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A Quantitative Analysis of Nitrogen in Chromium Nitrides
by Electron Probe Microanalysis

Nagato ONo, Shigeru SAWADA, Masanori KAJIHARA and Makoto KIKUCHI

Synopsis :

Homogeneous single phase di-chromium nitrides, ¢-CryN,_,, with nitrogen concentrations from 9.8 to
11.4 mass% were produced by nitriding pure chromium under different nitrogen gas pressures at tempera-
tures between 1373 K and 1523 K. A correlation between the nitrogen concentrations and NKa intensities
was represented as a straight line. This can be used as a calibration curve. A coated multi-layer X-ray
dispersion element, specifically designed for NKa, was used as an analyzing crystal. A nitrogen concentra-
tion of ¢ phase which appeared as a second phase in a Cr-40Ni-5N alloy equilibrated at 1523 K, was deter-
mined by utilizing the calibration curve.

A ZAF correction method developed for light elements by RusTe and Gantols was confirmed to be better
suited for nitrogen. Nitrogen concentrations of 7 phase : a nitride with the metal-atom arrangement of £
manganese, which appeared as one of two or three phases in both Cr-40Ni-5N and Cr-35Ni-5Fe-5N alloys
equilibrated at 1273 K, were determined by selecting Crz;No as a standard specimen for nitrogen and ap-
plying the ZAF correction by Ruste and Gantois. The nitrogen concentrations of the 7 phase determined
by EPMA were confirmed by average nitrogen concentrations in the specimens determined by an inert gas
fusion method.

Key words : quantitative nitrogen analysis ; di-chromium nitride ; nitride with the structure of 4 manganese ;

electron probe microanalysis ; coated multi-layer X-ray dispersion element ; ZAF correction method.
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MTRTHPCERBEORVFENE L &5 & 4°
EIlLw, Lpl, BRIFR- FETIRKTHL:
DIEREREL L L CHME R FERTAI LR TELRY, £
CTE{tEREERB LT A LR BN, THBHET
H—Hrboiy, BREEZL2EPE VI 2 LiTh
HEDRYBRESNSE., Ihih@BoEERE L LT
HToHIblid, SHCHLVWIKRICHS. 3512, 21k
WicownTit, BHlRGEE e REMEREIIRHATE 2
v,

FIT, 30D ZAF HIEEOHISLE L S NS,
iz oW it Ruste & Gantois® PS8 ITEEH O ZAF
WEEZRELTVA., HoHik 54V EY FeEERE
LT, SiC HORFEEH CKe DBIEMDHEKD S
NAHXIHROFEEBIELTWA, LHL, Ruste
& Gantois DHFENBEICHOARTH S L v ) RFTHR
BIRG s Twin,

FIT, ABIETCEETREBBICTBHEE L LT
LDE # v, #E#EaH & L CERIBEL 9.8~11.4%
D¥YHE % e-CryNy—, AL, ¥Yunrbd 12% OEF
TR T Ruste & Gantois @ ZAF fIEENEHE I
LTHBELTWAIEEHORIILA. 8612, 20K
EEHWT, cHERZELZL2BRBE LD, Cr-Ni-N
=55% B LU Cr-Ni-Fe-N TR ICHN S £-Mn BIZE
it = Y0 nBEFBELREL .

2. £ B FH &

2:1 e-Cr,N,—, B LU e-(Cr, Fe),N,—, HIBHKE O
1

CroN 8L U CroN 10 Cr % —# Fe TE#HBRL /-
(Cr, Fe)oN i3 20 & B R TEAIFBREATHEEZIY,
FROERBIEFONERT & FALE L ERIEO LB
WBEOBREHMLFORAELEWT ML b
ha.

EHEED Cr(99.99%) B XU Fe(99.9%) * IR
$ e LT, #i Cr, Cr-5Fe 38X U Cr-10Fe A& %
TNVNITERATOREESY v 7 ATV EBEER WL
T EREICLY 25g DFEY HERE LTHERLL.
Cr-Fe Z&E ORI, KEFARHEP T 1523K,
3.6 X10°s OHELMBE L L 72. FhZhogHr
5, E&0.7mm BEOHKAEZOUHHL, Thoo
WARRR iz FE S 2T 1373~1523K, &E 3.6 X
10°s o ki L, SR ER T A ZHEAF TK
% L7z SRR EE L 0 ERBRESFRROR
EHAE L FHT A IS ERTHL). BRBED
R 2B -0, BLHOBERTAENE 7.1

Table 1. Nitriding and equilibrating conditions of
homogeneous single phase di-chromium nitrides,

CryN;—, and (Cr, Fe),N;—, .

