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On the Improvement of Various Properties of 20% Cr-Mn-Fe Alloys
by Nitrogen-Absorption Treatment.
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(On the function of nitrogen as an alloying element in heat-resisting materials—X)
Omi Mivarawa and Masazé OKAMOTO

Synopsis:

The formation of the nitrogen- bearmg austenite in 20% Cr-Mn-Fe alloys containing manga-
nese up to 10% by the authors’ nitrogen-absorption method and the thermal behavior of the
formed austenite were studied. The creep property of the nitrogen-absorbed alloys at eleva-
ted temperature was also investigated. The results obtained are as follows:

(1) The depth of the single austenite zone formed by-the nitrogen-absorption in 20% Cr-
Mn-Fe alloys is widened with increase of the manganese content of alloys, and the nitrogen
content of the nitrogen-absorbed alloys is also increased as the manganese content is raised.
In the alloys containing 8% or more of manganese, the single austenite zone contains about
089 nitrogen. ' .

(2) When.the manganese content of the alloys is 2% or more, the nitrogen-bearing aus-
tenite is retained by quenching in water. In the alloys containing 4% or more of manganese,
no martensite is formed even by subzero-treatment using the liquid oxygen.

(3) In the alloys containing manganese lower than 2%, the austenite decomposes readily
by aging at 700°C, while, in the alloys containing 4% or more of manganese, the lamellar
phase of nitride is developed from the surface zone to the inner one during aging at 700°C.
The hardness of the single austenite zone of the alloys containing about 89 manganese is
maintained as high as about Hv 400 even after aging forup to 800 hours.

(4) Both the bending creep property and the tensile creep property at elevated tempera-
ture of the nitrogen-absorbed 20% Cr-8% Mn-Fe alloy are excellent in the same degree as 316L.
type alloy shows, and the property is further improved by an intermediate and light rolling
prior to solution-quenching of the nitrogen-absorbed alloy.

(5) The oxidation resistance of these alloys is lowered to a certain extent by nitrogen-
absorption treatment.
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Photo. 1. Microstructures of 20% Cr-Mn-Fe
alloys. X600 (2/3)
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aged at 700°C for various periods up to 800h.

A &SN, R 800hiC bk X &L

BB —F —2AFF A4 FEDIEF LA TSI MIT

IoThkbH3, 4AM T WA EE U BEsghOfE

S ELbNBIEXL, 8M ik 4M X U NiE
EREVIC b L TEEMIL it v, 2Ol L
REEOEBIHOMME EREE TR LA Photo 3 A
HEELITPLPTHS.

Fig. 4 l31¥i—A —AF + 4 FBOEMH 6 OWES A
LRI & OBMGEE R LI L OT, 4AM TIERHHIER
LTS OBEDKR TSV LU S Lyailk L, 8M
CTREBIVES 0°05mm BED T CKEHITHWT
2R W DM MARD ENEDORT, B—Fd — AT F
A NBOBFEAELBIZEST 800h OFZhiED Hv
400 BEOBVEESME-N S, fkk 4M FH XU 8M
LIS D& 1T 2V T O R OB IZENE L7225, 1I0OMD
RS AT D EENT 8M & KER <, F/ 6M {3 8M
(AT R R @R DIFEE A2 5R -

4. NUEIRAIRIZ X DER 2 U — TR OtE

(a) NRUAELC X5 EEIT 2 )~ PR ORE

Cr-Ni A —AF 54 b WEAMHD 7 ) — FPieic s
IIETNERMOBEIC DV CIE, ¥ OEMNEH 0°2%F

— 4

8M

1250°C-4h N-abs.,w.q.
7% cold-rolled
1250°C-1/3h,w.q.

