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The ‘Phase Diagram of The Fe-Cr-N 'System.

Masazo OkamMoTo and Takeshi NAITO

Synopsis:

The tentative phase diagram of an Fe-Cr-N system in the composition range of 12 to 60%
Cr, N up to about 2% at the partial pressure of nitrogen in air has been constructed by
thermal analyses of Fe-Cr-N alloys which contained less nitrogen in the previously reported
experimental formula [Cr]=32"9 log [N]1+42'5, and X-ray analyses as well as microscopic
exammanons " Besides molten alloys, Fe-Cr-N alloys were prepared by the nitrogen-absorp-
tion at 1250°C and at one atmospheric preesure of pure nitrogen, and their structures have
been examined. The denitrogenization of the nitrogen-absorbed alloys during the heating m
the vacuum has also been clarified. The results are summarized as follows. :

(1) It was presumed from the study of the heterogeneous equilibrium of the Fe-Cr-N
system that a peritectic reaction L+ § 27 exists in the Fe- rich melt of the Fe-N system as
seen in that of the Fe-C system, and it was also assumed that ‘a eutectic reaction L<> J -+
Cr,N. exists in the range up to [1°6%N at Cer in the Cr-N system. :

(2) The peritectic reaction at the Fe-N alloy-side lowers the temperatures as the Cr
content in the melt increases, and the eutectic reaction at the Cr- Cr;N alloy-side also decr-
cases the temperatures -as the Fe content in the melt increases. The above two mono-variant
reactions meet at the point s in Fig. 1, which is found to exist at 169Cr and 0°99%N and at

©1328°C, and a peritecto-eutectic reaction L+ 0 27 +Cr:N is formed, the composition range
of the mon-variant reaction being in the hatched area formed by the muowmg four points:
q(8), u(yr), s(L) and CrzN.

(3) It is presumed from x-ray diffraction analyses of alloys quenched immediately after
their solidification that Cr:N does not dissolve Fe, Cr or N; the nitride pr1mar1ly separated
from melts may be shown as the simple form of CreN.-

(4) When Fe-Cr alloy sheets are heated at 1250°C at one atmospheric pressure of nitrogen,
the higher the chromium content of the alloys, the more the nitrogen-absorption and the
shorter the time for the saturation of the absorbed nitrogen. :

(5) When Fe-Cr alloys in the composition range of 12 to 409,Cr are nitrogen-absorbed
at '1250°C, austenite is formed irrespective of the concentration of chromium in the alloys,
and the phase containing chromium up to 23% decomposes into martensite on quenching and
decomposes into a-+CryN on slow cooling to room temperature, while the austenite containing
above 23% Cr is retained as austenite without being decomposed by water- quenching from
high temperatures. '

(6) Nitrogen- -absorbed Fe-Cr-N alloys are denitrogenized by heating in the vacuum, the

degree being less in higher chromium alloys. . (Rece1ved 20 May. 1963)
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Fig. 1. The tentative diagram of the Fe-Cr-N
system. ‘ -
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Fig. 2. X-ray diffraction chart of various Fe-~
Cr-N alloys using Fe-target. .
CrgoNo.20 was quenched in water at 800
°C after held for th. All specimens.
except CryoNo.e were quénched imme-
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Photo. 1. Microstructures of alloys queﬁched immediately after
E solidified in furnace, electrolytically etched in 80%
phosphoric acid. :

— 59 —




19181 & & &1

v

8 49 4 (1963) #1385

FDEDS & TEHIE Uiz Crs1.aNowy DA S 2 REH
THER L TBRRAPTREE LD DOTH2T, N
B OBBRIC X DT 2°4% ETHRAPLTWVWS. 2o
HRODOTH S BEHH L TH D, ZHIhF es 13
N% OEXBLEHEVEL HEH BE LB RS, BEOD
CrooNy.ss WXL 3 L3k 0 +CrN L X D7DTV 5.
CHARRT D D . BUHE L MEBRE OFE L 2R S LT
BADO—ED N9 350 E—2D Cro sty 5ET
REREZBIREDO E T ATRDS EENL Fig. 3,

