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Effects of Alloying Elements on Toughness of Austenitic Heat Resisting
Steels Containing Nitrogen at Room Temperature after Aging

Teruo TANAKRA, Shozo I1zumi, Kazuo HosHINO, and Tokio Fujroxa

Synopsis:

The effects of C, N, Ni, Cr, Nb, Mo and B on the toughness after aging at 700/900°C has been in-
vestigated in 19/259;, Cr-8/229, Ni steels. The toughness after aging has been evaluated by V-notch

Charpy impact test at room temperature.
The main results obtained are as follows.

(1) The toughness after aging was remarkably reduced when carbides,

M,;Cs, and nitrides, Cr,N,

precipitated at grain boundary and twin boundary. Therefore the toughness strongly depended on the
contents of G and N. Ni reduced the solubility of C and N, so that the addition of it in excess quan-—
tity promoted the precipitation of carbides and nitrides, and consequently reduced the toughness.

(2) The addition of Nb or B in suitable quantity improved the toughness after aging, because those
elements suppressed the precipitation of carbides and nitrides at twin boundary and simultaneously made
the precipitates at grain bonudary to be fine and discontinuous. The addition of Mo within 19; slightly
improved the toughness, but the addition of it over 19, reduced the toughness. The addition of much
quantity of Mo promoted the precipitation of ¢ phase at grain boundary and consequently reduced

the toughness remarkably.
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Table 1. Chemical composition of specimens (wt%).

Specimen C Si Mn Ni Cr N Nb Mo B
N-1/2/3 0.10 0.6 | 1.6 8/10/12 | 19 0.15 _ _ _
N-4/5/6/7/8 | 7 | 7 | 7 [10/12/14/16/20 21 0.16 — — —
N-9/10/11 v | v | 7 | 16/20/22 25 0.18 _ — —
N-12/13 0.06 | 0.6 | 1.6 8/15 19 0.15 — — —
N-14/15/16 y | 7 | 7 | 14/16/20 21 0.16 — — —
N-17/18 v v | 18/22 25 0.18 — — —
NN-1/2/4/5 | # | # | # 14 21 10.02/0.11/0.23/0.25 — — —
NG-1 0.03 0.6 | 1.4 14 21 0.27 — — —
BN-1/2/3/4 |0.06|0.6 | 1.6 14 21 0.22 8'25?'3 — —

B NM-1 ” 7 ” v ” y 0.2 1.0 -
BM-1/2/3/4/5 »# | » | 7 y y ” — 823/8)g/é° —
BMB-1/2 v | v | v z z — 1.0/3.0 | 0.005
B B-1/2/3 I A , , , B — 0.0002/0.005
BBM-1/2/3 | » | » | # ” v v — 1.0 |0-5092/0.005
BNMB-1/2 | » | #» | # z » v 0.2/0.7| 1.0 0.003

foo E e, RRRUEUME &AL RLeiddofEE, i
B3R X OWTHEE & ORI 2T HIRE L.
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Fig. 1. Effect of aging time on the toughness after
aging at 700, 800 and 900°C.
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Fig. 2. Effects of G and N contents on the tough-
ness after aging at 700, 800 and 900°C for
1 000h.
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Fig. 3. Effects of Ni and Cr contents on the tou-
ghness after aging.
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Fig. 4. Effect of Nb content on the toughness after
aging at 700, 800 and 900°C for 1000h.
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Table 2. X-ray diffraction results of residues extracted from several steels aged at 700
and 800°C for 1000h.

700°C x 1000 h 800°C x1000h
Specimen
. . Amount of extracted .. Amount of extracted
Precipitates residues (wt%) Precipitates residues (wt%)

N-6 — — M,;C —
N-8 — — M3 C 6+ Cr,N —
NN-1 M,;C, 0.56 M,3Cs 0.19
NN-4 M23CG+CIZN 0.59 M2306+Cr2N 0.66
NN-5 M,;C4+Cr,N 0.82 My G+ Cr,N 1.28
NC-1° M,;3 G+ Cr,N 0.41 M,;Cs+Cr,N 1.17
BB-3 M,;C, 0.50 M,; C+Cr,IN 0.78

_ M,; C¢-+Nb(C, N) Cs+CrN+Nb(C, N)
BN-1 286 +7 phase 0.87 My Ce 2 17 phasé 1.38

Cs+Nb(C,N) M,; Cs+Nb(C, N)

- 23 6 23
BN-4 T 7 phase 1.82 +7 phase 2.06
BM-3 M,3C¢+Cr,IN 0.89 My; G+ Cr,N 0.87
BM-4 M,; G4+ Cr,N 1.21 M,; G+ Cr,N 1.34
BM-5 M3 C+Cr,N-+ ¢ phase — M,; C¢+Cr,N+ ¢ phase —

The under line denotes the precipitate showing the strongest intensity in X-ray diffraction of extracted residues.