P Nitriding Equilibration
CraNyj—, n
(10" Pa) Temp.(K) [Time(10%s)| Temp.(K) |Time(10%s)

A 9.2 1523 0.9 1523 1.8
B 9.2 1523 0.9 1523 1.8
C 9.2 1523 0.9 1523 1.8
D 9.2 1523 0.9 1523 2.0
E 9.2 1523 1.0 1523 3.2
F 9.0 1523 1.1 1523 2.4
G 9.1 1523 1.1 1523 3.6
H 9.3 1523 0.9 1523 3.6
I 8.9 1373 3.6 1173 9.4
J 8.7 1534 0.6 —

K 7.1 1513 2.5 — —
L 8.3 1503 1.0 — —
M* 9.1 1523 1.1 1523 3.6
N*2 9.1 1523 1.1 1523 3.6

:2 (CrogoFeo11)2N1—¢
(CrogsFeo.05)2N1—»

X 10*~9.3 X 10* Pa m#F T ib & 7. &t B %
Y= XTI A DORFEFEFICEEHAL, 1173~
1523K TEE 9.4 X 10°s O EILALTE % 47 - 7= 14,
HTENERSTICKEG L. Table 112, £ —X
DELB X UCHEMBEENERT. COXIITLTE
L7 e-CroN, -, 3LV e-(Cr, Fe),N,_, &g,
WL — 2 BMRE T, cUNOMIIHFELEL &
o7z, Fe #&t 21D (Cr, Fe),N,_, A0 &
BHE T EESHEY AV EPMA 12X - THIEEL -
8% Table 1 OMFIRT.

INHD e HPOBRIBEL 7T VY-V EBLUAR
6 7 A FfE 1 (Inert Gas Fusion Method ; UL F, IGF
HELMETA.) TERL, EESNHOEERK L L
TUBOERICH L. IGFEILLIRERBEOEE
i, EEERE L LTH VY — VRIS X 0 S HTHED NS
T3 C, EBLUOHOOHEELH V. Table 1 &
D), KBLULORBICOWTIX, Mwus® OEEREE
BUESE P BN AT, IRFHSEE
DB FRELEE L. Cho 3EED c Hizs
LALERRS, WS Lzt 2 0RBTHBS, HEHTHS S
EERMEREL 72, T T OB W CERBITE o R
B LOHRLEIZ BT 5 NKe R £ JE L7225, B
Fric X posERfbidBg s h 2Rk P 518
—fb&hTw/z, Table 212, ThbOREOERIRE
DEWHERERT.

22 EPMA (Z& 3 NKe #0OBERIE

HREICB I AHEEMT O X BEE X, WRSEHE
PHWTHEL.. EPMAKKX D EEEE+EEL L
S E$5HE, ¥IZ, NKefiZHEFARK 2, BT/
BEHE ) BRI O RFEFHFICE D 2% DIRILES 1,
BROWERE 2R 245100 72T, KifFE T,
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Table 2. Nitrogen concentrations and NKe inten-
sities of di-chromium nitrides, Cr,N; — , and (Cr,
Fe)ZNl—x.

Nitrogen concentration (mass% )
Kjeldahl IGF*?
9.8

NKa intensity
(cps/pA)

Cer]—x
Phase equil.

