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Behavior of Niobium Carbides and Nitrides in Steel.
(Fundamental study on niobium-added steel—I)

Toshisada Mori, Kiyohiko FuliTa,

Masahary ToxizaNe and Ko YAMAGUCHI

Synopsis:

High purity Fe-Nb-C, Fe-Nb-N and Fe-Nb-C-N alloys containing niobium up to 0°33%
“were vacuum-melted and cast into 2~5kg ingots. The metallographic structure was inves-
tigated with these specimens which had been prepared from the samples by quenching in
water after long-time holding at respective temperatures of 800 to 1250°C. At the same time,
the precipitants were isolated from thess specimens by 6N-HCI solution and identified by
X-ray diffraction method. The quantitative determination of insoluble niobium was also
investigated. Results obtained are as follows: ’

1) The precipitation of niobium-carbonitrides or -carbides is recognized predominantly on
austenite grain boundaries as finely dispersed particles, while the niobium-nitrides precipitate
as comparatively large ‘particles.

2) The precipitants of niobium-carbides and-carbonitrides in these samples were identified
to be f.c.c. d-phases with somewhat different lattice constants.

3) Two types of hexagonal niobium-nitrides were recognized and identified to be e-and
8'-phases, the ratio of e-to d'-phase seemed to be 1ncreased as the ratlo of N to Nb in
sample was increased.

4) These precipitants can be quantitatively isolated from the iron matrix by d1ssolv1ng
the chips in 6N-HCI solution at room temperature.

5) It is concluded from the results of analysis for insoluble niobium content in each spe-
cimen that the precipitation of niobium-carbides,- -nitrides and-carbonitrides begins at high
temperature such as 1200°C and is almost completed at about 900°C in these alloys.

(Recewed 3 Sept. 1963)
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_ Table 1. Chemical composition of ingots.

: Concentrat‘ion (%)

System S;mple o ‘ . . :
0- Nb . C . N .- S -0
e , C11 0°081 0°108 0°001 0°009 0*0005
Fe-Nb-C Ciz 0317 0°108 0001 0°010 0°0010
~ CN32 0°185 - 0+093 0°024 0°010 00004
| CN34 07329 0074 0°036 0010 00006
- Fe-Nb-C-N . | cNo1. 0089 0+014 0+020 0+010 0+0025.
S CN23 00262 0010 0°027 0010 - 0°0019
‘ N7 | 0159 0+008 0°022 0°+011 0+0015
Fe-Nb-N N8 | 0202 07008 0°020 0°010 0°0020

Table 2. Holding time of equilibrium heat-
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(a) C11 As cast
(c) C11 1200°Cx20hr W.Q. (d) C13 1200°Cx2hr W.Q.

Photo. 1. Micrographs of Ct1-(Nb 0°08%,C
0°119) and C13 (Nb 0°32%, C 0°11%).
5% picral etched X 1000 (3/5)

(b) CI11 800°Cx100hr W.Q.
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11 (Nb=0"081%) Ci% Photo. 2 (d) WRT IS

(a) C13 Ascast -(b)- C13 800°Cx100hr W.Q.
(c) C13 1200°Cx20hr W.Q.(d) C11 1200°Cx20hr W.Q.

Photo. 2. Electron micrographs of Cii (Nb

~0°08%, C 0°11%) and C13 (Nb 0°32%,

C0°11%). Carbon extraction replica
method.
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(a) As cast
Photo. 3.

(a) 800°Cx100hr W.Q. (b) 1200°Cx24hr W.Q.
Photo. 4. Electron micrographs of CN21

(NDb 0°09%, C 0°01%, N 0°020%).
Carbon extraction replica method.

‘ (a) 1300°Cx2hr W.Q. (b) 1300°Cx2hr W.Q.
1000°C x 36hr W.Q. 1250°C X 18hr W.Q.