Table 3. X-ray diffraction results of residues extracted from BNMB-1 and BNMB-2 steels

aged at 700 and 800°C

BNMB-1(0.06C-21Cr-14Ni-0.22N

BNMB-2(0.06G-21Cr~14Ni-0. 22N

Aging -0.003B-1Mo-0.19Nb) -0.003B-1Mo-0.73Nb)
condition Amount of extracted . Amount of extracted
Precipitates residues (wt%) Precipitates residues (wt9%)
° M,; Cs+Cr,N+Nb(C, N) M,;C¢+Nb(C, N)
700°Cx1000h V236 2 +7 phase 2.12 28 +7Z phase 2.63
M,;Cs+Nb(C,N
800°C % 200 h M2306+Cr2N+Nb(Chi\SI()g 1.35 23 Ce+Nb( ,—l—)Z phase 2.36
M,;C ¢+ Cr,N +Nb C,N M,; Cs+Nb(C, N)
7 X500h 2 e 2 +Z( hasg l(ﬁq * +Z phas,e—}—aphase 2.39
M,;C4s+Cr N+Nb(C N) ; M,;; Cs+Nb(C, N)
7 X1000h (2286 M2 +7 phase 2.04 23 6+Z phase+ gphase 3.32
y M2306+Cr2N+Nb(C N) M,; C¢+Nb(C, N)
7 %x2000h +Z phase+ gphase 2.08 23 G+Z phase -+ o phase 5.34

The underline denotes the precipitate showing the strongest intensity in X-ray diffraction of extracted residues.
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MOBEW D, 120 ppm BEE § CREE & b 1o BEAhmm:
EHETD. L, Mo LEATEETSHE, Bog
2 700 3 X0t 900°C DR FE Tk BRI OB A L
T OBRITNXL T B,
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Cr,N, OFHAED SRS, 20 &k, Ni 0k X
ONOERY HFC LA NOBEBBRLET IR 5™
Wb EEr bhb, okl BELOREVR IS
L, 800°C ToHNDEFRIL N-6 T 0.15% TH%
DL, N-8 TF 0.11% ThsLHEEIND.

0.23 ¥X00 0.25% » N%E&HFT5 NN-4 IO
NN-5 @ 800°C x1000h Bz oiiEir NN-1
HihkhkE, Lad NN-5 Tk MpGs &i3iE
gD Cr,N 2B LT\, &0z &1, Thboi
Tl 800°C TONODERERRIZG 0.15% L#EEIID
O LEED N 2&EFLTWAZ RIS, —7,
700°C Gtz NN-4 & NN-1 oifEERSTH
o= EFi, CEMELNEN SV NC-1 o4, 700
°C Tt MysCe 234 <, 800°C Tl M,3Cs X » $Cr,N
MEEFTH LTI, La$800°C Tofb&EixL.17%
THh CEDE NN-5 LigigREThDH. 2Ok
1, MyCe & CrN DREWR X AHHEBHO LD,
% b 800°C Tt MpCe DHTHINFEFTMH S CrN
ORI AMEE I ha®e - LiciEET 2 & 0 LEbh
5.

S¥©, B oBZionwTaBE, BB-3 OffiRX
n, BaaBLTY kvt bxid (Fe,
Cr) B0 e ¥ O HIEED by, Bilkdie Myu(G,
B)¢® & LTHHT A0 EBbhs. BRBMTEE
LCh, 700 3 X0 800°C D\ ORE TH L Of
HE1E NN-4 B:HEiicl) &iEEAEEDLDLIE.
¥, BREHETHL2p Y EoMBpomtEIIEE
A LSS TH D, LY bHELTVD X
51, Biifi ko & imt LB S 2 M3
LEBENRH D EBRD.

