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A Quantitative Analysis of Solution Nitrogen in Cr-Ni-Mo
Austenitic Steels by Electron Probe Microanalysis
Nagato ONo, Iiaru TAJIMA, Shigeru SAWADA,
Masanori KAJIHARA and Makoto KIKUCHI
Synopsis :

Five 20~25Cr-Ni-Mo austenitic steels were prepared with a nickel concentration range between 5 and 28
mass% and a molybdenum concentration range between zero and 4 mass% . Five series of Cr-Ni-Mo aus-
tenitic steels with different nitrogen concentrations ranging from 0.01 to 0.76 mass % were prepared by nit-
rogenizing under different nitrogen gas pressures at 1523 K without changing the matrix composition.
They were used to make calibration curves between the nitrogen concentrations and NKe intensities. A
coated multi-layer X-ray dispersion element, specifically designed for measuring NKa intensities, was used
Correlation between the nitrogen concentrations and the NKa intensities was rep-
resented by a straight line. Gradients and background intensities for five calibration curves are all the
same within the present experimental accuracy. Nitrogen partitioning between ferrite and austenite in du-
plex stainless steels was determined by utilizing the calibration curves for five Cr-Ni-Mo austenitic steels.
Nitrogen in solution both in ferrite and austenite was analyzed with an accuracy of +0.02 mass%.

Key words : solution nitrogen; Cr-Ni-Mo austenitic stainless steel; electron probe microanalysis; coated
multi-layer X-ray dispersion element ; nitrogen partitioning ; duplex stainless steel.

as an analyzing crystal.
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L &M %> 25Cr-20Ni-0.59N *+ — X 7+ 1 + 4
FEER Lo L ZIZHE S B CroN ORI VIRHTHICRE ) RK
ICHAPORFREL L, 0.3% BEOBEBEXR
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WMEEERBEL TS, LY © EPMA Y HW/-%8
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BSRR O EHEFES v AT v ERERH V7 — 7 R
W& 30gDKRy VL LTHERLE. Ihbn
W AEEPICHZH ALK, 1473K T 8.6 X 10*s
DB % R L 7. HEACIKEETIZ, 25Cr-5Ni 58
27254 VB THDH, Zof4EEOMI T~
TA—RTF 4 FHEMTHo 2. HREFER ISP
TEHERLIEHOPOLESIC LB, BLU
T EBCTERL2EEHOMOBRESREY AW
EPMA (X A4 % Table 1 2R3, $NTHHFEHL
ANF-HFRECL > TEELA-EBHANS X OREY
A A G@fE{E (Inert Gas Fusion Method; L F Tt IGF
EEMETS.) KLV EELAERIBEY Table 1 12
FEINCRTY.
BRBEKEDE L 5 —EDBFIFM Cr-Ni(-Mo)
F—ZXFF A4 FAEROLIICLTERLL. 9, 5
MEOBELFEE* 60 X 15X 1.5mm DK X X (2H)WF
L, ShoDBIREABICHER Y 29T 1523K, 8.6
X10's ORENEEHL, BERH+BE/AFEK
PTG L. BEEBERIE, CoORET1.5mm B
BOEsFERROBRTAEN L PHT 51 +5 kB
BThr SRBREORRZLIAHE2BL-0IC, B

Table 1. Chemical composition of steels (mass% ).

Steel C Cr Ni Mo Mn Si N

25Cr-5Ni — 25.44 5.16 — — — —
(25.44) (5.16) (0.22) (0.20) (0.006)

20Cr-10Ni — 20.50 10.20 — — — —
(20.50) (10.20) (0.00) (0.10) (0.018)
25Cr-28Ni 0.002 25.22 27.40 — 1.44 0.58 0.104
(25.40) (28.10) (1.65) (0.68) (0.113)
25Cr-28Ni-2Mo 0.004 24.70 28.23 1.94 1.49 0.28 0.052
(25.39) (28.52) (2.04) (1.64) (0.49) (0.062)
25Cr-28Ni-2Mo 0.002 24.56 28.14 4.11 1.37 0.49 0.125
(24.63) (28.12) (4.43) (1.84) (0.63) (0.130)

() EDS for metallic elements and inert gas fusion method for nitrogen
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Fig. 1. Nitrogen concentration versus nitrogen

pressure during nitriding at 1523 K for 8.6 X 10* s
in five Cr-Ni(-Mo) steels.
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Table 2. Gradients and background intensities of
calibration curves for nitrogen Ka intensities ver-
sus nitrogen concentrations in Cr-Ni (-Mo) au-
stenitic steels.