Photo. 5. Electron micrographs and diffraction
patterns of Ng& (Nb 0°20%, N 0°020%).
Carbon extraction replica method.
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(b) 800°C x100hr W.Q. (c) 1200°Cx20hr W.Q.
Micrographs of CN21 (Nb 0°099,, C 0°01%,
N 0°020%). 5% Picral etched. X 1000. (1/2)
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Table 3. Comparison of 1attide constants of various phases.

e

This study |Previous. workers’ results with synthesized samples
Sample Heat Phase Lattice constant Phase Lattlcrye constant R (fhemi cal
No. |treat ‘ - iti
o reatment a (A le (&) e/a : a (A) e (&) c/a composition
As cast 4°460 | — — B 4°4300 NbCo.70
1 I
o . _ v . 4°4716 o . NbCQ.92
C13 800°C ) 4460 NbC 4+4281% NbCo.ao*
I I
1200°C 4°453 _— — Cubic | 4°4702 NbCy.99
’ As cast B 4420 J 4°3880 NbCo.06No.76
CN34 800°C ) 4+415 — — NbCN | — —_ S —
i 1200°C 4+428 cubic 4°4692 NbCo.9:1Ng.02
As cast (g ) ggzo 5,—53 1:—5—36 d 4°382 NbNo.ss
CN23 AANO . . NbN - — —_ | ‘
800°C 5! 2°98 558 1°87 cubic 4392 NbN
1200°C 2°97 | 5°57 | 1+87 = 0-98
IOOOOC ( g ,) 3:22 1é:2cl) ? gg & . NbN1.000
N7 c 2499 11°25 3476 NbN | 2°950 11°252 382 .
1250°C (6 ) - - - hex. NbNj.018
! . . . ‘ .
1000°C (‘Z) gzg 1?55)8 égg o' : Very close to
N 8 c 2’,78 11°28 4°05 NbN 2493 5+45 1187 NbN
o
1250°C | 51y | 205 | 5eB3 | 1v8s | Dex | :

* Storms et al'sPresults.

Others are Brauer et al’s®®and Brauer’s®results.
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A THRT 2 DUBRERRICI N T, ThHDRE
B CRER 6 LTSI LI b0 L s
N5, —FCORBDOCEEE (=0°01%) 2%ET5
75 518 Bk 8 MV REBRIC 5\ T HBHISIE
EECHTH LIRS L b E 2 5h 58, TORRS
BRIIED TNTH D (WTFEH %L BRAUER SV R
Z:HZ@’E?ZD & Nb C0-06N0-76 %%f;}-'%irohzo)\ kfﬁg‘%
5. v

Fe-Nb-N RO N7 35 X 08 N8 [tow TAED
BUINIRR T DT R OBA TR A AFRD o' %
LHTAE L & SELMAERERD BN B2, &' FiE e HDE
RO TR EE I T EIE B 5 X ONSRR O N/NbD H
X2 TET 5. TihbbRE—EHT R W T
EESEHVEE 8 EHOEIRERELRD, o
ZEMSEIRTIE 6 EUMIIREETHD b D L =
ENb. FRREOLEMEK S OBfRIX Fig. 1 KRR
L7222 THD N/Nb HOKLEDDITE ¢ 2Ly
FIDEFREE ' SR ENICH L TRITE 5.
Fig. 1| OMABEOIE 87, ¢ &b ICHBRBES
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. 1. Relation between relative intensity of
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» Table 4. Analysis of insoluble and soluble
niobium. (Sample No. CN32
total Nb 0°185%)

(7)
Treating Insol. Sol. . |Inso£._ Nb%
_ time(hr) Nb% Nb%  |so1. Nbos
2 0095 0*086 0181
3 0°095 0°094 0°189
4 0°083 . 0106 0°189
5 0°+081 0°101 0°182
6 0+074 0°109 0181
7 0°065 0*117 0°182
Mean value 0°184
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Fig. 2. Decrease in insoluble niobium in 6N
hydrochloric acid at various conditions.
(Sample No. CN32)
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NFRRBOBA TR D ko Fe-Nb-C-N itk

DBA XV H/NTH YD, E7FE LBV CTiaghEd
X D OFEEIR R IcEA XD BV X OfEd
BB A OHRNT DT
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Fig. 3. Effect of quenching temperature on
' insoluble niobium in each sample.
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4. HIR eN-HCl 2 X oo sks Fv
T, R ER T 2% Nb o HESULERE I X
HELE kD, Nb RIb4, &b s CT e bia
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