Nb #HMTEETHE, GFEN 0.23% LAIET
BHoTh MpuCe IV CrN offiic Nb (G, N) &
L OZ# {(Fe, Mn, Cr)(Nb, Mo)gN; Fl} HTH»:
@b, ChbOWHE Nb BoEME & i
ms5. 7k, Nb wEMTEETIEHAE Nb &
P 1% THOTH o IR Shiedore.

Mo %&ET5E, NN-4 (Mo:#iisl) whl
700 ¥ X O¢ 800°C ToHEBEIARVEL LD, P
BBEShBY & Eoibrb. XL, Mo &8T5
L M,Ce i35 Cr,N OMEII/N S {78 d. &
#-, Mo #¥JT2% FTCHEALTH o HTBH I s
Wi, 3% LeETEE NS EREShI. ok,
Kikucar 5978 Mo &L ENRTL W BEZE = HTH
FBLLTWS f-Mn HEEZLD 7 M {(Cr, Mo),
(Fe, Ni)gNy-y} 3 Shich 27

Table 4. X-ray diffraction data for the Z phase
extracted from BNMB-2 steel aged at 800°C

for 1000.

Present work ASTM values

hkl . - ; .
Lo | 4@y | yn | dd)

001 25 7.39 25 7.39
002 5 3.69 5 3.69
121 25 2.807 25 2.807
003 25 2.462 25 2.462
122 100 2.344 100 2.344
130 70 2.145 70 2.145
123 15 1.908 30 1.912
132 <5 1.851 5 1.855
004 10 1.842 10 1.847
133 20 1.614 25 1.618
124 <5 1.573 <5 1.578
240 15 1.516 20 1.517
241 — — <5 1.486
005 5 1.473 5 1.477
134 10 1.397 10 1.400
333 —_ —_ 5 1.341
051, 341 10 1.333 15 1.335
243 10 1.290 10 1.292
052, 342 20 1.272 25 1.274
006 5 1.229 <5 1.231
135 5 1.214 10 1.217
053, 343 5 1.186 5 1.188
153, 244 5 1.170 5 1.172

Table3 L himd X5z, Mo %1% Liv&H Lix
WEATH Nb 2EATERTS L o lHIBEH SR,
0.19% o Nb &7 (BNMB-1) ¢ 800°Cx 2000h
B CET o BT 2BRE CH D25, 0.73% © Nb
4758 (BNMB-2) T3 500 h i5%hC3Cic ¢ HATH
L, 1000h LI ECiEmnich @ o fHHTS. LiL,
BNMB-2 Tii\ T h ORI E\Th Z HOHTH
Mok H%ys. BNMB-2 ¢ 800°Cx1000h ik
Bl b S h i ZH o XB#EE RS Table 4 1R
. ¢k, Nb 2B &F T3 oM ShicZ
M OXEENREE S Table 4 1R LIcER & IZEREE
Thole. Z HOWHEBEBIL O W TBRT 505,
EPMA X h@ZE3hic Z HoBahERo 1fl%
Fig. 7 &3, Fig. 7 X, Z #ix Cr, Mo, Nb ¥
ITONEZESE LTS Z Edboinh, Tabled Rz
XBRVTHER & bbb T# 42 5 &, Hucues?®, CHat-
wiN 520 AR4%E LT % {(Fe, Mn, Cr) 4 (Nb, Mo) 3N}
HoBsEtyThrd L vrb.
3-4 BPFECREFIEGOER

3-4.1 B RIS TRIED S L OEP OB E

F9, BRI TR DR EY O HpRE
OEBHNSE., N vy —Xfo5s C BEOERD
21Cr-0.16N Zm 900°C E#hts DR L OEBHRER
#%OB;HE% Photo. 1 3. 0.10% © C2&ET5S
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Fig. 7. Electron microprobe line scans for Fe-K,,
Cr-Kg, Si-K4, Mo-L, Nb-K, and N-K,
radiations. Line scans are taken along the
line across Z phase precipitated in BNMB-
2 steel aged at 800°C for 1000h.

a)c) N-7 (7.7kg-m/cm?)
4 b)d) N-15 (13.2kg-m/cm?)
Photo. 1. Optical micrographs and fractographs of
N-7 (0.10C-21Cr-16Ni-0.16N) and N-15
(0.06C-21Cr-16Ni-0. 16N)steels fractured
R at room temperature after aging at 900°C
for 1 000h.

