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Thermodynamic Properties of Niobium Carbides and Nitrides in Steels

Toshisada Mor1, Masaharu TokizANE, K6 YAMAGUCHI,

Synopsis:

Eihachiro Sunaml and Yoshiyuki NAKAZIMA

The crystallographic structure and the chemical composition of precipitated §-phase, §'-phase and
<-phase were extensively investigated on those specimens which had been prepared from vacuum melted
‘high-purity Fe-Nb-C, Fe-Nb-N and Fe-Nb-C-N alloys containing niobium up to 0°95%. The speci-
mens were solution treated at 1300 or 1350°C for 2hr, and then these were again quenched into
water after long time holding at respective temperatures of 1000 to 1300°C. The quantitative deter—
mination of soluble-niobium, -carbon and -nitrogen was also investigated in order to calculate the

solubility products of niobium-carbide and -nitride in austenite.

Results obtained are as follows;

1) The chemical composition of pure §-niobium-carbide precipitates was determined to be NbCy g7
though the precipitated j-phase was not pure carbide but carbonitride even in the Fe-Nb-C alloys

.containing little nitrogen.

2) The precipitated §'-nitride in Fe-Nb-N alloys containing little carbon was substantially carbo-
nitride containing a little amount of carbon, while the precipitated e-nitride was estimated to be a

‘pure niobium-nitride NbN.

3) The solubility products of niobium-carbide and -nitride in austenite were given respectively by

the following equations;
log [%Nb][%C]8"=—7,700/T+3-18
log [%Nb][9%N]=—10,150/T+3"79
4)

It has been proved that oxygen has the stronger affinity to niobium than carbon and nitrogen

in austenite. The preferential precipitation of a little amount of tapiolite [(Fe,Nb)O: or FeO.Nb,O;]

was recognized in all specimens.

(Received 23 Feb. 1968)
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Table 1. Chemical composition of samples.

Chemical .
A]loy Sample composition (%) Mole ratio

M No. [Nb | € | N |C/Nb N/Nb IN/C
C3 | 0-068 0-0700-0017| 7-97 | 0-17 |0-02

O C4 | 0105 0-082/0-0017| 6-04 | 0-11 [0-02
2 C5 | 0178 0-0710-0016| 3-09 | 0-06 [0-02
z. C6 | 0-204| 0-0740-0019, 2-81 | 0-06 [0-02
o C7 | 0-531| 0-081/0-0024| 1-18 | 6-03 10-02
= C 8 | 0817 0-090,0-0024| 0-85 | 0-02 0-02
CN21| 0-089 0-014/0°020 | 1-22 | 0-15 |1-22
CN23| 0-262 0-0100°027 | 0-30 | 068 |2-31

Z | CN1 [0-197] 0-029/0:0116 1-14 | 0-39 |0-34
G | CN2|0-199 0-059/0-0149 2-29 | 0-50 |0-22
& | CN3 | 0-207 0-1010:0160 3:78 | 0-51 |0-14
Z | CN4 | 0-367| 0-040/0'0136| 0:84 | 0-25 |0-30
& | GNS5 | 0-641| 0-081/0-0170 0:98 | 0-18 |0-18
= | CN6 | 0°957| 0°102/0:0183| 0-82 | 0-13 |0-16
CN 7 | 0-203| 0-103/0:0055{ 3-93 | 0-18 [0-05

N2 | 0036 0008 0-022| 1-72 | 4-06 2-36

> N3 | 0065 0-005 0-018| 0-60 | 1-84 |3-09
] N4 | 0113 0-006] 0-022| 0-41 | 1-29 [3-14
= N5 | 0163 0-006| 0-021| 0-29 | 0-86 [3-00
) N7 | 0159 0-008| 0-022| 0-39 | 0-92 [2-35
= N8 |0-202 0-008| 0-020/ 0:31 | 066 {2-14
NA | 0094 0-004/ 0-017| 0:33 | 1-20 |3-64

Other impurities: Si~0-059%,, P<0'019,, S~0'012;,,
Ni=0'029,, Cr<0-004%, XTi=
0-005%, X Al=~0-0019,, V~0-002
%, O=0-001~0-003¢2,

Table 2. Holding temperature and holding time.

Specimen No. Holdi?ogctg: mp-. Holding time (hr)
1 1000 36
2 1100 30
3 1200 24
1250 18
4
1300 12

WEXDOTHHE LUz Table | 125732 Sk dFe-Nb
-C, Fe-Nb-C-N 7z 500 Fe-Nb-NZ& &34 (25~
Skg #% 20mm¢ 7213 15mm¢ DESEH) 2 E
BTt /.

