mg_ conditions ‘ Cherrvn_calﬂ compositions 9, Soundness
"| Nitrogen pressure| Holding time . . S : ] . of ingot
atm T mn C Si Mn Cr Ni , Total N :
42 - 10 0°003 | 0°31 | 0%97 | 989 | 19°20| 04155 | Sound
43 4 20 -0°002 | 038 099" 9°89 .| 20°02 |  0°156 Porous
30 : 30 0°006-| 0°+28 094 9'77 - 19+79 0153 Porous.
38 : 10 0+001 009 079 12°55 -19°08 | 0°233 i Sound
40 . 10 : _ 20 0°003 0°33 0°98 998 19+84 0°240 Porous
39 R . 30 0°009 0°24 093 |.10°66 19°81 0°268 Porous

Dfz.. L L, 4atm 25mn {fi5s, IS5 I0ERF 2%
FEALTHY 3mn T 10atm CECTHELEDbIHEL

72 No.31 1% 0°186% ONZETRAIMR L x D7z .
Thbb, 10%Cr OBETHHERHO N BEICHL
T, BEKOBRENIHHRTHITEL LML E T

%. T, ZD 10%Cr-20%Ni-Fe 441050 T 4

atm XX 10atm OERPCLIFHM 22 e Lo

FOE N D F EHELTHWIAOR &k & L 5 7
Table 4 CX DfEREHMIEL, F o (RIGRH & @B ON
y” . %:oOBff% Fig. 3 TR
' L7z, 4atm,
T VPG omafRiciae
| e AgmsiaBien, 20mn
”’//2,xm@§g§d‘ IOt s0mn TRV
W s oA R R
| LM L o7, Fig. 310
BV TR O NIEEI R
FERFR & & BT 4atm TiX
abc, ¥7o 10atm Tk

s
o Sound tngot .
% Porous ingot

k8

N %)

BT
Holding time (mn)

Fig. 3. Effect of hold-
ing time under high-
pressure nitrogen at-
mosphere on nitrogen
content of 109% Cr-

- 209, Ni-Fe alloy.
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gram illustrating the
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and of cast ingot.
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Th%5. HEH, diabc
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BAfRI Fig. 3 LEETH
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a'b' ¢ OXdREmMEL

2T, BED Py oAb UL, EREED P 0%
1 b DLEHSERO N9 s S hUSgERCR
WEAETTHEIO N% 12eheh bd X0 b'd' i

BHT 5. Blzifelns N% OWEMELTOENDEE
FETIUEIIED N% 3£, %/ g 13 h Wk
5. oL, i35 N% OBMEEN P 0% $8HE
FTHUERIEZ A C T N% 13§ 275525, £OR
B OEN % EHIICES Py ICE TRELCEbICH
ETIZES) Py KB 54, FRADER b X
B NGBS B BEATMBIE SN 5. 450 Table
3R LI 10%Cr-20%Ni-Fe &4% 4atm Fic. 25
mn (R 10 atm 1CHE L TEE LIRS TS SIHAYE D
NIZDWEZ DBEIT X 5DTH 5.

%%, Table5 % (% Photo. 11} 17-4 PH SO

| EBOBRTEBR, 3% O Si IRMELHE, 4

Si .content, % 3 -3 0°5

in melting, atm 4 4 4
PN: lin casting, atm: 4 10 4

Total N content, % 0°27 | 0%35 | 0°37

" Photo. 1. Section of -type 17-4 PH steel ingots
_melted and cast in high pressure

nitrogen atmosphere. = X3/10 (2/3)
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‘Table 5. \Results‘of the high-pressure melting in nitrogen atmosphere
‘ ‘ of 17-4 PH steels. ( :
Melting  conditions Pressure Chemical composition % o
' . of - Soundness
No Steels Pressure of Holdin nifrogen N ’ Total | of ingot
nitrogen time mgn in casting| - C Si| Mn|Cr | Ni | Cu N
. atm- atm . e N
49| . o 4 110 4 10°008| 2*92| 0°57/17°42| 4°07] 3*60| 0°22 | Sound
22 | 174 PH type 4 30 4 10°009| 3°07| 048|16°83| 4+06| 4°00{ 0°27 | Porous’
29 39, of Si 4 25 10 0°016| 2°85| 0°48|16°74] 4*45] 4°00 035 | Sound
21 o.° 10 30 10 0°004] 2°80; 0°47|15°84| 4°35] 4°01| 0°44 Sound
| 17-4 PH type . _ _ ) . _ :
28 | steel added - ! 30 - 4 0°015| 0°40| 0°47|16°76] 4*43| 3°96| 0°37 1  Sound
’ 0°59%, of Si . ] :
Table 6. Results of the high-pressure melting i'n‘hitrogen atmosphere
of some stainless steels ‘and heat-resisting steels’..
. No Kinds of Melting cond1t1qns Ch¢m1ca1 4composmon ‘%“ o
T steels Pressure of | Holding time | . ' - . , .
. nitrogen atm  mn C ‘ Si Mn | Cr Ni Co Oth_ers Total N;
8. g . M o = 10 0°006| 0°37 0‘92‘ 18*15} 3°95 |1 — -— 0090
g | 18Cr-4Ni | 10 10° 0005 0+38 | 0+97 | 18°17 4°13 | — — 0°592
10 . . 1’ » . 10 0°*003| 027 | 8°82 {1773} — —_— —_ 0183
11 1,80.r_8Mn 10 » 10 0°004| 0°28 | 9°03 | 18*10] — | — — 0°663
12 | 22Cr © 10 10 0°004/ 0°33 | 0°90 | 22°1¢| tr. | — — 0485
13 |22Cr-2Ni | - 10 10 0°003) 0°32 | 0°90 | 21°98} 2°00 | — — 0561 .
7| ' 10 10 — |— | 105 | 19°29] 19°17] — — 0°355
6 |- o 10 10 — — 1 0°96 | 19°21{ 19°53] 910 —_ 0°338
s ‘ 1. - 10 10 -——- — 092 | 19°17] 18°62| 19762 —_ 0280
- LCN-155 : Mo 3°00
36 ' 30 0:006| 0*09 | 1°14 | 19°72] 19°93| 19°694W 2°45°| 0°26%
: Nb 0°96 :
37 6o¢r<_'Fé:“; L Cf 30 0°078} 0°054 0°057| 51°74) — | — — 2°79

’ atm T SOmn {%&lﬁib%@iiffn_@“%’bﬂﬁl—l%@N?f‘
VX 0°27% T Photo e 1}5;97&7@%@1&%&
5. L_ﬁfb TL’C 4atm ‘F’C 25mn {%P{tﬁ& 10 atm

: Ebrﬁ%o%Lfmmozme%@N%Aﬁﬁé
&fﬂﬁ%#ﬁ%%, BAL le_UD e PRy -
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Mlcrostructure of type 316L steel No. 14 containing 0°459%N. "

Etched electrolytically by 10% oxalic acid.
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M1crostructures of type 316L steels
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Etched electrolytlcally by 10% oxalic acid.
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Mlcrostructures showmg the- nitride-
préeipitation in creep-ruptured speci-
mens of solution-quenched
316L steels. Etched electrolytically by
10% oxalic acid. X100 (2/3)
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