N-7 it, WREBSIOWRBERCONEY (FE LT
RALYD) DEFERCHTE LT 525 0.06% o C %&
BT N-15 Clafifs L OWEER T O FHgES
RONEFETH B, WHErRDE, N-7 cEHhirkR
B IOTAREER 4 Uitk Y 2 L0348 <
BODLIRDDEXL, N-15 TR RE X ONEBRC

a ) Micrograph of fracture surface
b) Fractograph (6.9kg-m/cm?)

Photo. 2. Optical micrograph and fractograph of
N-7 (0.10C-21Cr-16Ni-0.16N) steel
fractured at room temperature after
aging at 800°C for 1000h.

WELLEEIL S SEKOT + v ARED RS, L
b N-15 Tk N-7 i URIPYIEHEETE 345 < 329 B
%. L7ch>C, N-15 Tt N-7 bt LMo E T
DI DI, N-15 CIRRR I L ORGER COWFHE
BARLPTERN CTHD LIk B L Bbh 5.

Vit (F & UTRIES) SRS R BRI AT
LT fGAH (N-7) oEBERRG OMHEEGS Lo
BWE D 1 % Photo. 2 1iR3. WHEERCHOTHHE
BERELTCWAZ L3BETH Y, JEBIC R foie
2 LTI SRR Ol  Th % 2 & 2o
D, TOX5K, FAEBERCIH TR LRy Eisk
FHEHTH L Cn 2881, SHERINRAYEET 0L
FRCASCHAER Y SEIZELS 5. ooz L, #7
HY OB R0 % BRI HRIR DK & FeHT M h s HT H
LIcHE, BROTESCIR > T X 2UNMEEE LEEE D
BV ET B INRE S OWED LEL LT\ 5.

DEDoz & kv, FARIONEERic BT 5 7Y
DOITHIZRRE X » Bz A& S Big b, FhiiRE
B THLE EHBEOETE w2 s, CEBOE
Epik<ic 800 X0 900°C CTHETHDDIT, =D
L O IRALOMHBBRBICTR IN T B D EEL b
ns.

Eie, RRMC RIETRICH DM B TRk E IR
JO=1 Yy 7 2ADBEOmEA BIER%. NN-1 (N:
w7 L) o 800°C Eyshig DK X OiHE % Photo.
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Photo. 3. Optical micrograph and {fractograph of
NN-1 (0.06C-21Cr-14Ni-0.025N) steel
fractured at room temperature after aging
at 800°C for 1 000h.

a ) micrograph b) fractograph (11.

a) N-14 (10.2kg-m/cm?)
¢)d) NN-4 (3.lkg-m/cm?)
Photo. 4. Optical micrographs of N-14(0.06C-21
Cr-14Ni-0.16N), N-16(0.06C~21Cr-20Ni
-0.16N) and NN-4 (0.06C-21Cr~14Ni-
0.23N) steels aged at 800°C for 1 000k.
And fractograph of NN-4 steel fractured
at room temperature after aging at 800°

C for 1000h.

b) N-16 (5.2kg-m/cm?)

3 i, NN-1 Cihids X O RER codr ke
PEFRHTH DT hrb b, TOBREIIILSHDT
4 VIARED LR, BEAERNNERBETHS. &
= %, Table 2 wRL7ck 51, NN-1 o 800°Cx
1000h EEzhs o BN S N RiRib LA Tonw 2 &0 b
Liom b ko, RIEHEDHREL Ty L
2, NN-1 CiraNRZHEL~ MY » 72 ADEKETH
B rEZ BRBHTE LD, FHEPKRR LOBRGEER
IO THRE LT L 0EMTORNEFIEIMS e
T, BN HEE LUNRENRSE £ CHEOKTA
PisnbDEEZBRS. LedDT, Rtk OB
RO ERG TH O T, FHEPI/NSL
Lind <t Yy 7 AP HBREE TH 555 CIIE D

ETFRArnbolELLIRD.

