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Synopsis :

A relation between austenite grain growth and characteristics of precipitates formed has been studied
in the steels containing Nb and Ti.

Ti supresses austenite grain growth more remarkably than Nb. It was demonstrated, however, that such
a powerful effect of Ti was reduced by simultaneous addition of Nb at the temperatures up to 1 250°C.
X-ray analysis revealed that under these situations, two kinds of precipitate compounds were formed at
the same time, that is, one is (Ti,Nb)N where Nb is dissolved in TiN, another is (Nb,Ti)C where Ti is dis—
solved in NbC. Electron micrographs, however, indicated that there existed little fine cubic precipitates
characteristic of (Ti,Nb)N, but only large grobular ones. So, it was speculated that the coalescence of
(Ti,Nb)N and (Nb,Ti)C took place. Furthermore, the amount of (Ti,Nb)N unexpectedly decreased with
decreasing temperature below about 1250°C. This is owing to the increase of {(Nb, Ti)C which causes
short of Ti to form (Ti,Nb)N.

It has been concluded that larger austenite grains of Nb and Ti bearing stecls can be attributed to the

reduction of (Ti,Nb)N and the presence of larger grobular precipitates.
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Table 1. Chemical compositions of the steels
studied. (wt. %)

Steel | C | Si Mn P S N Al Nb | Ti
49 |0.0710.34|1.73]0.008(0.008] 0.0036 |0.052| — -
50 |0.06|0.36|1.77 |0.010{0.008| 0.0065 {0.026{ — (0.023
51 0.04 | 0.36 | 1.73 {0.009{0. 009| 0. 0044 0. 031]0. 044 0. 033
52 |0.06|0.35|1,75{0.012|0.009| 0. 0034 |0.046]0.044| —
53. |0.04]0.35|1.73)0.009/0.009| 0. 0043 |0.0260. 120|0. 028

54 0.05|0.37 | 1.77 {0.011|0. 009 0. 0039 |0. 045(0. 140| —
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Fig. 2. Variation of (200) diffraction intensity
of niobium and titanium compound with heating
temperature.

WU TiE 1220°C LUFCid BT BEME CIlRBlgz S ik
mote TifkEHR I OORETHOHEETH Z EMNX
BEHFOERENOHE BN THS. LirLThbo Tiqk
EHORTFERL TiN O xh Lix/e 59, Nb Z2%
WWEEREL O TWB, FhorixBEe b LIREETE
DEHKREL, MBARE L EHEP LTS,

Fig. 4 3 BMHHEBE I X5 Nb {b&HOBRTFELR
DWERLR L MBBEDOBK & LTRT. NbDZks
588 52 s XU 54 TD Nb {LEHOHFERIL NbC
& NbNDZThboRichd, CEIHIEHELSEGANE Nb
RZE(EH (Nb (C, N)J 2 BRER TS T Ehibh
5. Ti ®#RFCETEE1i 1 220°C LR cifdo Ti
b&d Lz flc Nb {b &L L, TOBTERIT Ti
{LEYOBEE L1 TIBHARKEWGEPNEL DT
Wh. IhBHOFERNB Nb & Ti REFT 5551
Tifb&H & Nb (b o_EROWNEMYXFELET S
EDBHELNTHS.

3.5 FXBUTIiBEIUTEENb BONMBBRERKEY

AINBRETHAETS Ti K IO Nb {LEHOHHE
BB D, EffMHEE O Ti (REE Ti) B
XU Nb (R&HE Nb) % JI%E L7=. Fig. 5 12§ 51
& 52 WEHEENBAEN Nb B MBGRE OB E LT
T7T. Nb oxx&i#l 52 COREBME Nb Fiinsik
EOMBE LA LTHALTS. —FH Ti ¥RFCET:H

.29 3 e
\, 4.329
—o
4.28 Qe—————p oj
b
_ N\
=5 N o
2 | e —————
£ avl—e o ———t—%
2 ———— o
3 \
o Steel Py
8 a2 —0—53
3 —e— 5i:
4.25 —O— 5p -
= TiN
0 O
eyl |

AS N. 1100 1200 "1300 1360

Temperature(C)

Fig. 3. Relations between lattice constant of ti-
tanium compound and heating temperatures.

4.47 e
4.45— O [ .} —
.o
— Ve
= I/’ ‘
2 445 ' o
3 , —0
2 e I o
8 4.44 Steel
g —C— 52
] —0— 54
< 443 —Q— 53
4.42
. 1
—e ° NbN &
- L J
4. 41L, ; [ | |
AS N, 1100 1200 1300

Temperature(T)

Fig. 4. Relations between lattice constant of niobium
compound and heating temperatures.