Gradient Background
Steel (cps/uA-mass%N) (cps/pA)
25Cr-5Ni 384113 209+7
20Cr-10Ni 398+17 1975
25Cr-28Ni 397124 205+8
25Cr-28Ni-2Mo 382+12 2004
25Cr-28Ni-4Mo 369+14 196+4

A7FA PEMETHE. ZHHBEOHABII>VWTIE T =«
A4 b&F—2F5F 1 + D NKe #3#E O FHUE % F1
ZEHRIPBAE 2O VTR L7z

Table 2 (2, BHICOWV TR L -REROMEE LE
WMOYKRTHAHN Ny 2 7oy FiEEZRYT. FHFRIC,
95% DIEERXMB CHELELBL /- & FDBRELR
T. ERER B HHEEER, BEHN3~6% T,
Ny 2Ty FHMEN 2~4% Thb. ZDET,
25Cr-5Ni 12> Tid Fig. 2(a) ICEHLTRT L
2, BHEAEE -/ T7 294 A —AF 4 D3
BEOBEER, SRKDMETH S, 20Cr-10Ni B X
O 25Cr-28Ni i 1} HREMHROM & 1%, 25Cr-5Ni 5
DIEE LEFELCTHAH. Mo RIMDEHE % K7z 25Cr-28Ni
B AEEE, —R Mo EOMMIZAEVEA LT
WA, Zhix Mo @ NKa #2332 EEWRIRE L
Fe, Cr, Ni iCH~RTHBERKEWIZ itk b LBRT
XA, LdL, B+ HKI124% O Mo FmlNic L 3
HEI/PIE L, Mo BIRMOBE L DEIHKEIEEL A
LT ZENFERTHS.

Fig. 2 KR L7 BREMD 0.5% BRBEIIBITS
P/BHiz2EBETHA. T4bb, NKae OME I
THENy 775y FHEREEIIKE W, NKe o
MBIZBIBNy 2779y FEEOLSBHBICLHE
L FRD DI, #iHkd Fe, Cr, Ni BX U Mo I
B35 NKe il E— 7 (ETO X HEExPEL 7.
ZO8E, NKeBOMEICBTAN Ny 2757 Fif§
B, #iFrD Fe BXU Cri2owTidv3id Table
2IBIARBHBOYKFICITIFEL p o 7275, Mo
Ni 3 XU Mo Tt 242:9cps/pA B X ¥ 233+ 4
cps/pA THo7z. FEDNy 2 779 Y FIBERLT
LM TREDETNOEM T L I % 5%\, Table 2
WCRT X9, 25Cr-28Ni fIC 2 BXL U 4% D Mo %
BT AEN 2799 FIBER—-RETLTWVWS X
IR 2B, Hi¥D Mo DNy 7759~ Fix Fe, Cr
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Fig. 3. Ratios of nitrogen Ka intensity, Iy, to nit-
rogen concentration, cy, with ZAF correction fac-
tor, fn (¢;), are shown as open symbols for five
Cr-Ni (-Mo) austenitic steels. Ratios without
ZAF correction are also shown as solid symbols.

HBLDTELEWEEZLDONBRTHS. NiL, 2 ki
DALE X NKa 0 ¥ — 7 fIEIZFE V728, Niid NKe
MOMBIZBI DN 27777 FBEERELSTHT
Bz HBH. £2T, 20~76% OHEHFAD Ni gFE0R
%% Cr-Ni A= 2754 FR%x T NKa iR ¥ —
IBIZBIBN Yy 275y FRBEDRIE 2T 7.
30% T Ni LT NKe i ¥ — 7Bz BT
% X #¥ASEEE X Table 2 1278 L 7Yy 08 o Jll5E iR 2
#HEANICH -7, T4hbb, RETHV -EBMED
HPEATIE, FREROYH ThHSH NKa BOMEIIBI
BNy 2Ty FREE—ELHmIhb.