4617124
5060+45
5089+31
513526
5155+31
5242442
5138438
5195+40
5146+38
516947
5283+53
5397136
4577422
4852+37
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*2 (CrogoFeg11)aN1—x
(CrogsFep.05)aN1—»
Inert gas fusion method

BIHRY CBUOEEF - TOMERB AR L 2. T+
bbb, BROKRERLEKT L7200 ¢ Bz
10X 10 X 0.7mm 2, 72, %32 Cr-Ni-N BLOr
Cr-Ni-Fe-N 64 @ &bk 10 X 10 X 1.5 mm
DKESIYWTH. 22T, e HAAEIIW < TRV
P, TR ER T RETHEACAA R Z 7T E S,
INoDRE %, REYGOHEARIR O % BT,
22X 12X 4mm DK E SIZYJWT L 72 25Cr-20Ni o+ —
THA MROWOR IS AR L. T h S 2 HFE 0.02 pm
DTNVIFERHOTRZLEETHEL, 2%/ —1THE
TR Lok, BUBIC X 0EE L 7. 25Cr-20Ni F —
A7 FA MRAOHWDO IR AR A SR RENC A
YHES oo 7o,

NKeo #1585 O #5381 R#Y & MRS e L
LDE?% v 7z, EBOPEICKE L Cid, —EICHEE
HFIZIHFATE B O 3BUTICRE S NS 7280,
HEZMET o CHENEFNRD Y ) — XDWPE S %
ABEWVIENEETHA. £9, Table 2 IET G ¥
V=X e fHiZH T2 NKe 7774005
NKe #D Y — 7 i % sz, O EIZRER S
BARICE > TEEL 2D T, ZofETTNToOR
FHZB1FD NKa BOME 2 #lE L. 2oloflEs
RIZRDEBYTHB. MHEE, 10kV; Yu—7E&
W, 200 nA; X BECD H LA, 40°; HEEEM, 20s. 4
Frid 3 XCT7u—7%H 1 um TiT - 7-.

2B, SHWBAMTOSEES OSFIZoWTIE, S8
%62 LiF # w72, CrKe, NiKe B X 0" FeKa # 12
T AHEHERE L LTH Cr, #1 Ni 38X O Fe % %
NEHV MOMERMFIIRDEBY THAL, Ik
B/, 20kV; 70— 7&K, 2nA; X HEH B LA,

40°; FHELEERY, 20 s.
3. RBERBIUVEER

3-1 REFZCLIEFREDT

3:1:1 Cr-N ZJTH®D &CryN,—, 254 % NKa
SREE & BRIRE L OB

Table 2 IZ/R$ 9.8 5 11.4% DEKEK*F> A
~L ® 12 fEH D Cr-N ZTtHRD e-CryN,_, FFHcxt
3% NKe D X BEELHIELZ. ChooREEs
FRESY—% e T, 2hUNOHIBZELEL 2V,
TR ZN OB OLKEE S X OHLIRIC B 5 NKa
MOREE WE L7-/5R, MEOIXS 2313 1% T T
otz LhL, FA—REICH1F25 NKe a0y
T OB A LIT kD 2% MEERLL, LTLY
—EMEE B S\, £IT, Table 2 (KB 5% el
? NKe #5EEEE, G 2V — X0 e L E#ERE L L,
CORBEFICHUET A LICL BRI L. o
RE 1pA J7:0 OFHIEE LT Table 2 O BAWICTE
L7z, %7z, Table 2 DR % Fig. 1 R, SOHT,
HEdhid NKa #URED 70— 7EK 1pA 4720 1s Y4
720 OFYEE, #EBRIBEERT. Who e
i, thzn, 10 HOBHEOFHTHY), Kol
Cii7zid Table 2 ISR T LI 1% UUTTH5. e M
FOBERRE L NKe O X MERE &3, X BEHEG
WHDH., ZOEMD NKe EE X, e firbompns
T ey &L, Table 2 IZ/RTHEREZHWT 80% DIEH
X CHREETHLEL % i & — 155 + 487 on + 48.2(1/130
+(en—10.8)%/25.9) 2 cps/pA & 2%, ZOHEB R
HHRELTHYSE 10% OlES+0.1% BEOMX
TEETE5.