3. 2 B A &
LROEEFTDONT, H5H U 1350°C X 2hr 7
HOBHRICNIREIZTEZ L7z1% Table 2 KRT DL &
& & OELFE LT\, FTEED CHRE L BT B
HICd ES5E, MHIA 1g20i940ml 0E&D 6N
HC1 fPiz bl % I8 CIRE 1BA2L, SbERIBRIE7 S

WWE Lo HE, PR, B U CRAEERERL, ThH0E
EILDOWT, 7 Lova XEET EECEE GieiE Co &
721 Cu)  ZAWTXBREIRE TV, 7 AR O RS Sl
HEMEREL, FUBO LML 5 ONCEVLERIB BT & %
55 MTEROELE A~

FKICL—HOWPHT DV TIRERF O —ER X Y
Lt EFUFETHE L2 ER O Nb, C I NE
ZER (ZNLE¥ ThEFNTEM Nb, C S XONE 5
%) L, ThbHOfER & XBEINER» S RO B TFE
HE D, FH Nb Rk, Eibhs X RS Lh(LE
R E sk 7.

O LMORIBHBEOEEER S X O TIEENS
iR o 5 Nb Rt L oig b o E LA RIC D
EDWT, TNLDIEEMDF —2AFF 4 bRtk ITA
VR % Shked e,

4. R B B B

41 FHAEOERIBE

4.1.1 5-#8

Fe-Nb-C FRELITEV THRHETHD TRLATE L,
75 NaCl B> o-FEAEED bivic. L Lshid4
Bl XD OHBE R O SO T EHE Fig. 1 TR
FTEL, Bk C/Nb 2 vk LisEwatg C7,
C8 CTIREMMMEREIC XD TIEL A LZ LT a =446
ARETH B2, REHPO C/Nb = utbpikis 2508
C6, C5 TI3EIR (1000°C) ik uCrxatkl €7, C8
DEEEIREAEEL LW S b bY, BULHE
EXE L (1200°C ) 7s % L MBI » DXy,
L X DZELORERHE RO C/Nb = vtbhikix
DHEIEEVLU L Lk BEmERT. ko C/
Nb ®ovlkkss & BT kK 23 C4, C3 Ti%ig
(1000°C) IZEWTHT TRV L SANL BIET-ER %
ALTVS. I HORKTIE Nb §FESDBV. L
-] ]
446 ﬁ>\\\\\_ 3—23——

eC3

4% \\\\\\
)

444 ™C5 —

(R)

1=~ C86

Latlice const.

1000 1100 1200
Holding temp. (°C)

Fig. 1. Relation between holding temperature and
lattice constant of precipitated §-phase in

the Fe-Nb-C alloys.
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Fig. 2. Relation between N/C mole ratio in the
Fe-Nb-C-N alloys containing about 0°29;
Nb and lattice constant of the precipitates
of d-phase.
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Fig. 3. Relation between holding temperature and
lattice constant of precipitated §-phase in
the Fe-Nb-C-N alloys.
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Fig. 4. Relation between N/Nb mole ratio of the

Fe-Nb-N alloys and the ratio of relative

intensity Iz'cio10/Teti01> in the residues of

their specimens quenched from 1000°C:
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Fig. 5. Typical X-ray diffraction of residues extracted

from the Fe-Nb-N alloys.
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Table 3. The results of analysis of insoluble-niobium and-carbon in sample C7 and C8.
? Insoluble-Nb2,
Saggle ' Heat treatment | Ilz:?rll:c?rte;ﬁ
’ | Total i Oxide tipe Carbide tipe
: i
| 1000°C X 36hr W.Q . 0-512 5 0-510 0-053
c7 1100°C x30hr W. Q). 0-444 0-002 0-442 0-042
1200°C x 24¢hr W.Q . 0-381 ‘ 0-379 0-036
1300°C x12hr W.Q. |,  0:230 : 0-228 0-023
1000°C % 36hr W.Q. 0°770 i 0775 0-071
cs 1100°C x30hr W.Q) . 0-729 0-002 1 0727 0-068
1200°C X 24hr W.Q . 0-629 0627 0-061
1300°C x12hr W.Q . 0-438 ' 0436 0-051

Oxygen content of sample C7 and C8 are

respectively 0-0010 and 0-0013¢2;.

Table 4. Chemical analysis of the residues extracted from sample C7 and C8.