Fig. 3 12, Table 2 iZ/R L 72 5 f# ®» Cr-Ni(-Mo)-
NA—ZX7F+4 MAKCBITA2REROMEE L BATR
T ORISR Rz X 9, AP O Mo IBEASHEMT 5
EREROEE IDLTHTIEDBAIVNE & HHERHFE
HHNA. NKe M OEEICKT % BAHMKOFE T
ZAF BIEIC K > THUDBRS 2 ST & . ZAF R
BV ODPDFEMREINTVEN, BEDLVIEE
FiPIcx LTS Ruste & Gantois ASEEILHE, JFICRE
R L TRELAFED 2okl ) bEL T
AY. FZT, ZZTIiZ Ruste & Ganrois @ ZAF #1E
FErHCTREAROMEY R L. G&P0BEERER
Ex on, ITDRBREY ¢, ZAF f1ERE % fule) &
T5&, NKe OWBE Iy % onfulc) THS22fHIZE
SHEPENL T —EEE 525, on=1% IIKT
% Iy i& Table 2 IZRTHEDOETHSH. T EHETS

— 182 —



X#2A42787F 549 =255 Cr-Ni-Mo #— 257+ 4 MR B 2EBEZOEESH 183

Ty b+ LAOFEMET, fc)=1DHFEICHLL.
HAHBEDO R L A S EEOMIIH LT fiu(e) ZEHL
I/ (enfu(e)) % Fig. 3 CHMAIEITRT. fule) o8
0.4 BETHAH7-012, Lv/(en fule)) OREITEIEN
TRLZMED 2.5 BFEICR > Twh, Fig. 3 T,
ZAF fHE X 5 T Mo 2 X 285 MIiCi3HE
Xhb.LdL, Fe, Cr e XD EERIUREKEOK &
WINi OB RN TELL, BELHT L LAR
—HEbTFrTEdbHHIKELC RS, 22T, MIELHE
&7\ Table 2 IRTEIZ TN THERZE#HET—%F
THHEALTONERTHA. Tihbh, KRS
i¥% Cr, Ni BXU Mo DIREHFETIX, EREMKOE
BLERTLIELERRBE L NKe D X R L
DEEE 1 KORBHME LTERTIENTED LIRS
ha.

5 f%® Cr-Ni(-Mo)-N #— 25+ 4 MR T 5
FTRTCOBREHROFEY 2 Lo -EBOMEE L B LT
cps/pArmass% N C, /Ny 7 7775 > FiE 201 +
2cps/pA ThHAH. ChoDEEHVDE, HE/(Ny
2770 FEE)'? CERSINARERT I 27
(cps/nA)V%/mass% N & %= 5. FHFFEIZBIT S Cr-Ni
(-Mo)-N #— 27+ 4 FHIZB W HREROKERTF
1%, Roe & BeLL'V |2X 5 Fe-N R+ 5 REHOME
& 130 cps/puA-mass% N, /S» 7 75 v v e 360
cps/pA DSBS N5 7 (cps/pA) % /mass% N OED
415, BIESH2H 25Cr-20Ni A — 27+ 1 MRIZSHK
& LT STE 2 Vv THEBP O TR REROME
& 500 cps/pA-mass% N, /Nv 27 75 %7 v F 840 cps/
pA DA D 17 (cps/pA)?/mass% N © 1.5 5T
5, ZokBETHLHISNA XS IC, LDE #f#HT L &
NWo 2759y FEZRIBICTIFAZ LA TEA. W
FTRIZLTH, ZOEITREWVIZERLBAIMEL 2D,
AR DA Cr-Ni(-Mo)-N #— 257+ 4 MEOKE
BMICEIBDMEEREEIELS 25, COoORERETHVS L

0.5% NERIBE2+0.02% BEORBETERTE 5.
3:2 ZHATFUCLARCHTIERD o L 7y EH
Do

3-2:1 25Cr-5Ni

25Cr-5Ni # TR FIRE S 0.096, 0.099 B XU
0.49% DO 3IFEOHEAB Z e & YOZHE L -
7z, o DRMOMBGHTHER % Table 3 IIRT.
IhSnfEiz 1473K 12813 5 Fe-Cr-Ni-N WL R D
o/ y ZHE A T4 Y OMEOMEBERT 5. FRENE
BRI AN —SEHECK DL, e BXOy
M o&BMEIE % h#h 25Cr-4.5Ni B X0 22.5
Cr-6.5Ni ~24.5Cr-5Ni Tdh - T, FHMETH %
25Cr-5Ni IZiEVvy. 2T, a BX U yHHD NKe #Hik
FEOEMURKRELY, Fig. 2(a) IR T HEAME L % - 7-
TxI4 bexr—RAF+ A+ 3FEHD 25Cr-5Ni §I
WY HBRIRE L NKe MHE & OB ERERE LT
AWTENREFNDOHDOBRBE RO, COKERD
Table 3 I1Z/RT. ChODERBE LAY, AEEB X
UEE»S SABOTFHERBELFHE L. Table 3
WORT LIS, 3HEBORBC B EHERBE O
BiEE IGF Bl L A0 ERZhEFn X< —HLTw
%. Table 3 128 T, 0.096 XU 0.09% NHEF%
EU2EEORETCRERDOH 80% %7 x T4 itk
Hh. IO, FHERREL, 0.35% BEOER
BELEETSH YHOATIHETE ST, 0.02% BED
e iR OBFREIEEKCEOIEGRZA TR 21 B
XU5% IETAH. Thbb, bL el BTIERE
rELRELTCTFHERRELHETLA L EZEREN
0.072 B X1 0.088% & %=1, IGF #iZ & 5 5H1fl L
DOHXEEAEAZNEFN 25 BLU11% &%5H. ThdHD
KRE»5 b6 AH L1, Fig 2(a)i2iRd 25Cr-5Ni
WA L EEEREFEREORER L L THW SRS
BHEIZE-T, yHREL Y TR a HFORBER
BxIhITilldBontho BlERECRET X

