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On the Nitrogen Absorption of High Cr-Fe Alloys
with Various Chromium Contents in Nitrogen.

{On the functionof nifrogen as an alloying element in heat-resisting materials—VII)

omnmi Miyakawa and Masazo Okamoto_

Synopsis: .

Studies were made on the influence of the chromium content of high Cr-Fe alloys in the
range from 15 ‘to 25% of chromium on the nitrogen absorption at 1250°C in pure nitrogen.
The results obtained were as follows: ‘

(1) When the chromium content was increased in high Cr-Fe alloys which had not been
added with both carbon and nitrogen, the nitrogen abrosption was promoted remarkably.
While, the single austenite zone formed by the nitrogen absorption was not widened with
increase of the chromium content.

(2) High Cr-Fe alloys containing 0°1% of carbon absorbed nitrogen more readily than
those without carbon. The addition of 0°1% of carbon formed a considerable amount of
:austenite in 159 Cr-Fe alloy before the nitrogen absorption, and the austenite accelerated
the nitrogen absorption. The promoting effect of carbon on the nitrogen absorption was found
‘to be more remarkable in this alloy than in alloys of higher chromium contents and with the
same carbon content, in which almost all the structural constituents were consisted of ferrite.

(3) Nitrogen pre-alloyed in high Cr-Fe alloys was found to retard the nitrogen absorp-
tion though the austenite forming tendency of nitrogen was very similar to that of carbon.
The effect of 0°1% of nitrogen in preventing the nitrogen absorption of high Cr-Fe alloys

" was not so marked in 15% Cr-Fe alloy as in alloys with higher chromium contents because
-of the formation of an appreciable amount of austenite in 15% Cr-Fe alloy by the pre-
-alloying of 0*1% of nitrogen. )

(4) It was not always true that the higher the nitrogen content of high Cr-Fe alloys
before the nitrogen absorption, the less the absorption rate. The nitrogen content of 25%
‘Cr-Fe alloy containing 0°3% of nitrogen before the nitrogen absorption was found to have a
‘high level of about 1°0% in the single austenite zone by the nitrogen absorption at 1250°C
for 4 hours. The strong absorption was presumably caused by the high chromium content
.and the fact that the pre-alloyed nitrogen was much énough to produce an appreci-able
.amount of austenite. .

(5) The single austenite zone of 15% Cr-Fe alloys consisted wholly of martensite when
.quenched in water immediately after the nitrogen absorption, while a considerable amount
of austenite was retained in 209 Cr-Fe alloys. The austenite thus retained, however, was
fully hardened by the subzero-treatment using liquid oxygen. In 25% Cr-Fe alloys martensite
was no longer formed even by the subzero-treatment.

(6) The retained austenite by the quenching in the single austenite zome which was

. formed by the nitrogen absorption was fairly stable against the heatingi at temperatures below
about 600°C the nitrogen-containing austenite decomposed, however, rather readily by the
tempering at above 600°C. in even 25% Cr-Fe alloy. The transformation from ferrite to
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austenite on heating occurred at higher temperatures as the chromium content of alloys were
raised, the change being found at about 1050°C in 25% Cr-Fe alloys.
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Table 1. Charge composition (%) of
alloys used.

Specimen m‘arks Cr C N

15K ‘m —

15% Cr-Fe | (57 ¢ 15 | 0°10 | —
15-N(15-Nm) 15 — 010

alloys 15-N C 15 | 010 | O°1

20K 20 —_ —_

209% Cr-Fe 20-C 20 {C10| —
20-N 20 — 0-10
alloys 20-Nm 20 — | 0"18
20-NC 20 0°10 | 0°18

25K 25 —_ —_

25% Cr-Fe 25-C 25 010 —-—
' 25-N 25 —_ 0°10
alloys 25-Nm 25 — | 0°30
25-NC 25 0*10 | 0*30
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Left: I—Ieated at 1250°C for’ 1/2h and water- '
guenched.
Right: Nitrogen-absorbed at 1250°C for 4h
and water-quenched.
Photo. 1. Microstructures of 15~25% Cr-Fe
alloys. X 50 (1/2)
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Photo. 2. Microstructure of ‘‘ferrite matrix
zone’’ of 20K specimen which was nitrogen-
absorbed at 1250°C for 4h and water-quenched.
. X 1000 (1/1)
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Fig. 3.
matrix zone

was nitrogen-absorbed and water-quenched.

X-ray diffraction pattern at a ‘ferrite

’
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Left Heated at 1250°C for 1/2h and water-
quenched.

Right: Nitrogen-absorbed at 1250°C for 4h
and water-quenched. '
Photo. 3. Microstructures of 15~25% Cr-Fe
alloys containing 0°1% carbon. X350 (1/2)