1di . :
Salr\?gle Ho dn(logctgimp Nb2 Noj, Nbrnb(eN)1% w——NbIEINb(CN)] mole ratio
1000 825 067 82:0 0-054
a7 1100 800 104 79-6 0-087
1200 735 0-81 73-1 0074
1300 590 0-47 58-5 0-053
1000 867 0-53 864 0-041
Cs 1100 79:0 0-84 78-8 0-071
1200 705 0-49 70-3 0-046
1300 635 0-88 63-2 0-092
NbrNb(eN)] : Carbo-nitride type combined niobium.
10
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Fig. 7. Relation between carbide-type-insoluble Nb
and insluble C.in sample C7 and C8.
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Fig. 8. Relation between lattice constant and chemical composition of precipitated d-phase
in the Fe-Nb-C and the Fe-Nb-C-N alloys.
(Lines at equal lattice constant are based on Brauer’s data)

Table 5. The results of spectroscopic analysis of residues extracted from the Fe-Nb-C-N alloys.

Sample No. H"ldi?c%c‘?mp‘ ¢ ‘ Si |Mn [Mg | Pb Al [Nb Mo’ % \cu\ Ti CO& CriAs Ca
++ ++
1000 S DU BT B L L O I o e o o e I o e e o B B
CN1 + + + +
. ++ + -+ o
1250 S P ol el S Bl et O B il I e e o R = it T - e
++ ++
1000 ++ ++
B o e e ot 2 Mt s s ol Bl B
CN5 + + + +
1300 T+ T
B B OO I et e = = - e o B e (e R B
++ ++
4-2-2 Nb JRZE(LW Ba gote. Ti FURHgk P ic R MMk & LG8
ST O & ¢ Fe-Nb-C-N R &l s Thily  0°005% BE&FENTEY, THEBLHROICER
+ % 6-Nb Reg{b b F AT U DA ©H ONT BA LLIKH®1%# NEMELTERI LD EHEZD
MIGEEIC L 2T T 530LEFE2LLND. b . R TiofE, ZT0O& 9L TEBHRICE
DAL RO LRSI T 572010, 4klL 0% “”Lt TiO, M X oD THELILEM TH H72DIT, &
EoifHBEELEINL, Thibh—ER (I~10mg) % WA E DD ThTrTHDIETOD DA, ZREH
R o KRB THRL TS TEDHTI 2T >7z. 0 CEIDEHESNTRALKLDOESZ X LS. Tix Nb
IO B3R OEREEER B, EESITICER SR ET 2o TR Ti 2#45H L, Nb 48z
LT v fEn LMoL FaMESET LT EL

VO TERETRO Nb, C, N Ofipkdla ozt in
T HOIERNTH B, FEFIC Nb DUt otdITR
MEELALEWEVEDTHIE, TNARMESCERE
PICIRAL, Nb SZBETHEEINNDHD. ZOMA
%%xyaﬁétbr*ﬂ ﬂﬂibm&btﬁﬁlo
wfwﬁoﬁﬁ%%%ﬁ BV TORGITEET I S
SN BT O T DRk ﬂimTable 51T kL
<Y, EEmcE Ti {LEMARAL TV 5 T & A5

WITER O Si & I3 0°05% TAMMITH &
LTl W S BTH DI, REOEMBMIRIIRLT
B (L1 O THEE IR AT 5 T X TEISILE A5, Si
X Nb o ETHETRE V. £0f Al, Cr, Vg
LA Btz A Al, Cr i3 Nb G O ETHE TR
<, Viz —~[SiETETH LPRARIDL N EEZD
NHDT, FORBIHE DMV OLHELKC