Table 3. Compositions of ferrite and austenite in 25Cr-5Ni-0.1 ~ 0.5N steels homogenized at 1473 K for

8.6X10*s after nitriding.

Pro* Phase Volume Concentration (mass% ) *? Average nitrogen concentration {mass% )
(10* Pa) fraction Fe Cr Ni N Calculated valve™3 IGF analysis™*
0.87 ; 0:253 no 53 i 035 0.003 0.099
1.08 ; 0363 %:9 26 .54 058 0.001 0.0%
2.06 7 0:805 6.5 5 508 0.97 0.500 0.492

* Nitrogen pressure during nitriding at 1 523 K for 8.6X 10*s  *2 Determined by EPMA  *3 Calculated from volume fraction and nitrogen
concentration determined by EPMA for each phase *? Inert gas fusion method
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Table 4 (2R TALFEMB D “MA T~ L A5 (Zeron
100)® 3412 1373 K T 7.2 X 10° s 0¥ E L %
MeL7:%%, 1323, 1373, 1423 BX U 1473K 0K RE
T 1.8X 10°s OFH{LMBEER L 72. S h b OFEFO
YBE a P OEBEMKE T ANF—SHEIC LD
L7k R% Fig. 4 1I2RY. yHICHSN, eflidwy
NOBEIZB VTS Cr, Mo BEXU W BE»® <, Nj,
CuBLU Mn BEREL 2-Tw3, YHOSEHK
& Cr 75 25%, Ni %% 10%, Mo %% 3% #ETH U, Mn,
Si EERIBEOREMRIMER A L 72 25Cr-28Ni,

Table 4. Chemical composition of a duplex stain-
less steel (Zeron 100)(mass% ).

Cr Ni Mo Mn Cu W Si N C Fe
24.8 8.17 3.75 0.81 0.81 0.58 0.46 0.215 0.028 Bal
O Austenite O Austenite
0 Fferrite O Ferrite
61 144
jo!
o Q
Fet® o g cu o
o z B 8 3
55 04
kil 12
i §
Cr Mn
E © -4 e L
s e L
23 08
% 14
5 " put a
g e o e §
té Ni o w §
(=} a8 (=4
§ . ;
6 08
a a ol a8
Mo Si %
© o o o 5
24— + o 05—+ + =i
1323 1373 1423 473 ~ 1323 1373 1423

25Cr-28Ni-2Mo, 25Cr-28Ni-4Mo fl & FILEETH Y,
ZOMMo W, CulgEdb<, 3-1 HTERMICHEL
rEEOREBREAVAIENTESL. —F, alihD
Cr i 29%, Niid 6%, Mo i 5% E<T, YHOER
MR E RIBICIEEDL V. e MiCoW T, BESTFH)
HTE&2BFROBMBHRIFIEL 2V, SBEMABHE L
THNITEBHROBEREE yHTH-Th e HiTH-T
bEILEZEZONADT, 22Tk YHICE L TEE
B SRD 7 REBHD e HICOFIHTE D DD LIRET
5.

BFEARICBTD v & e HIBEZMES 2V E
KA EFHKE CIIHBIIRRXTE LW D, —D0D
AEHIA L, SR BRSSO NKe #EEEO HIE %
B b 40 BAT - 72, S ORERERE, v BAHMEE,
o BAHEBZE LT rBLU e HEAHEEA» SO 3
DWEICHBEICSETA LN TESL. INDEHITLT,
YBIY e WA LERZR 10 HEE O NKe #58
BErlEL, ZhEhoFHE s BEEREELR. Ch

Fig. 4. Compositions of austenite and fer-
rite in a duplex stainless steel (Zeron 100)

;

Temperature /K

Temperature /K

equilibrated at 1323, 1373, 1423 and 1473 K
for 1.8X10%s.

u73

Table 5. Nitrogen partitioning between ferrite and austenite in a duplex stainless steel (Zeron 100).