ELUTOBEOAETOHRE S I NOF
Ao Twad, fl 2 X RESD
316L #4H (17%Cr-129%Ni-29,Mo) %
FI2R/ED Ne RCHRLT 0°2%EED
N&2&4tT5 L NEZma Lok~
TY Y — PEEBRIERCMET S & H®EL
TWb., FRLINEEHIC 18-8 F -2 F
+4 MO Ni 0—F% Mn s XUNT
Bl 72 201 Wi X O 202 RUSRVEAREEE
WICF DOBEREN>DH D, Zhb DR
D650°C T FsiF 5 1000h D& ) — FEEHT
WEI TN E N 304 Bl E7ov3 347 BUEH K
nRRBEND EVvbnBED., b DI
BV HNOFRIES 0°2%RELL LIk
T LI EROBEEIC X SIR D RS 7
DEEMA - ZFF 4 MAEEE DB REL %
BED Ni 5L CWv5. L25T 8~10% ® Mn %
4735 20% Cr-Mn-Fe &40 NEINAEHRED X 5T
0°'8% CHhF I LSBIREONEZEEHT H2H Nik g0
e MmATREELF —AF 4 ML > TERY,
Ni OFIRE VI EKRTIEEbLD TEETRELORD
D, L2bdEREONOERT 700°C -800h  DRGEhER
I Hv 400 BEOEHWELZTTOT N ERIMLHED &
) — FEME T ARSI NS. T TR
FE LT BM A4S E LTHRM T 2 ) — P
+ % NIRUAAER OB R % §~7c. Fig. 513 OM~10MIZ
w5 700°C, ME 1lkg OEEMMT Y ) — TR D
BT R OTDIC R R oER I D ARCBEED
20% Cr-10% Ni 448 X0 316L BT OVWTHE
B 7o, NIRWAAIEVE 1250°C ¢ 4hfisvy, NEERU
L7\ OM~10M, 20% Cr-109,Ni &4 X0 316L
BRI -F b EZerh T 1150°C -1 hfin#iskd U TR

L7z, TN s50 ‘

UL L7y OM Load Ik

~1IOMIZ DWW TH Sp 1250744
N-absorption, w.g.

5, C;hﬁ_go)/g,
&ix Mn jREO
3,5 & HEVI0M / .

T X 28 & 20% 15 M-f?ﬁ%ﬁ%ﬁ

EDd — 25 F A M 24 M 6H oW A
Specimen mark

Q

Al

Time reguired for deflectian of Mom (h)

i

P ELDOHT,  Fig. 5. Improvement of the
o7 Fh i, bending creep characteristics

of 209 Cr-Mn-Fe alloys at
700°C by the nitrogen-absorp-
tion treatment.

I~2h DO EHDT
R C1Omm oD



838 #® & ¢

B 47 &£ (1961) e

Pes LT 5. EANBIRMON OM kXU 2M TiX
ZTDOENF AT 54 MPERRLEXDVBEZHT T 54
*Wétb,NWWL@VléﬁU—fﬁu®&$ﬁ
FEAELV. LB 6M~I0M T3 10mm {3
mlmhuL%%LN&WMﬂmlaﬁu—fﬁ&@&
%ﬁ%bbrv%téb<,itsmL@ﬁﬁ;wzo
%Cr-10%Ni 543 E 1§ I0h T 10mm DOFEL
&f7®f,;CKﬁA66M~mMCDN%WM®ﬁ
BING DM X DIX52IITH Y ) — PERE . &
NOENEINAMD 7 U ~ PSS EL TV S 0N, i o

) = FPHEBRIZEVWT L DL B REVIEHDL P EHRAD
FERBERC 70 D OIS WCEDTEWNIREDOF — 27 +
A FEBPFEL, WERPEEHa U CEiRREE A5 18
FTROTHE. Ik, TOX 575 NRIREOLHTE%
3 5YE 36 LAR K O HBMIIEA OPh.LERE T
A—=—R7 >4 FPBEBETHDITH L, NEERACTERA PR
LEBIZE A — A7 F 4 MITHERTI S I EiRsaE 0%
Wz 54 R DhE ) S RICEET A L & R E e
e His .

BLl i1kg OFEIC X % i@ o 7 v — P
DWW TNEINAEEDZH R & C7chs, DEIC sMiTD
WT 9kg, 8kg I XU 6kg OFHEIZ X HEFHED S Y
—~ FPIEER BT L. Fig. 6 3 2D EET, Zhib
400h FREE ¥ TOLEMERBEO 2 ) — FHEINE R
L7z 8M DFH 316 L RBIFHI D avis VBN TV BH
BRI A% 500
hBECdD
& 316 LIVEH X
DInZDTRR
EHTERME

700

=)
<
S

y
<
S

5
%E
- hs. Chidr
£ ShUBEE % m L ic
3 40 Fig. 4 »
900 BHIS DX S
3 iz, 8M DN
Y
S0 WA I RER
S , e N i
Zop o | HEETEVRE
[/} ! | OFRBEHIZEV
g 7 ' 39 10 /i
load (k) T LW aR
Fig. 6. Effect of the nitrogen- &7 %72

absorption treatment on the
bending creep characteristics
of 209, Cr-89,Mn-Fe alloys
at 700°C. :

T, ZOX5k
EKIEIR O @E%D
BEVIEED &

DFFADREEIL E DT

| REREIEE Y 7%IEA

)~ PRI LT E D SEIFS Y — PHHEICH L TE
DEEBIVVHBULH LWV EEZBND.