il CNI1, CN3, CN5 35 X0t CGN6 OBEUAIEE &
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Table 6. The results of analysis of residues extracted from the Fe-Nb-C-N alloys
and the estimated composition of §-phase. .
Sample [Holding o lc|n|mi|s]| s Mole  ratio Lattice | Estimated composition
No. o % | % | % | % | % | % N/ TN /g [eomst A | of &-phase
(C+N)| /Nb |
1000 77'3E4'93l3'980'600'87 88:08 0-41 0-83 0-49 4-430 NbC.5oNo.34
CN1 | 1100 71:03°693-67/0-55(0-82) 80°10; 0-46 0-74 0-62 4-418 NbC.42No.35
1200 57',8‘2'21|2'571'620'62 65-89 0-50 0-60 0-83 4-402 | © ° NbCy.36No.36
1000 |76-7|5-52/3:07(0-57/0-88| 87-12| 0-33 0-83 0-40 4-441 NbC.57No.25
CN3 1100 [75-4{4-853-53(0-61/0-88 85-68/ 0-38 0-81 0-47 4-433 NbCo.5:Np.32
1200 |70-8/3-91|3-50/0-81|0- 76| 80-32| 0-43 0-76 0-57 4-420 NbCy.s5Np.34
1000 [85-0(7-78]2-00/0- 29)0- 88 93-44/ 0-18 0-87 0-21 4-449 NbCo.6sNo.15
cnN5 | 1100 181-57-0012:340°25 — | 91-26] 0-22 0-85 | 026 4-445 NbCo.65Ng.15
1200 [81-5(5-93/2:63/0-29] — | 90-26| 0-27 0-77 0-35 4-441 NbCy.goNg.23
1300 (80-3/4-83)3-51/0-78/ — | 89-87| 0-38..| 0-76 0:50 4-434 NbCy.55Ng.32
1000 186-38-11|1-57| — 10-85| 96-83| 0-14 0-85 0-16 4-452 NbCy.73No.12
cne | 1100 [85-7(7-80]1-76f — | — 1 95:07| 0-17 0-84 0-20 4-450 NbGo.70No¢-14
1200 186-47-15(2°00|0-25|0-82/ 96-79| 0-19 0-79 0-24 4-449 NbCi.6sNo.16
1300 84'66']3’2'870'560'78 95-31] 0-29 0-79 0-37 4-445 NbCy.5Ng.o;

DHAH U 7 BRIEDOILEEMAIE Table 6 iR+ 2& < T -

HBH. . INLDEREESTELEODHEOLFNT Ti
ZVWihd TiOy & LTHBE L 75a0KE (St xh
DTHMETHD, Thd Nbib&HELTEENTVS
LDTHENESLRELL TRV, —[EFD% 0|
EMFE L) TH55, ZOEERVFNRDI00% L FTd

D, FUIRE T Nb iRinBE DAy, Lo T
Nb [RE{LMED L3 CNL 35 X8 CN3 icdi
T, Nb @RIRED Vv, Lichs2>THE Nb RetmE
DL WEEL CNS /50U CN6 DA X D/ Th 5.
FE 72 CBUBHT 3 W TR T HY Nb JRE(b B3 b7 < 7
LD RIBEMMEM OB I E/NTH S, Z OMEGIZE S H
ot L7 e BN Ot DT RS RERIbAH & DT
AR PRI RIE—ERFEL, Fho R E 4 o4
TERERIREALTWAEZLAERTLIOTHE. ZOX
S 7e B & U THERR 7 D A3HIHI T i~ 7= Tapialite
THYH, LI EROEE,»S SiO, 72132 Y4 — b
PEZ N, S &fTic>7 Nb, C, N, Sk X Ti
DT, h oDk mEiEk+ 5 Fe, Si X0
BEO—HZEDTVEIDLEEILND.

&R N/(N+C) = 0izFE CEEcRatdao
(&N)/(£C) Tt AKT Nb FmEOAL e
CNl DEEREDARTH S, ZOERFEUCHEIS
WTWINOEHIBREOEEITERELL LD, CRITHZ
LCNEDEWRELMITHEDTWBEZ L aibn b

—FEEPD(C+N)/Nb £kt x B % & 1000°C $h
LB DBAVIIEE 0°85 §iEO—ELEERLTY
50, BIRBUBINCL 5@ E O/, UL
b TOZ(LDRENE N ifiiiEH A7 <, LimDTH

Hi Nb (LB O A WO HEE Evw bl sl
Ve ZOXSLEMARLNDDRELTERO T
SERBHHRICiE D Tapiolite 234K L Tk b, Thiik
EHICRARIR ENS72DIT, % DREAEIESHEINT 5
KLICB DO TCREIUNEERT B4 Nb, 2%
FEALRALEMERL TV 5 Nb ENNL T35 2
EETRLTWAS. Lich>T Table 6 TR L 75
D Nb, CxIL-N @&»5EEH 6-Nb Rez{tadr
DILFEMRFRET HZ LIXRAEETH 5.

Lo L7ehis4 Fig, 6 iR 7 Nb-NbC-NbN 3 55
FHEXO i Table 6 iCRL &R E OBRESHE
R X B N/(C+N) a2 RTESEE #52AL, &
NODEMECH > TERF L D omHEEREIC>VWTO
XRlelHrks R A HRkd g FERH (Th 5 D{E Table
6 ICBFEL L 7o) WWABIET 4% BRAUERD IO X B4
FEMCEDTHRDBE, RPIRTIEE Fa o kit
BoND. INLOEEDMEBE» S LN FNOR L iIC
BIFHHTH 0-Nb REB(LMOIL ¥ M REHET S &
Table 6 DARMO T & EHEREE7.