— 43 —



1470 % & #

B FE E 1L FH

D, XPF—2AFF4 bEIX 50% BECLRI S %
7o 20-C TREILMEEAL 7 274 PRR T bTh
A —RFF4 MADBLEDLNEDLTHY, XbIT
25-C RRILMEESAET7 294 MBOARTH B, —i%
CNBIRETOMBAN DEREDORE WA —XFT 4 b
HEE RSSO BNORIICIIFHRER I L %
LEEOWILLEDTVWED P 15-C TE N B F5
TN EE F B 2B RBIN SN NZ T CREBIIFET
LF—RAF+4 MEARKEBTHZLBTE, i Cr
ERENVACDICT 2 T4 MEOF—AF F 4 PHESNDOZE
LD HBERES EEZ AN, TR LTEERD
Cr B4 L B XN/NREFRD TEKET725
4 MEFIZEEDE LTHEL, LERVWENRESEE
DTRUDTNRBREDL DL HEVWRA ORI
T7254 b, B LIETTCCHATLIRIEDOR
EHIPIC A — X F 4 MABELHEDEIDEF XD
5. 15-C T Cr EREWedIF —AF F 4 B
DN D ERFE VIRV & B 553, Table 2 1T7R
TN 15-C O N HIFfER»Ob»BTLLF AT
F 4 MEFRLBE 0°3% BEO N REFEEL S 5.
TNEHRHLTY = 74 ME:ZE{bEB XOCRILDORES
FEBOFHNBEERIXA —2AF 4 MEOHMI & T 25-
C TH%BIT Table2 WRT LKL 0°2% BERTE
V. Lic3DT 25% BEOE Cr-Fe &k T
A —RFF 4 MESSEIECRHRVIE YD NRIBRERZR
BRI EEX LA, §io e < 001% o C o
i EoT N ORESEE SN EBES 15-C Ki\\T
2L HREVO L EBR~NITLL 15-C Tk 0°1
%O COHEMC I D> TNRENH T TEEZEDT —~ AT F
4 MESERTBERL, 51K Cr BOFHVEETIE
ZDCRBLME LTHEELAL -7+ 4 MaRERE
LBV bLAEWEDEELLNSED, ZDX5iC
DA NPIR R 2 ERAIC L Y02 & X DBFEF TS
Lbihh. Cr g NBRIERTA 27+ 4 MEZE
ERHEETH—EEONBPBEWRSINFEDOF — X7 F
A FMEOEFIZCOTWMT LI 2TESH LD EEZ BN
55 CORMEIDBEITE W THINBBICE L TR
BOIFHRETHS. Fe-C-N FZdK iR LTizE
THEARTH D, ZORCETHHRIELE NS
DOHEBREILTHLIL LA D.
DERXNBRICXOTERT HE—~F—2F7F4 b
DPFEEVE Photo. 3 XY gl Fig. 2pHbib X
S CrEDVIARLEDLT 0°1% @ C Ot X2
TwHUBLLIELKESD, 25-C TREXOEMORE

B oE bl AL BNS. Fie Table 2 ON
SR B D E 001% O C 2ixchEDE—F ~
2754 MNEONBERCEZMARDOIE~T 15-C
T35\ T d s I IR 255 BV B AL TH E Y
L. FRRNEDO7 = T4 hEHOERS O FHN
RERCOFMCI 2T bbb Tt #ElTitaErn
V. ZOZE»LCBANBREBET BERITVTHO

Cr BORAINBELHT L X VO LAE—T— X
534 VEDESEZELTHLLCHHEVAD. L
LTZ ORI ERDT L L 25% Cr-Fe &4k
ThH2o& bl .

DX i 1250°C -4h ONIRIRIC IV T 15~25% -
Cr-Fe 54&ic+NFh 0°1% oCHREmMmEhs e Cr
EDOVrAk b T NORBIIBE S, NERES X
CHE—F —27 74 FBOERSIIVWHU S LT,
ZTDEMOREIR Cr 202X >THEEL Cr &2
BEWAEIEEREW. Thit Cr BOENHD TR 071
%® C DI L > TNBNFHELEDF — A7 F 4 b
MR T CTREET 5D TH L. —FCoFmavh
O Cr BOEECHLTHE—~F -7+ 4 MEONR
ErdE oHai . '

3. 0°1% o N &jnzic 15~25% Cr-Fe &40k
IRz owvC

N CLRERE LD TN A —RF >4 FERITE
TH 5P, NEEIZET LR EER~ONOTFEINOFE
FIITR DO COBELKOTLLRELTHAHS. £ L
THENFN 0°1% ONEINZX 15~25% Cr-Fe 44
W LT 1250°C-4h o NI 257, & Cr-Fe &
& NERICH XY CrEoBBic>nT 0°1% O
NZmxia84METRE L AL, STNEREIZD
WCHhBE 15-N, 20-N 35 XU 25-N o NEUY & 1337
o Fig. | WRTZELWTFhd 001% @ N OFEm
X2 THE D RNITEA 5. NOEms 20% Cr-
Fe 440N Z T Lin>TNELs WhoKk
EARTNBRIREZHT 5 2 L3 T TIE 6 Ik TH
EL72h, ToOLS5ENOERRIE»D Cr BEOS4IC
BVWTHRABELEDONE. LALT 0°1% O N @
FRIMC X » BAIRIHRY D OEEEMT b bLNRNE
DB T HEENE 5-N itk (223 Cr &
DAL &I LEVWIEELLD, D) 20-N D
NBIEE 15-N X 0z 2oTo b, ZDX>
CRAEZEONOFET X O TN IR 21517 5 h HIRER
Cr BEOH LRI DTELLEAZBI +5DIINRK
AT O£ OBEMEMERZ L 5_7. Photo. 4 {3%

— 44 —



Cr g2 Ricd 5% Cr-Fe AS0EHEAFITIT 3 BHERNITOVT 1471

20-N

25-N

LSRR HE R 3

Left: Heated at 1250°C for 1/2h and water-
quenched. '

Right: Nitrogen-absorbed at 1250°C for 4h
and water-quenched. -
Photo. 4. Microstructures of 15~259, Cr-Fe
alloys containing 0°1% nitrogen. X350 (1/2)
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Table 3. The increment of N content by the
nitrogen absorption.
Single austenite
Specimen zone Inner
Marks
: Outer Inner core
N - 15-K 026 016 0-03
15-N 0°20 0*10 003
(%)
20-K 0+43 0-29 007
20-N 041 0°25 002
25-K 084 075 0*15
25-N 0-80 0°*69 011
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Photo. 5. Microstructures of 15~25% Cr-Fe
alloys containing nitrogen or nitrogen plus
carbon. x50 (1/2)
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Fig. 5. Differential dilatation curves of
15~25% Cr-Fe alloys.
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