(b) NIEIRAIBHOEIEZ X SERIET 2 v — A%
ot

NIBMAH D T L Fferah @ sh 2 5vE URgf 2 v —
TR S S IEEET Do), NIRIRAEREERE S X O
B2 fT I D TR E NER E ON DI EE S
CUNREOE—LEZEZ7. LTI 5 Emog)
RiZow k<5, e LT sM XU IOM %
AV 1250°C -4h @ N BB %4k 20% % C
5% & DOEERTHHMEELZTLV, I511250°C -
1/4h OFECALERE T2 Ciiflghi) 2 ) — FikEhic
Pelic. L2 ATNEZELEEZEIBEMET 54
FHET b D25*, FBERES

CHRFTLTLbTHPONDHA Y 3s X O L& W T
5720, TOHBFRIEHED | KE7 v 3L TiEkit
PUSZ R L B Ay ol 1250°C &\ 5 J0EIR BE L3 — A%
IR EEWCERT L2 E5V D 505, FEORHED
L BATEIC A S 720 H 2 TNRIRE & B C B A,
X < Fig. 7 12 NIRIZ

7:5-4‘37

| load kg

EIEH QWL 11kg ® &3, [
WE OERIT 2 ) — RS :

3T on %
TR & IR & DR NI

. K§M0 .
?‘ ~ _"\.

Ha sM I XU 10M ‘\‘g ) 70 75 20
W2OWTSEL A= O /?ev'uctmn of height (35
T, ZhXbhissy Fig. 7. Effect of the cold-

prerolling before solution
quenching on the bending

~ PRt 4, CTeeP characteristics of the
) nitrogen-absorbed alloys
5~10% EEOEEE® under 11kg load.
JESEWC X DRt s h, FEESXSITHMT L2y
— TR T DR EOMBREE—F ~ 25 F 4 GO
REDELI X B DIzDIE 22 THIEL b
DERRMREO 2 ) ~ PR T B B LT o
WHEIEDLR & T~ 57201z, 1250°C -4h DN
TEHBIEZEZTLv, DWT
1250°C -1/4h DEEHLAH % L7 8M K2W< 9kg
8kg BIU 6kg OWETHEIBMIFY V — FHRE T
BV, TORERAE%ED Fig.6 ITHH#TRLE. ZHhED
8M D N BN T 7% OWMEEIZL WD vb
ChHLVvERilY 2 ) — 7HEomES L LN, kgD
FMIEOHETS 3161 BINX VEN & 2 ) — FiSts
DD EBHMLND. DX S THEEES

XS NIRM D 5 v

L/H)L/ ~

* NRNHAOEBMEAREOREB 20T 1961 &
4 ARSEFERARECHE

— 46 —



FEIINMEBC X 5 20% Cr-Mn-Fe & OMEHFZWCDOWT - » ‘839

D F DEHOBEHICRIBC X Y 7 ) — TREIHEIND
Dy2sed Photo. 3 X DAL H 78 X 5 T EEM TIIR/E
RO NBREDH—{L D7D Z OES OBRFEIHHREI D I
Wi THBDH. LD ERELRBEOREEDH
FRLLDOTHE»D LI
DEFELTSMIEZoWTHRRTFZ V) - FiHERs
JIE T NRIAERE OB L JE ORET 2 W
B, T DA TEHERS O Vs CAVERIR BEVE FE BE O 34 % B
B B & L NRUIRAAERIREE & [ U< 1250°C i
A L L7ahs 8M o N BRINMTE A o .0H#k
CHINED 7 294 MEELINPDBRVIEEERY Y
— FRERSDLDEL LD EFEXOLNDDT, EEE
ZDEEDF — 2T F 4 Munb D& dBEHL 1150°C
T 1/4h OEBEELAEZ T VWERIT 2 U - TRl %
D THiz. FORIRFL %D Fig.6 gk
L7z25, 1150°C TIEHILAREEEfTIR 5 & 1250°C DY
SIHNTHREDOA — 25 F 4 FEXREINT S0
o~ PRI SIEMET S EAFbN.