DEDER»CEFITERT S 6-Nb ReELWIE, £+
@ N/(C+N) Ekepk (2% ) Nb E{bhoEEE
EHEMT ) KWk LEMRD2T (N+C)/Nb = 0t
PNT7eD (DFED Nb LEEET 5 (C+N) 4A5HE0
HEN 0 {AB) ERERL, N/(C+N) T utbss
03 BED LT LEIOEMIVLUSLLLKEYD, +
& EDITHTH -MOMFERT BBUT/NTkRbZ E
HidodD7z.

) C0L > uEKE Fig. 8 ONDC-NbN ZED | HEEA» &L
HSCES .
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MR BT o= 7RIS JUCELMOBRNEWEEHITOWT 771

X542 Fig. 8 »5b» b7 E L LiDK A L OHT
JEIT 3T Fe-Nb-C %kl C7, C8 iz >V THEL
FoHTH O-AE DML S A F SRy N/(C+N) T vkt =
0 (2 HNEEELWESE) IKkxnwTit C/Nb v
=087 @b (Fh P STHRT) 285, LAnDT
WA T A NE 4 vkl Nb RI{bmolbsEd
FRiE, RETHRLA-TE K NbGCosr SHREL .

4.2.3 Nb 2ty

4.1.2 T3k~ & { Fe-Nb-NRAEPFITAEKT D
Nb 22ibiid, HHEED XBENTER» ORI EhDe-
MBI O -HO 2EIHFL, O OBMLEIGIIH
$lrhoo N/Nb £ Vi X2 TZET 5. 2O OMMIE
BRAUERID, ScHONBERGODE K Nb Z{LWiZ 2T D
e, X SMITHD OI|EEZHRE TH L, wWInhd
NbN 12 & Tiliv: (NDN~NbNo.o) LMk aH ¥
HHDEEZLNTWS. LAL%ADS Fe-Nb-N Rl
¥l N8 &BLIE B X b Ofh H & © SRR
Table 7IZFT L THH, ThkvEEHRD N/Nb
FOUHIEEIE 0066 ThH B, SHICKRETCEIFEH2%
BEOCCHESENTHH, C/Nb £ouvidiziE 0024 i
4. CoORBOMM EEAIRT CPED ML EF
HE 58, BT &L KRESH 6-HEBZE
NEOTEROSHEER»SINLD 8 -MOILEMAML
13 NbCo.esNo.2e 2 EBEE X, $EA AT 5 6'-H
A b 0BRES ToO CORBHBEZATS.

Wik NA covwTh koM {72/
OFEC BT H N/Nb £vktid 1'2 TH Y, Lirdik
FEoORMME L TEEIN TS CEN B0 N8
OBE L DBl (=0004%). Zo X5 7
vt Table 7 WRT L KEREROCEHER
X Tk CEBH05% BE) 2Tk D, Xl
EifEE b THRINGEME XL —HLTVE. T
bLEERICKITE e-HHOMEGREEL §'-FHDOEE 2R
ML, LizmoTkEdo C SFE DL LE2Tw
5.

—hEEEFRO N/Nb Uk iask f OBIRIRE A5
LI BIT &V ABITEA L, 1200°C 3 X Ur1300°G
TOBMIBR A DESGITIIVWHE L B /NI EIE DT
VB, THURETEITR A T { EFE A Tapiolites
BEARGINIZIEETLTWS. LrLikhs 1000
°C BULHERAC 35\ TIRFEE RO N/Nb £ovte=0"9%
RLTHED, UEOERE#4+ 5L Fe-Nb-NR&4a
RICAERT % e-Nb 22{b#fHi3x BRAUERS!DME L Nb
LT W TTR LA fE R & RIS, (31E NbN oAk
BT HLD L ENS.

43 F—257F4 PRICHITEPEHRER

BIETE TOMEHER P SIS % Nb (b,
HEE(bEs L ORI O SRS L b T LR O£
MR ST D7, TG DK HFEO RN DV TIE
BOERTR ISP S A Nb BT & 2T CITHT
TS i~ 72 AR ERIT 35\ TV HTHIIC 35\ THRGE L7247
H 0-FEB L OV e MHOHEEILSEMARIC D L D& F — 2 F
F A4 MRIZET D TS O RIS O FiRERZ Kb
7.