51 TOREME Nb HHATRE OB LA L Td e
7, Nb OFHmESR U TH D 7eds bl 52 Al
NTIABEND LIV ERECTEELI BT EXRLT
WA, Rl Fig. 6 1288 53 & 54 kit s G
Nb 3 & INBGREE & DBHR R R 3. Ti % [ERCE e
53 (18 54 wXT Nb @imERIIvEdnhrbb
7, 1280°C Ll O @R CRAREM: Nb f123% < ft0T
B0, Ti OFEINC L OTAHREN Nb 22 X b &R ¥ THE
LBz en—BUHECcHS.

Fig. 7 (2REd: Ti e makEE OB E LTRT .
WTFhABED FFonT, B LT3, Ti
DL EETE 50 Tk 1350°C ToREM Ti &2
2EH4L, 1100°C COFNLFETS N HLTXT
TiN (b icdbifbFmimlhcbEL IS Ti OF
(£H 50) Xi3i¥—%35. L L Nb &R &8
51 & 53 TRERIC/LDIZEREN Ti oL,
1160°C A FCRIFETANSTRCT TiN ¢ icd
TAbEEHROCLEL EhD Tiog (KA 51, 53)%
Mz Tuwb.

— 128 —



~¥

Nb 5x0° Ti 2IRM L@ RAMICH T M EHE A - AT F 1 F AR ORERT 1995

{c)

1350 1280 1220 1160 1100
20 T T T T
— Steel /4
~ 10] —0=52
IS
= —e—351
%
2 L
zZ L )
°
2s
- /.
- o
'T_—./ /D
L1 1 171 1 1 | |
6.0 6.5 7.0° 7.3
104/TCK™)

Fig. 5. Variation of insol. Nb with heating
temperature in case of steel 51 and 52. Insol. Nb
means niobium which is contained in the elec-
trolytically extracted residue of steels. Both stesls
contain almost the same amount of niobium, but
steel 51 contains titanium at the same time.
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Fig. 6. Variation of insol. Nb with heating tem-

. perature in case of steel 53 and 54. Steel 53 con-

tains less amount of niobium than steel 54, but
contains titanium at the same time.
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Fig. 12. Amounts of niobium and titanium com-
pounds precipitated as a function of heating tem-
perature in case of steel 53.

YEFOfMELTEZ ShTWw5,

Fig. 12 134 53 w>\WCEHE L (Ti, Nb)N Kk
U(Nb, Ti) C OftHESMBRE OB & LR LA
PDOTHB. (Nb, Ti) C oprHET 1/T LT
WL T\wb., 2oz ik Fig. 6 i L Nb #213%
ST 51 kT HAREN: Nb &37c4% Nb(C, N)
DOHBEOMBRERFE LRAEEL LD, IIERE
M LEtE X2 TRO LR HHTHE LM 25— % 3
H. ZHIRLT(Ti, Nb) N OWHER R e
3. # 50 T TIN offtHER 1/T L& bicER
I %A%, #8 53 To (Ti, Nb)N & X 1220
°CAHE CRAMEL R L, Z ORELT CIHERIE &
LTwab. EE T Ti #EE L5 (Nb, Ti) C
SBECHBELT VA7, Ti BAEL, (Ti, Nb) Nop
WHE BT DEEL DRA. KPFETIESs &
WS EREEIOMB TS B A, 1100°C T+ — A5
1 PERTS Ti L0 Nb OiL#EEER: 1000A L
B0, GO LIBERET OIS A X
B EzsHhb, ZhbDEEWOHHELIIEFER
HETDEEEL bIA. T 0L 5 CEERIETH b fohd
LIRED EA & & T EHEINT 5 OIi@% Ttk
{, BBRBEVWHRTHS. ThIXRED LRE LI
(Nb, Ti) C RREMELTHH, ZZwBEEBELTWA Ti
N L OBMEFEI NIV LD BEY (Ti, Nb)N &
LTHHETAZERIDIDEELZLNRE. ORI
Fig. 2 TR LK Nb {L&Wk b0 TifbAc X 5
(200) FHBEDOMBRERFHEE—FK L TkH, Th
wX2>T (Ti, Nb)N o $riH 2L KX B3 bh T

— 131 —



1998 &% L W

s 67 4 (1981) #11%

(c)
1350 1280 1220 1160 1100

3 T ] T T T
g -
ot
N |-
o
<
G [ TiNin el 50 ~
5 2 N ﬁ/
4 //
= - //
— -
- T /’ D
° -~
z |~
= o
FoL
o
£
o )= as(Ti, Nb}N
) —@— as(Nb, T)C
't B ——@—— insol. Nb in Steel 52 //
E — /s
7/
B ,//
ol 1 1 Wad 1 [T T

6.0 6.5 7.0 7.5
104T('K ')

Fig. 13. Amounts of niobium and titanium com-
pounds precipitated as a function of heating tem-
perature in case of steel 51.
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Fig. 14. Amounts of niobium and titanium com-
pounds determined by chemical analysis versus
their intensities of (200) diffraction.
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ThH5.
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