Fig. 242, # Cr & 12 fiD e % 272 Cr-N —

5800 T T T T T
<L
% - O Inert gas fusion
& 5400 @ Kjeldaht
=~ O Phase diagram
e -
= .
&
£ 5000 |- =
2 = 4
[
& 4600F 1
2
§ - -
4200 1 1 1 A {
9.0 9.5 100 105 1.0 115 120
Nitrogen concentration / mass®.
Fig. 1. A calibration curve for nitrogen Ke inten-

sities versus nitrogen concentrations in binary
Cr-N di-chromium nitrides, CroN; —».
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6000 — T T T T
O Cr-N
® Fe-Cr-N .,/
m Fe-Cr-Ni-

4000 L Fe-Cr-Ni-N

2000

Nitrogen Ko intensity /cps/uA

Ié’
ch 1 1 L 1 1
0 2 4 6 8 10 12

Nitrogen concentration /mass%

Fig. 2. Calibration curves for nitrogen Kea inten-
sities versus nitrogen concentrations from 0 to 12
mass% in binary Cr-N, ternary Fe-Cr-N and
quaternary Fe-Cr-Ni-N systems.

TR THIEEORERE 0~12% O REEFHEIC
DSVTHHTET. NKe DNy 27572 Fiil
Crizxtd+»llEMeE L, Fig. 21 RTEHI212% D
BEEE T COHMT, BRBE L NKe KL O
BEIAERTHALERET AL, 2OLEIG 453+ 2
cps/uA-mass% N & 7% 1) ¢ A BEHL B T ok o 7o 487
+9cps/pA-mass% N LD b 7% 1 BL/hS L %5,

Fe #5t e #iTH A Table 2 ® M BX U N K
SVWTHfE% Fig. 2 CBATRYT. TOFKREERLT
SFL7: Cr-N o RoBEMEcEo s ¥, RLEHRR
JETH > TH NKe OFHEEIZ Cr-N ZICRDEL D
% %A, Fig 2124, Fe-30% Cr-1.26~1.34%N
DA =257+ A4 FEHRBOKERLBHLTRLE., 20
ERL Cr-N ZTROEREI DD THIMEL T A,
25 IZHIHY D Cr-Ni(-Mo) *— 25+ 4 MEIZEHEE
L7225 i & NKa O & ORRY 5RO 7CBFR

R 0.5% AT ARREFMAHTRLE. ZOfED
Cr-N ZIRDEMREY) THIMET A, $4bb,
fH D Cr 12 Fe B X U Ni M E b & NKe #
DOPEBEIZIKT T 5. Cr-N ZTTROEA 1T LB
HERIE 2w, Fig. 2 D THROBEH L LT e-(Cr,
Fe)sN; ., & Fe-30Cr-N O HlEfE R ¥ #5A 2R b X
FIZEALTH A,

3:1:2 Cr-40Ni-5N ZCA®ICBT S e fiB LU «
Lk E -5

(1)etfihoBFTRE

FUTFERRFOT — 7 BRETEY V8l LT
EELL7: Cr-40% Ni 4% Cr BLX U Cr-Fe 8D ¢
MR OES EFEL XD I, @E 1523K, BFHE 1.8X
10°s, £/ 9.5 X 10* Pa o#tim#Hm A cgEibL, H
LiEEED 1523K T 3.6 X 10°s OE LM% i L /-
#%, K¥ L7- Cr-40Ni-5N =T A & Ok % Photo. 1

J

Photo. 1. Back scattered electron micrograph of a
Cr-40Ni-5N alloy homogenized at 1523 K for 3.6 X
10% s, after nitriding at 1523 K for 1.8%X 10® s under
a pure nitrogen pressure of 9.5X 10* Pa.

Table 3. Compositions of ¢ and 7 phases in a Cr-40Ni-5N alloy shown in Photo. 1.

Analytical method Phase Concentration Volume p;“r‘;tl;i:& " Average nitrogen concentration (mass%)
for nitrogen (mass% fraction (nm) Calculation™? Experiment(IGF*4)
Ni 1.3 0.2762
€ Cr 88.1 0.51 % 276
N 10.5 ¥} 0.4458
Calibration curve™® 4.8;
Ni 64.0
Y Cr 34.4 0.49 0.3575
N 0.1,
4.8
Ni 1.3 0.2762
¢ Cr 88.1 0.51 %
N 10.6 S 0.4458
ZAF correction™*? 4.9
Ni 64.4
Y Cr 34.4 0.49 0.3575
N 0.1,