4.-3-1 5-48

Nb i g{Lif (6-48) O{LEEMIAE —fi%ic NbC,N, T
FbIh, CoXsk{ttmed —2 7+ 4 bRICEE
Lo &R TTE & O F Rk

NbC:N,z==2Nb+xC +yN oreveervnn (1)
ThHEx2 55, BLNb, CHEIUN RFF—27+4 b+
WCEIBE L7 Nb, CEIUNDORE [EfE%] bbb
. LsoT ZORGOFERERT

K'cn=[%Nbl[9% CI1*[9%N]Y ---eeeveereneee (2)
L 5.

i Nb (LR MaL NbC:N, I, 54 CNI,
CN3, CN5 X CN6 z2owTix Table 6 1Z7~
T THD, BB C7 5L CB T2 Tid4 241
T~ 7o Z & <, BULEER B MBATRIZ V340 S NbGy.8:
No.or FEESINAOT, Zhboitklo 1000, 1100,
1200 #5 X ¢x 1300°C (CN1, CN3 ¢ 1000, 1100 %5

Table 7. The results of analysis of residues extracted from the Fe-Nb-N alloys.

S | Holding Mole ratio

NoP'© | temp. Nb% | N9% | C% | S% |[Total% ' | ToEmy
' °C | | N/Nb | /N | s/Nb | SV

N8 1000 6770 | 6°50 | 230 — 76:50 | 064 0-26 — 0-90

1100 68:00 | 691 | 180 — 76:71 | 0-68 0-21 — 0-89

1000 58:85 | 7°86 | 043 | 0'55 | 67-69 | 0°89 0-06 0-03 095

NA 1100 5795 | 651 | 059 | 015 | 6520 | 0-74 0-08 0-01 082

1200 | 55°15| 2:96 | 041 — 58:52 | 0°36 0-06 — 042

1300 5205  1:88 | 0-74 — 5467 | 020 0-11 — 0°35
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Table 8. The results of analysis of soluble-and insoluble-components of sample C7 and C8.

!

Sample Holding Composition Insoluble % Solu % .
No. t . © . of §-ph

o emp. °C | of é-phase Nb C Nb C N
1000 0-512 0°053 ., 0019 0-028 00007
0- 444 0:042 | 0087 0-039 0-0017
C7 1200 NbCo-sNo-o7 0-381 0-036 0150 0045 0-0023
| 1300 0-230 0-030 0-301 0-051 0-0038
| 1000 0-777 0-071 0-036 0-020 0:0007
! -729 0-068 0-092 0-023 0-0015
C8 1200 NbCo.sNo-ov 0-619 0-061 0-197 10-030 00020
1300 0-438 0-051 0-381 0-040 0-0025

Soluble Nb¢;=Total Nb%, —Insoluble Nb2,
Soluble C¢,=Total C2;— Insoluble C2;
Insoluble C¢,=Insoluble Nb2,x 08 (Mc/Mpp)

Mc. Myp : Atomic weight of G and Nb respectively
Table 9. The results of analysis of soluble-and insoluble-component of the Fe-Nb-G-N alloys.
Sample Holding Composition Insoluble % Soluble %
No. . 8C"| of 4-phase -
o temp of 0-p ase Nb ‘ C \ _N Nb C N
1000 NbCy..9Ng.a4 0177 0-011 0-0091 0-015 0-018 00025
CNI1 1100 NbCy.52Ng.a6 0151 0-008 0-0082 0-052 0-021 00034
1200 NbCq.34No.36 0102 0:005 0-0055 0-096 0-024 0-0061
1000 NbCy.5:Ng.26 0-203 0-015 0-0086 | 0°005 0:086 0-0074
CN3 1100 NbCo.s:Ng.32 0-183 0-012 0-0088 0-028 0-089 0-0072
1200 NbCy.45Ng.34 0-117 0-007 0-0062 0-078 0-094 0-0100
1000 NbCy.g0Ng.15 0:625 0:056 | 0-0141 0-020 0-025 0-0029
GN5 1100 NbCy.e5Np.1s 0-546 0-046 0-0156 0-087 0-035 0-0022
1200 NbCy.50Np.23 0-442 0°034 0-0160 0-190 0-047 0-0016
1300 NbCy.5:Np.32 0-320 0-021 0-0154 0-370 0-060 0-0016
1000 NbCo.75Np. 2 0-925 0-087 0-0167 0-036 0-015 0-0016
C N6 1100 NbCy.70Ng.14 0-851 0-077 0-0179 0-119 0-025 0:0004
1300 NbCy.6:Ng.25 0-544 0-044 0-0180 0-413 0-059 —

Insoluble C9%;=Insoluble Nb% X x (Mc¢c/Mpp)
Insoluble N9, =Insoluble Nb% X » (Mn/Mnyb)
Soluble C2,=Total C% —Insoluble C2%,