(c) NG AE X 0% O%OEER X 5 EiR515E
M ) — TR OUE

B3RV & Y — THEMTEER & 1 2 ) — TR L TR
ER AT B I B JE T O TR BB IR HICRL DD
T, fiF ) - PR ONBCSHROH DILEN L D
#EFUREIED 2 ) — THEEORECHF ST 5
vz, L Lan bR KEROARNIS S
L8R 7Y — PREERERTEESL, HirdOoso
T 254 FEOSSIFET 2 Y - FR/FHOHE I DL
AEDEEHPRKENLEEZLNDDT, WiFs ) — T
MHICH L TH oL DHEMRBREEE T b b 1250°C -4
h O NEIRALTE, 7% O®WHEEES X 1150°C -1/4h
DB L 8M Tt L T2 THEiRG Ik 7V —
PR BT HE L7, 7 HE Oz »Iic 1150°C -1 h i
ok L7z 3L6 LIRS X ' NIRISALEI 2% D ¥ 2K
L7-iRBe CREEA fT7cb v SM I DWW T HEER L 7.

< o | | T 1] I

% 2 —\a) 72504k Kabs., 7% cotd rall, WSO 44, w.g. —|
25 T Loy B
< } ) CO T Wl wg

“ ——— f—l

X Np— @n 3/57 e G~ .f/!lfl‘

. . wn T )
IS H50% 14, wg. @ ”ﬁ’

A5 L

&

V/j 20 30 430 00 200 300 400 500 £009
Rypture lire (H)

Fig. 8. Effect of the nitrogen-absorption
treatment on the tensile creep-rupture

~ characteristics of 209%Cr-8%Mn-Fe alloys
at 700°C. Figures in parentheses show
the rupture elongation. :

E B LB TR D,

Fig. 8 XX OFERZR LD T, %7 1250°C -4h
DN AR D L2 {57 D7z 8M T 2WTH D &, g
AOERFR DA SI6L AR X DX s ic@Ehic 2 Y
— FPHERTREME 2 R A5 800 h IREELL E I 316 LEIGH X
DL b XS d. SO D EEREERR O/ 2
) — PRMIC BT B & E o7 < FRRTR D BRI
WX BRBHOBENVBLTOREATHS. LB OTN
RIS 7% OFERE % 1T 27 RE RO E TN
REZEH—T5 L 8M D2 ) — FHERERERERR O
BEEDE XD 1000h IREOERMTD 316L X
D is DL I B — B O R BN OB F T
TRT LD NRIAOE BRI,

5. NIRULEUE OB L ' .

S E®D X 5t 20%Cr-8%Mn-Fe &4 O NI T
EFCRFL 2 Y — PFHEER T, ZOX5EHEIERE
Exm7T 55486 EETS T AN £ EE LR
MTH5H. —fRICHE Cr-Fe £413%® CriREsrEm
T3 Cr aSEIRECER{L
L CAE&ETRmMICEE CRER Cr Bt oR a2 k3
51 THBD. LicH DT TIN5 NERMO X S
K Z ORBEHCEREONZEE&(L S, ZThddn#dh
LM LT T2 X5 WBaE, #-2774
i CripE KT & Lhic X 5 bk o ks
FrEEND. & ATl kiR —izcid 1000°C
BENFOEEET 1~2h BEOERMGL S 0onlk
WBOX S THD, REOHERAFHTTLSFBIVE
E#LFE x 700°C -500h DRGHINERE F776D0 TN
Wit O ER b 2 ~7c. HEEEUEHE 4M~10M, 316L
% L O° 202%Cr-10%Ni 44® 1250°C -4h O NI
I THEME L TR INSDE4% N IR &§F ICE
22T 1150°C -1 h nSlzkid L7ch D& V7.