* Nitrogen concentration in the € phase was determined by utilizing a calibration curve shown in Fig. 1
*2 Nitrogen concentrations were determined by a ZAF correction method developed by RUSTE and GaNToIs?
*3 Calculated from volume fraction and nitrogen concentration for each phase

*4 Inert gas fusion method
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R, ZOMMBIIAVWI Y FTAMD fec-yHE, B
WAy b5 ZAFD (Cr, Ni)uNi_, e O M0 5% o
TWw3Y, WHOSEMK T T8 LR % Table 3 12
Y.

e o Ni B3 1.3% & K728, Fig 1
WCRT Cr-N ZRRICBITZ e e REHRE LTEE
BETRETCEDLLDEEZL. £2T, ¢HD NKa
MEEOMERERL,S Fig. 1 OMRLHREBR L LT e
M DOBERRE L KD 72, #E% Table 3 O EEIIR
. —h, IO e HETFHET D y I NiBED 64%
WK#EL, Cr XY b%wv. 22T, Fig. 2 1IZ2/87 Cr-N
CHADOLETTOEMRERERETH LD L, Cr-Ni 4 —
A7 FA METCHEBTABRRBE Y ERTHDIE
fis LA R #EHE LTHWA L nwEER, =
DHETRD 4R % Table 3 O FERIZRT. e B &
Py HOERSIER LAY, MHOKEES X UK
FEHDD 2o ELEEZ R CHB RO PR
FRELFETAL 4.8,% L h. ZOFEMEE,
IGF W XA 0H1E 4.84% L L —HLTwA. yH#
DEFIRET 0.1% BETH - T, ZOEEEH 50%
BETH-THOTFHERREICZIILALZE LY
Thbt, FHEREE,»S c HOBKBRELSE L
72fEAS, Fig. 1 OBREBRER L L THW 254 E
=T 5.

(2)r P oBFRE

BIIE TH W72 Photo. 1 127R¢ Cr-40Ni-5N =& &
121273K T 1.4 X 10" s OB %2 6 L 7-E D
K5t EF#E% % Photo. 2 IZ/RY. T OBEETIKB®D
AP ALOMIZ M, BRIy TR PO y
HTH5.

ZZT, 7HiE S-Mn RIOELYTH A, Mk

YHOEIEHE W L7258 % Table 4 127 Y. » A4
FUIZIE NI A 39% SEhTwb, DL S % Cr-Ni 4
BEEIHTHEEORBHREIFMEL L2 V. 22T,
Fig. 2 1ZR9 Cr-N ZRACHET AEBB L 020 TF
FIRL7: Cr-Fe-N = LRI T 2EH 4+ BREH L L
THY &, nHROERRE 4.06~4.40% L5,
COxHEFHET D yHO NKe 82 Fig. 2 125
FABREROEY TH BNy 7 750 v FEREIZITITE
LS, Z20BFRBEEI X L#E 2 2. Table 3 DIRL &
RIS, ABHOFEHBRREOFEME IGF ik
BLOHHE 5.0,% % IEL 72455 % Table 4 ® FEISR
Y. YHOBRREXFOLLTVWEOT, rHOEE
MEDHE O ERBE% RO S, Fig 2 OEG %
REHRE LTHBALTRDZ: nHORERE,SEHE
L7 PHEFRBRK L 3.8,~4.2,% &0, IGF i &
BHTE 5.0,% & HEL T 15~23% 1KV, S hid, n

Photo. 2. Back scattered electron micrograph of a
Cr-40Ni-5N alloy equilibrated at 1273 K for 1.4 X
107 s, after nitriding at 1523 K for 1.8X10%s under
a pure nitrogen pressure of 9.5X10* Pa,

Table 4. Compositions of 7 and 7 phases in a Cr-40Ni-5N alloy shown in Photo. 2.