%, y : Dertermined by respective composition NbC;N,

Myp, Mg, My : Atomic weight of Nb, C and N

XUt 1200°C 0 &) CEURER L 2B O FEEI R 2 v T
TESVEBZ TR 2R, S Nb, C, N %R, i
I D ERBOBKIBEITKITS Ken DiERFTELL. %
NEOEERE Table 8 Xt Table 9 IZRTTEL
TH5. £7: Fig. 93 K'en OREEZ AP N/
(C+N) =tk (2E D y/(x+2)) THWLTFe v b L
7oA DTHHEPITFBENIINLDE 2 DObRhE
WEAALTH DS, TROLOEBEE N/(CHN) =
=01t L TELNDME Lo S, NE&Eikw
i Nb BALWOF — 275+ 4 FRITEIFBENEFNDIR

ECORHEERETTADLE A AL LB TED.

ZDME%E log K" 2 LTEHI I/T LT ey
b5 & Fig, 10 IR T (XHD) T2 K Thh, th
£ FmERORERK

log Kc'=—7700/T+318 -ocvvvvveneeneennn (3)
2{E. TOX S i MRILTH O EBIIREED & <
NbCo.s7 EIRESINFZDT, FTDF—AFF 4 bRl
5 EEE R

NbCo.g;e=2Nb 4087 C - vvvvereereeennnnnnca ()
CELTEDEA, CORBOFHEREERI(IRI D

log [%Nb][% C1097= —7700/T+3-18 ------ (5)
_THibnB. -
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10. Relation between log XK' and temperature.

MR 31T D Nb JRAL OWEARE TR & L TKazinezy,
AxNAs, PACHLEITNERI®)}I
log [%Nb][2%Cl= —2500/T—063-+------- (6 )
52 THED, TOEBAMEEREVBULLELD
FAEM AR TRL T b, OFERITEERIE,DHEE L7
LT, {LFESFRRICL ESVTHRELCD DT
<, BEAUEE S LCEBEERAR L, Eidzr R
NE—DEPNETEDLISITRbNS.

FIoRH, NPORAEDIE &R O S TFe-Nb

CEAEEICOVTHRETL, HTHR{bmOMEAZ NbC &
L, 04RGOS EERERZ IR

log [%Nb][%C]=—7900/T +3-43 - .- (7)
TE5x2CED, FMEFHRIICOMBELLEPL {—FL
TW5b. X SMTHDRET H-CHy [REH X, 7%
bbEEOERY —EICLIcH 2 LT Fe-Nbgg
DCEHRBL KDL HFETHRIILICEREZWREL, 47—
27+ 4 FHIZEIT S Nb GOt BEEORERE
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THEZTHEY, TOERFRABRIIOUNTD 5.
F 7459, EBHORA—2F 4 bRickFS5 NbC D

T RER E R

log [%Nb][2C] = —14000/T+7-58
DTELEAZTWEY, ZORRBUEORNITLET D
XL RVE —ERPLRKTH D, 1000°C U Tix(8)
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ExRT.

XS AREIERSENRE L DD ELCDD
LEZ LB, RRETHARERIE NbCo.sr DFLELD
Nb RSB L TRk dizd D TH D (8)xns NbC
OFEKD Nb Bibcst s L THExonicdDTH S
LEEETDHE, ()R EEAMTHE-HRLTW5D
DOELUPTL S S. L LS bAMERFRICL DL, §T
IR L7z B A — 27 F 4 b4 KT 5 Nb Rk
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Table 10. The results of analysis of soluble- and
insoluble components of sample N8 ard

NA.
Sample |Holding [Compo- |Insoluble % | Soluble %
Nop temp. |[sition of]
°c z-phase | Nb N Nb N
1000 0-183| 0-017} 0-019] 0-003
1100 0-154| 0:015| 0:042| 0-CO5
N8 | 1900 | NON | .199] 0-012] 0-080| 0-008
1300 0-079; 0:008| 0-123| 0-012
1000 0-083| 0-011; 0011 0-006
1100 0-066| 0:005| 0-028| 0-011
NA 1 1e00 | NBN | 0.043 0-003 0-051] 0-014
1300 0-036] — 0-058] 0-017
Soluble Nbé,="Total Nb2, —Insoluble Nbo
NbN == Nb+ N-wvuvemmrierneiiienieiiennnien e (10)

THz 5, Lih>TTable 10i0 R+ KiBEFIC KT 5
BMLIEI IS OV T DRERIE B RA DB/ A 5 Nb
BIORBEENIZI DT, FNFROEREICHIT 5 (10)
BEJED TP ERE KD 5 2 L3 TE 5. Table 10ic
RELIEFERICHEBNACOWCORERIERBR L, £
NHDRER» BFHH L 72 e-Nb 25{k# (NbN) o#f K
ICDFMTIERIZ IR L7285, ThboxEES: 1/Tic
LT, ey bd5E Fig. 8 CRTTELTHN, T
BRI BRI ELDTIL—FHLTEK Y, Thi
D (10) R G 0 S BE R 2 IR BT RS & L T
log[%Nb][%N]1= —10150/T+3-79 ---:--(11)

SRET DHZ LT ET.