Fig. 9 WX OFREZTFR LD T, NRIRFIIVFR
S NI L 7\ % DI~ TR L ASEE V- & & 230 5
No. L Ladoasemo CriEEssy iz NI
M3 TE % 700°C -500h D XK A O E &1
PiE o3 221 0 4mg/em? RELT TH 0, HREOR

. 04
< "E
3T
52
38 |} : = %‘
S pLELL 8
M M 8H IOM 2Cr 6L M 6K SM WM Acr il
ok Vi
150°7h, w.g. 7250 4h K-abs, w.g.
Fig. 9. Effect of the nitrogen-absorption

treatment on the oxidation resistance of
20%Cr-Mn-Fe alloys.

— 47 —



840" ’ o

& M 547 F (1961) Ee R

PR T OFR LRI & NIRIUH D ML B D7 FE
fEC, #HEIORIEEL €07 A b, L2 TN
M AAERIT X 5 T OBRE DO LIEDE TR iz &
ARSIV EFZ L2 5N 5.

7535 1100°C FEOZ{LMO LI DR S 75 v EhilEE
THRNREDBE W EDOERE L ATE ks EL TV
HTEMBHENIS, ZHIZOWTIEIR D THE
T 5.

IV. #& i

Jek 1098 £ T Mn % %Y 20%Cr-Mn-Fe {34
MNP X OGNt — 257+ 4 LRI, &
DF — AT F A+ OBLEER), = 5ITNRIRLEIC &
% OFEDEIRY Y — PREEOUR L LD & TR
HE T FORRE .

1) 20%Cr-Mn-Fe &@icx LT NI &S
DA ONE I Mn R OEEDOF — 25 F 4
b b D NVAMEEL & 5D DR 07, 4RO Mn
EOHEIMIC X > TyH U B L KT 5.

2) NPRIRIIC &2 THAKT 2R EILH OB —F
— A7 F A4 Mild Mn REOHVEEE SR, NIE
IR ONIRE DTS Mn REOAEE EEL, 8~10%
o Mn %5T434TIE 1250°C -4 h O NI AEIZ X
D BFUELIEC 078%2 35 X ANEIB SN B.

3) NUBRMITT X D AR LN — 25 5 4 b
D Ms ik 2% @ Mn ORI X D HEWREATIC, %
72 4% @ Mn OFEMIC X H —190°C LTI T3, N
Ytz 700°C THUR LRsZhd D&, Mn jRED 2%
UTFOGETIRENS — 27 F 4 bOFESEI TR
HAH5 Ty D Mn i&gﬁ;gp\&iﬁﬁbﬁﬁbfﬁﬁ
L5 D, BB URFSN R, DE{b s KT H L

LEWITNEIZE X & Mn R D 4% BREDOEE&T
RERR O X 0B EmsS b UL Ly,
8% BEEDEE& TR T KR EZRVOERENITE D IT
< £, 700°C -800h DEfzhi%d Hv 400 BEDE VR
JEw T
4) 20%Cr-8%Mn-Fe {54: O NIRI A Ol &
) — PR R KOS BR Y 7 U — SRR Ni 2
FORLEERI2»PHLLT VTR BIFT, HERIE
BRI TIE 316 LA X 0 Ix B T 555, i
W7 % LREER M OS2 316 LB L D %>
45, NYILESEREE OJFIE % 1775 D I Ria i LT
T 5% L KOG IR =, B0 ) — F5F
P 3I6LIGHE 0END X HIKAB.
5) ZOEL&ONREIFD 700°C 37 HiHE bt
WENZRIRUSDWHDITHERTRoRE 5.
0 @ NOSHTIC DU THEMBINE BV 7R L
HEHROAAICE <HtLESR L LW £ 7.
(REFA354: 9 B FFHi)
x B

1) R4, BN gk &, 47(1961), 43

2). M4, B ke, 45 (1959), 614

3) W. KOsTER: Arch. Eisenhiittenw., 7

(1933/34), 678 .
4) R. Franks, W. O. Binper and J. THOMPSON:
Trans. Amer. Soc. Metals, 47 (1955), 231

“5) BIAGEHEI, FRII, R #k &8, 46 (1960),

748
6) BlAEENE WA BARSEFRE 1 (1937),
151

7) WA, HErh, £ g8, 45 (1959), 1351
8) MlAiX E. A. Loria: Iron Age, 29 (1955),
Sep., 65 ’

— 48 —