Anaflyticiil method Phase Concentro/ation fVoll:gne p;:t;ttlzctzr Average nitrogen concentration (mass% )
or nitrogen mass 7 raction nm) Calculation*3 Experiment(IGF*4)
Ni 38.7
T (l:\lr . 57.0 0.96 0.6323
.Og~4.4g
Calibration curve® 3.8;~4.2
Ni 71.5
Y Cr 29.8 0.04 0.3567
N 0.0
5.0,
Ni 38.7
n Cr 57.0 0.96 0.6323
N 5.17
ZAF correction*? 4.93
Ni 71.5
b4 Cr 29.8 0.04 0.3567
N 0.0

* Nitrogen concentration in the phase was determined by utilizing a calibration curve shown in Fig. 2
*2 8 3
Nitrogen concentration was determined by a ZAF correction method developed by RUSTE and GANTOIS®

*3 Calculated from volume fraction and nitrogen concentration for each phase

Inert gas fusion method
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b IcEEICEETNS Ni 25 NKe BEZRT &85
oEEZIL Tihbb, ZOBEIE Fig 2 IIRTE
BERERERE LTHAV O TR TOME T <ERR
EYSY (R/ AR
3:-2 ZAF IEZRICL I EFEOER

3:2:1 ZAF HHIEZEOER

b OBERBE* EPMA TEETLHE, L0
&5 RIEEREERINT 00 REE 25, B, 2D
BEIMME L EERBETHIENTELRVOTELL
W h B REL L $A 2 L2 AD, ERMICBNRET
Y EMBEOERRE*EETHEMWHIELT L
v, KFFZE T, Table 1 BX U 2ITR L7 G B
e-CryNg g1 HIR#ERE & L 72,

2T, EEARBBLIUOHABOBRKBEEL o,
cns NKe oM % SIv, In & L, ZAF ®ilEfRE %
SfN(SCi), fN( Ci) L35 L,

IN/SIN :(CN/SCN) * (fN(ci)/SfN(Sci))

A, ZIT, Se; BLU ¢ MEERE B XU
o imonEETHE. FIT, ~RICERLRLAR1T,
2 DIz,

U/ Con M (ter)) = 2In/ (Pen 2 fu(Pei))

DB 2. WIEFLE TR HERBED 1 TH
T, %K, SBUEL BEORE—E LA, ZAF H
FARBO BRI 2RO FIIZ WL 2D FEMRES L
Tw, Ruste & GantosPid, ThIT—HKAIZHW
BNTELHEIETLEIILTRLTLLHERETES
BREEZZVOT, FUBTERICEHETE AR

= ] I 1 I 1 %
o\‘; B O O A Ruste and Gantois

0 OHA Heinrich

2 1200 gma fgc,)=1 7
< - i
=

& 800} o 4 & i
3 i ]
Za0l " % 3 i
z = @

< o -
N

=z

— 0 1 | L 1 |

10" 10° 10 102

Nitrogen concentration/ masss

Fig. 3. Ratios of nitrogen Ke intensity, Iy, to nitro-
gen concentration, cy, corrected by three types of
ZAF correction factors, fy (c;), are shown in a nit-
rogen concentration range between 0 and 12 mass%.

WBELL Z22C, Z2TE—HWIZHVWORATWS
ZAF #EREB0E L LT Henrien'® 0 B2 LD
VF, #k Ruste & Gantois D ED B 47 - /2.
Fig. 3 1%, CryNpgs B £ U (Cr, Fe)oNpgsposo P €
7% & U2, Fe-30Cr-1.3N # X UF Fe-25Cr-28Ni-
0.5N +— 25+ 4 FOLHEMFECH L, FERML
NKa O X #5385 Iy oKD 7 I/ (enfule)) OfEiE
SZRBELOBFREY SOy FLADLDTH S, HEIR3
BN CTHTV, [FBRICEIE L2 ) — XTI E I
F—RBICXVEMLTRLE. Z20EEIDLTHITED
5%, FA—0fB*HVTH ) - AT L ICHBEIRR
%“oTwh, Fig. 3OBRTERICTEY 272585 TR
TEIE, Ale)=1 2 LEBWEERRB IS 2 WYY —XiC
DWVTIE I/oy DIEIZEBERBENEGVITEKREL RS
A H Y, ZAF BEXLETHH I LEERL TV,
Hemrich D HETHIE L - b Diddhbh) >R L2825 TR
T4, WEZHE 2 VB ICERT—EHiS#ES T
W%, Ruste & Gantois D HETHIE®IT S &, L/
(enfule)) D—EH S S ICKEFELSCN S, Ruste &
Gantois 1%, BBrFE L LTRELWY L SiICHoRFE
BEOFEMEIBIEFIE L BT 5 X5 RO ER
BICBET A9 XA =5 —%BIELTWA. ZOHENR
FERMULE ) RBTETHABEOINICLHRATH S
Lidmashs, Doz x5, LT Tk, Ruste &
Gantots DIRFEIZHESWABILE I35 ZAF #IEE
FHVWTEIPOBEREOER LA AL