1550

02%N
. ,
1500 /
-~ ’ Q
& v i
o
w - 2+8 SN Z+6
< .
N L,
R m0— 9,
E L
Q v
Q - -
S| LeSeGN
1350 5 AT 5
_r " - o
S*f*GrN R I PN R N
300 [ L ,
! 20 25 30 3‘5 <0 45 5020 25 30 3’5 49 45 50
cr ¢ % ) .
Fig. 3. Sectional diagrams at 0°29%N and

0°39%N

Fig. 4 W3 &Lt 5.
E{L4% 1000°C T 30% ODFEEZMC L, Hx OEE
RS Uiz % Photo.2 ©R3. ZOMHBTCAHD

T&<, 800°C & CrzoNo.zo V3 6+CreN O bEIFE

Th5H. ZORKHE 1150°C KB L TARSE TS L & +
riinb. CORMBITT LT LA FICERRT B

S 1300°C I Lh fFFLTkE TS & 5-+7+CrN

SRR L R D OfigE B D ICFE OB TAN

BIXOEBORIZ0 LCrHN X hED, Hmlomon

Fid=vF bz y Td 5. TorEDPOGAND® 35 I (Y

Tisivai 5103 Fe-Cr-N &4 CEEECEIT2 ak X -

Oy OMBEREZFAITV 583, £ OEICE b OfFER
FERL TRV, L L OR 3o hic sty
BEETDHZ LD VTR ESIWDTVEE ADN
D IEREFRD OPFIHFEIFE O Fe-Cr-N &4 icix

- NaCl g E 3oL Ebh5 CrN ZFRD Tl .

AR L72 X 51T, Cr.i2~22% OHiFE TNB3E&LIRE
F TR L7z Fe-Cr-N £& Kb % 7 ITEREND
KELTHORESB < VT A bT 5. chickL T Cr
23% WA L& &H P ONGBH 0°2% Dba&hL TET
% 71X 1250°C ~1100°C DEBEND O/KETEDE
FERCHELERLZEIN, T ALTH T LT,
3. Fe-Cr 54 0RRTIIC X 5 RZE L

o BT D Fe-Cr B4 Oehill 2 BHEE L LR

Fo %Cr

7 SEERS O RRHEEL T 0°23mm OEIR
LTI NFIREL 7. NIRRT

T 7T
oo, L D\L

OXN WX BRI L Fig. 5 R,

% Cr% OIDWREFLID AHFC LT

Jemperatire (°C)

. | 0
= |- S5O

Src/v ;ro/v | . Rt Cr’/} ’ & © Cr N

— 5. NOWERicX % Cre 0ZbizEbd

sy ol TAS0D Cr% OZEBIRE W ERIETL

41,; TXV. TORCHD XS KEILL ko

S
Fgo 01 @z 03 040 a ﬂ.Z 03 04 050 o1 02 a3 04 05 a6 0 0] 02 03 04 05 06 07

Cr %) .

Fig. 4. Sect10nal d1a0rrams at ZS%Cr 30%Cr,,35%Cr and

40% Cr

5 +Cr2N 800°C-1h
%400 % 200 X 400

‘Photo. 2. M,ici‘ost-ructures of the alloy containing 209% Cr i3 Th TERSN DA, Croe OFRWT5

and 0°209%N water-quenched from various tem-—
peratures; electrolytically etched in 80% phosp-

horic acid.