DOER, B RE TSk (C,N) o8>
W5, 0.06C-21Cr-14Ni % HARHARE LT N &
DR L N-14 3 X0t NN-4, F7- NI §HEN 20%
L& N-16 o 800°C pishfg oiifhis 108 NN-4 @
BiE % Photo. 4 1=, N-14 L NN-4 % [t#g35
L, N&&E&ET5 2 & e LBl
CrN O HAMEE I WS = Lk, HED CnN
B L NN-4 offEInE & A EDRSy TRAD S
W IO TR LR R B L, B
BEEZETF LT3, N-14 & NN-4 ¢, Crk X
O Ni EEENAULTHDZ L, BIV CrN 23507,
WEERCHET 2 bk b, BEEEL EONITH
LichED= Y » 2 ADBEIFNEZERESEDLD
T LE2 BbhA. LiesioT, R RNEGH TD
59, oKk CrpN OFfHs NN-4 ofEL2ZE L
CIETERAEREEODTWHEEZDND. DK,
AEON®E&ETSH N-16 & N-14 ZHEE LICHAIC
3, Ni BEoE\ N-16 Ttk bl ke CnN
OWHIMEE S h, FOEEHET N-14 offBEit
LIEV-. Ni 4FEDEV N-16 T N-14 i L, G
K IONOERBEIAMET LT 57D, BHEO< Y
o 7 ADEEL N-14 tHH LEFETFLTWSEEZD
na. Fhiedrsbbd, N-16 TIIEEIKRE K
TFaoembd, HAR CoN OFHETFEZETS
¥BrELBLRS. LIAHT, ZDLE CrN BEIHK
HLTWSDM, HHWECLN E<h )y, 7 2EDR
i SAUNEE LT\ 5 DT T & e 27,

Bl i B e BuE 3 R e s L O CrpN o8
CANTRRTCE A, ¥k B, Nb X0 Mo ©
PR RIS TR B Es X O CrN off S bl
~5.

B H5\ik Nb #7hFh 0.008 %%\ % 0.23%
T B0 800°C BrRhi% DRk X UBE % Photo.
5 RT. BHo v NbaEETsE, HARDES
DEAR AT AT T 503, RIR COMBEBRERS
DEABMNOTEFMHTH Y, LordIEER TON
HI3I3 & A ERBD Bhis. Eie, ThbOEERIES
DT 4 v ANRED LR, EhaRRcRoTAELR
BA b % B E TR RO TR B T B
%, LiepioT, BEOBHS WL Nb &R LIGE
ML HE IR DO, FAERTONEAMH SIS
& AR BT BT BENTEFINC/R D T LT
BETH LD EVLZS, ok, BEIONb2EETS
LI LS RHTHIBENZE LS DIRUT O X 5 ieE ki
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a)c) BB-3 (9.3kg-m/cm?)
b)d) BN-1 (8.7kg-m/cm?2)

Photo. 5. Optical micrographs and fractographs of
BB-3(0.06C-21Cr-14Ni-0. 22N~0.008B)
and BN-1(0.06C-21Cr-14Ni-0.22N-0.23
Nb) steels fractured at room temperature
after aging at 800°C for 1000h.

ES b0 BEbh5s., BiREAR XOWEER O
e IET 229 & &b RIS OHTH 2 3L LBy
BeaWE34. ¥4, Nb 28535 E, & LTH
HIZHiE3% Nb(C, N) BIOZHENCEIONDL
SEREET B, MpCe 33X Cr,N R R oW
HAMEIIh2 2 LB RT%. ¥4, MErik-<#iB
IV Nb OHFL Mo R MATEHET HHAEI bi3
IFRIBRCFED Bivt.

Mo % 0.5~1.0% D&% T 800 35 X T} 900°C miy
HEETHEL LD, ZOxEIL, Mo 0&FIL X
DT REZ D S DRI 5%, HH oMK L BEH
Ihb & & BB RTONHBEIREFICL D Lic
BRTS. —7F, 2% dEFT2E, WHHoOMEALE
MWHZh 52, RACONMBBENEFSH Do & &
Mo DIFIMZ LY < 1V » 7 ADEEL I D DD
BERIIIZEAE R kB0 EBbhb.

3-4-2 WM RIT T oM, Nb(C, N) X0 Z

HoOEE

7, BRI T o HOBE I oL ChRS.
3.0% © Mo ¥&%A7% BM-5 o 900°C R%hi%, fE
B Lcd & OWHEHEL S X OBE% Photo. 6 R
T B LOREDIC X B L, R TOMRD s HER
R R PIC R Te R © o FEDMRHE LT 2881,
BCRD o MBS CEBUMEETHEL TV B, Las
L, 4REZEELMFHNE 0.060-21Cr-14Ni-0.22N %
EARER E T 5B\ TIRR D o HOMHIZIZ L A

a ) micrograph of fracture surface
b) fractograph (0.8kg-m/cm?)