3:2:2 Cr-40Ni-5N = A8 BIIH e BL U 7 M
HOEFRIRE

Table 3 IZ2/~% Cr-40Ni-5N =& E&H D c fHH 2
HiRE Y, EERE L LT Table 2 R+ G ¥ —X
? e-CryNooy Xl 72 ZAF fiIEEIC L DRk 7. £
72, YHIDOBEFIEE L 25Cr-28Ni +— 25+ 4 MR
CEBT2EROBRERD SR -BFRE I ZAF WE
AHL RS, Z0kER%E, Table 3 DBREMREICX
HREROTEIIRYT. 3 1-2HHTHRNL 2, e
D NiEEIR1.3% LiEW-o, ZAF EEX LT
LREBREBECLYKROZ: cHHPOBRRBRELIZLAL
Lhbbiwvw., —J%, ZAF MEERC X% yHboEFEE
BEREBREICID L OICH~N, Ni 2T 5MIEIK
EVOIRELKELEoTWAD, WTFRIZLTYH,
ZAF #IEFEIC L 2R ICHED EFIE L i o¥Ys
FiREE, 312 HTHRXARERELFHALZGEL
FIFRIC IGF HIC X A iR MR TR EEEI—K
T 5.

Cr-40Ni-5N =& &+H D n HOBFEE%* G >
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% & M % 78 f (1992) & 1 &

1

)= XD e MEHE#EZRR L LT ZAF BIE* L Tk
72453 %, Table 4 O TEII/RT. Fig. 2 D#E*BE
MELTHWTKRD 72 n B OBFEEE L 4.05~
4.40% THol-DZxt L, ZAF WIEFEICX 0 EH L7
EREEIZ5.1,% L% h, ZofEid, IGF EizkaR
HOPHRFZBEOGHEIrSHRE L n HOZFKR
FE5.26% LMXER% 2% OFEFHT—HT 5. BiFET
&, 2D 52% PENEETELHEEWZ BN,
EPMA IC XA EEMREN 2% BEHL I L HEET S
&, Cr-Ni-N ZnRICHN 5 n b O BFKIBEIE, 1=
HFEE L LT e-CroN, -, BARE 2 H 7 ZAF §1F
FICLXDERBRETE0.1% OEBBEETRKDL 2 &
HTEDLEREND.

3:2:3 Cr-35Ni-5Fe-5N W& 2B 5 nfihD
SRIBRE

TNIT Y FERFOT — 7 BRETKS V8L LT

Photo. 3. Back scattered electron micrograph of a
Cr-35Ni-5Fe-5N alloy equilibrated at 1273 K for
8.7X108s, after nitriding at 1523 K for 1.1X10%s
under a pure nitrogen pressure of 9.5X10* Pa.