Nitrogen Average nitrogen concentration (mass% )
Tem;(:;{r)ature Phase X :]c'i‘;:')‘; concentration

(mass % Calculated value * Chemical analysis
1823 ; .65 o5 0.216
: o1 %

0.215

1423 . 9-509 P 0.213
: T 28

* Calculated from volume fraction and nitrogen concentration for each phase
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SOF B RICHETE, 5 HED Cr-Ni(-Mo)-N # —
25+ A4 MRICOWTESLL TEORBEEREH W
TrYrBIF o HPOBREREL KD/, ZO/HRL
Table 5 1283, #hFhD yBLUY a HPOERE
BT A E8FE Y AL 5 LHETE0.02% 2
EThbD.

B FHCRECBILIAMPOTHERREL v B
SO e WP DEFRE, AEE? BIUOKE»SEHE
L7:. Table 52k, “h oD FEHBEFRENFEMES
ILEGHHERTH S 0.215% LAdbETORLE. T
TOREDOTH LRI B W, FHEEREOEMH
AL EE B LB LTWwA, ZOFETHE, 7
HPoBFRRBEFSFABOFHERBREORN 2RO D
A%, Table 5 I2RT L2 0.1% LTOEEBED o
HOBBENRKEVLDICTEHERBED 8~19% %
A, Bz, 1473K OFE LA BV TE o M
OEKFERIL 54% THAH., ZORFT, b L aelfidnzE
FEEYBELIRET AL, ABOTHERREOEHE
2 0.176% = A, ZOfEEAILESHE 0.215% &bt
BT hE 20% OMEAREICK DL, O ENLD,
ARFZECHER L 72 Cr-Ni(-Mo)-N #+— 2 7+ 1 MR
WTL2REORBBELHVWA I LIZLD, Zeronl00 i
BT yHF0A LT a HPICEETL2ERBE
¥ I CHEN LD > MBETERTEE I LIRS
n7.

4. # B

EPMA # WA BROEESTHELHILT A L &
Bige LT, £¢, 5HED Cr-Ni(-Mo)-N A — 27
+4 FRICH T S NKa SBHE & SRIBE & ORBRE K
Wiz, TOBBRERBHRELTHWSZ LIZKY, —H
25 v VABIIBITAEFED a & yHEOSEREF~,
DTk nikmiisr.

(1)5FED Cr-Ni(-Mo)-N #— X7+ 4 FIZE
i} % NKa I §~<T, 0~0.8mass% DFEEPITE
FRE L X VERBRICHS.

(2)5 EEHOMII OV THRONIREROBEEB IV
BEBOYMBE ThHINy 2 75wy FiilEx, ERE
DHPHT—ETH 5.

(3)AWFEEOMBEHE TN Y 7 757~ FRENF—E
L hZ %, #Migd Fe, Cr, Ni BLUF Mo 26T

WO Cr-Ni #— 27 F 4 M D NKa fOALE I
BUAXBEEMNTHI LICLDiELDT.

(4)REHOME X IIH$ 5 ZAF WIERRILE 155
3% BETIhLICTEY, AFROMKEF T ZAF
FHIE % R LB v,

(5)(3)BLU(4)DIERICKESE, KIFFRICBITS
Cr, Ni 8L Mo OiRE#PATIE, SBRHAKOELES
EZRTAHERL, BRIBEL NKe BMEE L OBR%
1RKOWBERE LTETIENTESL,

(6)(5)CHES5R7 Cr-Ni(-Mo)-N A — 2741 +
BIoBIAHRERE L NKa SR L ORISR TEMR
PHREHRELTHVWAZ LIZXY, THAF VL AHIC
BUFA yHPICEBETABFRBEE» N TL L affirh
DEVEEFIRED £ 0.02mass% BEOEEHETKD
BIENTES.

NEW T ARMBEIC L AEFRBEOERE, WL
KEBRFIFWMEFR =2 —2 )T €73y 7 AFERET
To7:50TY. ZORBOFHNEREEG 2 ON7H
MZHEsy, e tbioE#ve2 LY. LDE 4
5.7 AR N A€ JRNE o ARVATAIRYAR N kGl A
72, THAF L AR s F L Ay —HEEER
% — @ Loriver B3E D S22 0 TY. KW
D—EBI LM ERER R OTIREZ T b0 TT. U
LEELTERFOTLELIET.
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