8+7(M) 1150°C-1h - 3+ 7(M)+CrzN 1300°C-1h

U ASRB T OREICETE T B LR O
FENAADZ LI E DT Fe-Cr 40
BEIDBWBULLAIAIRDES T

LTI EN D N% BT, 0k
ik Fig. 6 WRTED T, IERTOEER
o W, gnEgorhi: Wk 3 AEX
[(W'-W) /W'] - 10075 5 NYLIL# I Cro%6 @

PEINTAICR 2 5. E 72 NN o fgF]
(1/2)

5. ks, COEBCCIERUIERRR

— 60 —

7B, DX T NI A S & HR L

PRI T AR DT EN LS T




Fe-Cr-N RREEEICOVT

1919

OO DOV

O @

N B I' - T .« N /:.
40 OOOOOO— ! ' ‘
k R R ' o 40Cr
aCL N ) . 18\ d
o o :
BHOCOOOPOOGO® 171 f——— 35 0n —
CHe ; i —
. VAR 161 |
wHooodee®®-0— .
LI A 15—
= .
. B5{O 19§ 33Cr
S ' T
N /.3r -
201% ) l
~ p -~ —
[ N 12 30 Cr
sl ~ ok e/_i’},_,—‘{i
<
)
§, ot x,_,iZ_7_C_r__‘X
0 : ‘ﬁ = ! R
‘! ‘ . 2 09 -'T J_T—'
i o B 23
I | br l I} L 1 | 1 1 1 % 08y Py A raN
0 01 02 03 04 05 06 07 08 0F 10 11 12 13 14 15 16 [T 18 19 §
N (%) =

Fig. 5. Structural changes due to the holding time at
1250°C-1atm. Ny of various Fe-Cr alloys caused

by the N absorption.

@%EZ%&LTV%.Twmlmﬁk@Qwé®F&
Cr 440 1250°C 2h © N FAEEHED N%, S
DMEACIARD BH AR L. ZORIKA DRI

2095Cr BIF® Ci% O —2FF4 MIXDINTF Y
AL X O TRVWEAETRT. 7 40%Cr OB OTLI
(OBHBEEDCHBBRVEAE DX TES. 23

~35%Cr D DIEA — AT F A MEFRE 13T DR

KERS 5 B A DRERIEEE . DL, 1250°C O N

WA & B 02T Ik A Photo. 3 1RT.
®5 5T CrisNeor V3 10 HEMERHEOSOT o+ 7

- +Cr:N OZEMNLIS Y, CreN l/}tﬁiﬁ&;i:ﬁbfi%<

ﬁbhf%brmvwiymbfw%.é%m%ﬁﬁ%
% 2h ICEETHhIENRIR &3 fafmcEL CrisNous &
Fh. COLEETEELAELIBRIOTEIERETKE
< vF AL T B, 2ED CraNows b 2hﬁﬁf‘N’vCﬁ@
FIL I REEOMEBTH B, £ O T IRERE TCHET
4o Lyxfw. Eie CraNeer 1 30 ZRINBRZTT
Fbotioh OTHED S, CrN &y L OZMMAFER

2 ' ‘
[ 1 |
09 20 40 60 80 100 I20
Time of absorption (mn ) -
Fig. 6. Absorption of nitro-

gen in Fe-Cr alloys at 1250°C
and at 1 atm N; due to the
holding time.

4. 54D CrasNies & CryoNig rivwshnd 2h
@NWWK;DNK%ﬂLt%@@ﬁﬁ@,%<ﬁza'
SIS D 6 & CreN O3FET 5 2 25 TIh I
KL THD LHEHIR hov—A %4 b AN H T D D,
BEWEEy TH%.

4. TEZBINEL DD DOREITOVT

N B C % B i A4 L R B RBE 723 HE
FCASICEET 5. £ 2T 0°23mm FO/NSTRE
¥z A\ 10-5mmHg OEERTIEL > >X OBEEE

Table 1. The intensity of magnetization and the phases due to the absorption of nitrogen of
Fe-Cr alloy sheets at 1250°C-2h in 1 atm pure nitrogen.

Cr wt.% 12 15 \ 18 20 23 25 27 30 33 35 40
N wt.% 0°241 | 0°+340 | 0480 | 0672 | 0°760| o071 | 0v990 | 1136 | 1°326| 1646 | 1°870
Intensity of ' ] :
magnesanon | 15< 15< 15< 15< 15> | 1°5> | 15> | 15> | 15> 15> | 15<
indicator%) ’
' ’ : a -+ o+
Phase 7 (M) | 7 (M) r<M>\ r |7 ‘ r r r A AR S el
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