F*—AFF4 bFRITET D Nb 2Lk B K IS O F4fi
PREBUICT DT SMmeID7 S UNC R E, MU
BREBEINTED, TRLFIKR

log[%Nb][% N1 = —10230/T+4:C4 ... (12)1

log [%Nb][%N]=—8500/T+2-89 ---(13)!D
ZH5ZTVD. INLDERITV TN AR E &
Fix D) Ne FRAZ X BELER IO ThDAEDOTH S
», EROIEMERZETIE, ThS50ERITITIE—
HLTWDERBERETHSS. 7R LEED» DV 2IE
AW TRD I FHIRER SR SR T LTS,

5. & =

DiEOfFERE#ET 5L, -Nb &{tiniz 6-Nb 1L
WEDIHEPICE N THLEVELELILEMTHL DT Eas
DO E 4l TRRLD & KEAPEC BT ST
T 0-Nb (b3St ke, ZoMiE -
HBHWNI S-ELHE X Y @RSV TEBAENIIS
PEEWMHTHDEEZ LS.

O — Nb atom

® — Cor Natom

. Crystallographic structure of d-phase.
(G. BRAUER!D)

BrAUER!D|E Nb-C-N 3 0RICEWTERT S o-5
W Fig. 11 9T &< fee #FEICH D Nb BT LT
RARLEIC & B CE AN T & > 575 5 NaCl Mk S
EERED, ZTOMFERE N/(C+N) kil T
IREERENCELT D E#RL TV 5B, ZOT Lids-
Nb fre{tint -Nb fRikfne 6-Nb Z2{b4)OmAEfE
BRIV L5 BT 5. £ 2 THEPIT s VTR
L7z 0-Nb ik & 6-Nb Z({b4hH»ME I EE L&
THEENE A 0-Nb JRE(LWHA A —2F F 4 MCEBL
7o Nb, C KX U'NDLAERT D ERET L, 0%
BOREDFHRERE, —ERECk VTR X
DTRIND.

log K'cnceaten.y= (Ny log Kc'+ N, log Kn')
+ (N; log Ny+N; logNy) e (14)
7272L K'cxCealeuwd)y, Ko' B X Kx' B FNFhifd
W5 0-Nb 2k, 6-Nb Bt X U8 5-Nbze
b BBUG O P EIREERR. Ny, Np 1k 6-Nb gty
o> 6-Nb Ribiis Xt 6-Nb Z{bipo € v45H.

LOHE log Ke! B (5)RICL2TEHE L LS log
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On the Isothermal Age-hardening of Fe-Ni-Mn Martensitic Alloys

Minoru TANAKA, Tommo Suzukl and Masayoshi YODOGAWA

Synopsis: . )

The age-hardening behaviours of the Fe-Ni-Mn martensitic alloys have been studied in relation to
hardness, microstructure, lattice constant, electrical resistivity and magnetic properties comparing with
those of the non-age-hardenable Fe-Ni and Fe-Mn martensitic alloys. The results obtained in this
study are summarized as follows.

(1) In the age-hardenable Fe-Ni-Mn alloys, the matrix becomes etchable accompanying the reveal
of fine particles during age-hardening. In this hardening stage, the electrical resistivity decreases and
the lattice constant of matrix is maintained in almost constant while the half width of X-ray diffraction
line increases. The reversion can be observed in the age-hardened Fe-Ni-Mn alloys.

(2) 1In the non-age-hardenable Fe-Ni alloy, austenite appears during aging and grows in lameller
and the half width decreases abruptly on a short time aging.

(3) Although the age-hardening of Fe-Ni-Mn martensitic alloys cannot be ascribed to one factor,
it seems likely that the strain hardening due to the formation of the coherent precipitate or zone in
the matrix is a major factor. It is difficult to consider that such coherent precipitate or zone will be
formed in the non age-hardenable Fe-Ni or Fe-Mn martensitic alloys.

(4) The formation of such precipitate or zone will be possible when the miscibility gap island can
be assumed in the martensitic matrix of Fe-Ni-Mn alloys.

(Received 22 Jan. 1968) .
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