Photo. 6. Optical micrograph and fractograph of
BM-5(0.06C-21Cr-14Ni-0.22N-3.0Mo)
steel fractured at room temperature after
aging at 900°C for 1 000h.

Photo. 7. Optical micrograph of BNMB-2(0.06C-
21Cr-14Ni-0.22N-0.003B-1Mo-0.73Nb)
steel aged at 800°C for 1 000h.

EAxbhF, Photo. 6 KiRT & 51k dicMFcHK
TR e AT LT D, oHBENBEELTCLS
OV ED bh, BERIERCEELEEYE L
T, ZDX5K, BICBHACHKHERD ¢ FH
Pl LI2BE, o B S UERR IR A e )
BIh@EELETL, BB 1kg-m/cm? T
Eleh.
0.06C-21Cr-14Ni-0.22N-0.003B % FAMHR & L 1
%D Mo & 0.73% o Nb %##HA& 4743 5BNMB-2
D 800°C Be%hig oiE4E % Photo. 7 123, BNMB-2
D L 5K ILIIRD ¢ Hr—F OB F T LT,
25 DRFUC BT 5 B bR OV B ILEES T EFL
THhITHEOETIL iz EBEE TR HERE 7.5
kg-m/cm? TH 5.
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DR, Nb(C, N) 83X Z HoEE >\ TR
%. Photo. 7 1% L7 BNMB-2 #8813 5HA
Do <1z Nb(C, N) BIOZHETHD., TDX
51 Nb(C, N) kX0 ZHEbciERRo
HCET 20T, ShboBgr BRIk OE

TriFEE LI 5 cBbhs.

4.

WELEGHETHF— AT F4 F ZWESCOVT, &
BEBFMEGGOSROMME (Rl wRigT48E
BETEOHELYRETSH L b, Rt ZEWs
X e M7c E DT s X O AR O BE I M i U
T OWTIBRE L. BREY L DB EUTOX
Sin .

(1) Egpics JETRIEECFE I D\ T
1%, 900°C TOMMEDE TR L& A7 As, 700%
X8 800°C CRBELELXEETHI L IDTEDLD
—SE DBV, 700°C D4, 200h [ EORRIC
P 5 B OETILEEE ©H 54, 800 3 XU 900°C
BACIHEOE TR LA ERD B,

(2) [FE—o Cr B2E&HET 8T, HHHN
Bea TR Lo Ni gk BR 2 F T
5. ZOBELED Ni #&FT5 L RILYE XL OELY
OFTHPMEE I NEIZE LETT 5.

(3) 0.06C-21Cr-14Ni-0.22N Zick\ T, Nb %
%7 0.6% - CEIMREETS. ZoFRIrL < 800
% I 0 900°C CHEZE TS % . Mo X 800 ¥ L 08 900°C o
e, # 0.5~1.0% TETHREBETIH, 3% b
SHTHELED o ETHE LEHIELIETT 5.
Bz FhoRETH#kYHETS. Nb 510 BD
BRI Mo XA TEB LThHRRB LS.

(4) By RREs JOWEERCEL ML, L
7 BTHITSEE A Th BB AL, BIAR X OB
BRI TR S LI E LSET 5. —
HHHTSEE AR BGRA Te B AT, WO T X b A
70, WERIEZ L DT 4 v 7 AR b,

BRAE & & bR XL O SR /s CrN 45
% T A L EE LJET T 4.

Nb » 5t BaEETH LN SFEIRD DI,
WESERCONFMAMEIh 5 & & LIRR TOHHEY
BEHSREFENY & 78 5 & &8 X 0Y CrN oA IR &
haz bR T5.

(5) RIFICHKICHRD o 2 BHTIHT D L8

il

ELLETT5. LoWET o HE SV PHE Uk
BB R R LW e,

(6) 0.06C-21Cr-14Ni-0.22N #c Nb Bijfids X OF
(Nb+Mo) #BEATEETS L, VThOEREIR
T MyCe, Cr,N LiShiz Nb(C, N) 36 X Z#i{(Fe,
Mn, Cr),(Nb, Mo),N, #} »#iH35. Nb(C, N)
BIOZHIEEOETIZEAEFE LRV ST
Bbhb.
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