BB L7 Cr-35% Ni-5% Fe &% 3-1:2 HTHR -~/
Cr-Ni A& L AL L5 HETELL, BEEL 5% iF
MUZAB 21ER L. Thi21273K T 8.7 X 10%s
D FEAILIE % b L 72 3E O KA B FHLA{E % Photo.
3WARY. ZoEEE, Avwary I A D fee-y A,
KDY FFRA MO s HBLXURBVI IR D
(Cr, Fe, Ni)oN;_, e HO=#MH» %5, EHOLE
M B L U Cr-40Ni-5N Z A& BT A48 L
\Z ZAF #iEEXHWTRD 7225 F BB % Table 5 2
RY. e BLY n IR T HBROBER I,
Table 2 I27RT G ) — XD elE AV, 7o, 7
MHIZ DWW Tid 25Cr-28Ni +— 2 7+ 4 MR ICEET
AEFORERD»ORO7:BFRIBE I ZAF BEEHL
7. HMOBERE, FERESL LUK TFERIO
CEMELBELHCTHBO P ERRELIE T2
& Table 5 I2/RT K I 125.2% L %A, e Mo Fe
BLUN BEIELICH 1% LRV, F0OEFEL
B Fig. 1 XBIT5HEMEBMERE LRDOTHITLA
EEDO V., YHPOEFRE L 0.2% LT T, #HKHE
K 17% L —FEP&v, g2z, Cr BLUNi 2
MZ T Fe2%3.4% &N T\wh. Table 5127779
2, BREEBLUOBE RV B RRE o EHEe
IGF S X B0l 5.2,% & X —FHLTwa, Pt
DIEFHS S, Cr-Ni-Fe-N Mt RICHEH NS nHHOEE
#E S Cr-Ni-N =R OB A L AL ZAF #iEk*
AWCTHSEHEO BT LHEZROLI LN TES.

4. #

EPMA # w8t oEFHretLvigkE#E
KBUTAEFEOERIMNME*HITAIEHERE L
T, 9, Cr-N Z% D e-Cr,N,_, HAHRE IO+

=

Table 5. Compositions of ¢ 7 and ¥ phases in a Cr-35Ni-5Fe-5N alloy shown in Photo. 3. Nitrogen concentra-
tions were determined by a ZAF correction method developed by Ruste and Ganrois®.

Phase Concentration Volume pzk-:;tyiecteer Average nitrogen concentration (mass% )
(mass%) fraction nm Calculation™® Experiment(IGF *2)

Fe 0.1 ay 0.2760

€ Cr 88.3 0.22
N 10.8 S 0.4456
Fe 3.4

x N 3-8 0.61 0.6335 5.2 5.2,
N 5.09
Fg 12.3

Y Ni 372 0.17 0.3587
N 0.1,

* Calculated from volume fraction and nitrogen concentration for each phase

2 Inert gas fusion method
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% NKo #sFE L BERE L OBFRERD . ZORBK
PREHELTHVWAZ LIZLY, Cr-Ni-N =THIC
B AEHABCH A LS FOBRIRE 2 BHERE
L7, 512, e M TH 5 CroNog NH #HEERL
¥ L7: ZAF WIEEIC X 2B ERREDOEEEZH
A, LT ZiEmiis.

(1)BEHRRESHOSEE L LT e-CrN,—, #M
KEOTr VT — VEB X UOREET AMREIC X HEHR
HapE - NKa B X WERBERICH 5.

(2) (1) BTAHERBHRERERL LTHYD I L
I2& 1, Cr-40Ni-5N =LA 4:1C 1523K € 3.6 X 10°s
DBELRETHNS c PO EFRELHEICER
THIENTED, IOBFEBREIL, e-CroNog Bl
b EREAE L L ZAF WiEX L TROAEE 1L
AEEDLL RV,

(3)BETFEICH LT RustE & Gantois 25FEFE L /-
ZAF #IEE i, RVWEFBEHRBICY LT, 1ERk—&
BCHCWORTWAREELDOELVWHREEX 5.

(4)Cr-40Ni-5N =& 4& 8 £ ¥ Cr-35Ni-5Fe-5N
WL E44l B85 FE A ICEHNLSL, Smass% BRED
BEFEETH s HPOERBE L, BEXABE LT
e-CraNoo1 AP #H /2 ZAF @IEEICXI D +9
DEBBETRODAIENTESL, TOBRBEIE, &
TEPE N 2 BRI & B RBEOFHBERIRE O DI
BIELWHERTHIEMNTE.

e-CroNi_, DT VY —VEILLBPMOFHE L bR
7230 B ARBSK (R 8B — M R T R E e R v & —
OFACBRB - LET. T2, NEEYT A@BEICX
AR E LERERFRLFERRER -2 -2 ) 7Tt
5397 AEBRZORBEFHLLbDT, XEEEH

HicE#H V22 L. LDE 46K S BEAEF (B »
LMW DT, I OO BRI CERE R
EMRRICE > TITDORALDTHLH I LA LTHE
*RLIT.
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