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Study on solid solution behavior of second phase particles and austenite
grain growth law of Nb-Ti high strength steel
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Abstract: The solid solution behavior of nanocarbide and austenite grain growth in Nb-Ti microalloyed
steel during high temperature heating were studied by means of transmission electron microscope, optic-
al microscope and thermodynamic calculation. The results show that the austenite grain size and size of
precipitated phase in Nb-Ti microalloyed steel are affected by heating temperature and holding time.
The austenite grain size increases with the improvement of temperature and the extension of holding
time. Compared with holding time, heating temperature has a greater influence on grain coarsening rate.
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The temperature is heated from 950 °C to 1 300 °C, and the austenite grain size grows obviously from
28.4 um to 94.6 um. When the heating temperature reaches 1200 °C and the heat preservation time is
gradually extended from 10 min to 120 min, the austenite grains are slowly increasesing from 79.4 um
to 88.5 um. The small size precipitates in Nb-Ti microalloyed steel gradually dissolves into austenite
with the increase of heating temperature. The total amount of carbides in the steel decreases, and the un-
dissolved precipitates are (Ti, Nb) C with a larger size. The atomic ratio of Ti/Nb in the undissolved
carbide in steel increases with the increase of heating temperature. As far as thermal stability is con-
cerned, Ti content in carbide is higher than Nb, and its redissolution temperature is higher. The solid
solution content of Nb, Ti and C gradually increase with the increase of temperature, and the volume
fraction of precipitates in Nb-Ti microalloyed steel gradually decreases. The fine second phase particles
in the steel dissolve with the increase of temperature, which greatly weakens their pinning strength to
the austenite grain boundary. Therefore, the austenite grain boundary begins to migrate, and the austen-
ite grains begin to coarsen rapidly.

Key words: Nb-Ti high strength steel, solid solution behavior, precipitates, microalloying, thermody-

namic calculation, grain growth

0 Bl&

H A, a S b s sl FL s . 42 w0 HE AR
SEG TRA IR R A E B A S
SEFETEEE AL AR AN SR A A A9 S i — Se i ik
BAWIEROCE, U Nb, V., Ti 25, skfa HAN AY Sk
RSF R KA T 0 BT HR AT A, DT 2 o 00 11 e 3
A, D0 A0 89 A R R AR e P RE Y B AT R
YK GTTE W] Rl A S s i A HE Ak s i D 4
BT R R 4N 3 BB B R AR A R 3 3 T LA AL BH
T A e B R T A A AT, AT B ER AR iy
RO RS B I . R, 78 3 AR I
BRI AR AL W, S B G AR 45 i, 76 B EGAR )
BRRMEEAS I IR B B R AR TR A H Y. 4L
il 3 AR B 32 B S B E N PGE EE FR IR AT ] . Nb-
Ti A S8, BRI EE () AR 2 B R i 2 4 Hh
A5 TG ER ) [31 75 1 AR AL P AT AR, R R
M B PG AR ity b R RIS B4 PG AR 1) P45 A R,
LA 2 RE e A R, 2B E A B
SR BRI S B T AR TR SRR N gL s [R] )
B PG AR ffobr R R AL Py BT HE AR TEA T T 8 100 #T,
DA Nb-Ti X AT H AR %) [ 7 5 A Rl B EG A
b B KELE . BHE TR 40 Ti A1 Nb A
HRRE T B4 T 6 SR K R LA B S I LB, L
THEBRAR AR A #E

1 REAREF &

RIS A A FH N AR = B AR Nb-Ti 4
AR, FEAFRS LR 1. TERERSE
FE 1/4 AR BURE, i A% 10 mmx 10 mmx*20 mm /e
JA AT KRB . X Nb-Ti A 49910 8 AR Sk 1

FINEEE T, PP 28R, ONIFAERE 950 ~
1300 °C, £§f 50 C —1EHr QEEEERE 1250 C,
PRI ] 43551035 8 A 10, 30, 80, 120 min, X Nb-
Ti 1A A B AT AR 0 AT e T oY, #iuih
FRT 208 IR EE 950, 1 050, 1 150, 1250 C, {4
TSR] A7 30 min.

#£1 Nb-Ti HASUROEBLFERS

Table 1 Main chemical composition of Nb-Ti microal-

loyed steel %
C Si Mn Al Cr Nb Ti
0.1 0.3 2.0 0.6 0.25 0.02 0.02

AR HUBBE L, (PR A R R A+ — e
SEORBRPRAN AR SV RAE 55 °C R IEMMZY 1 min, X
WA e e IBE RGeS MR IR B G
REATEA, I DI 1 D00 i 599 17 24 ok
JEE o SRR 3 HEE S LB A RETE (ORI e Ak i)
Hr DA T RN AT ol FH A R B L4 v 4
KA AR, Fe 52 AR ) i 26 750 R B 49 B4
T MRITRG X R OS5 B AE A T2y 10 s BYJE R,
SRR AERE A R MR — )2 JE R 20 ~ 30 nm 4%
JZ, BJe 1 4% BTSRRI A OB, I R p
SAEGTE ST

2 RGN

2.1 BIGIARSRLRK KEUEEF o

Bl 1 B T AR R CARLEEE T A4E 30 min
F B R SRITEAS, [ 2 R THE 1250 C R REF
AN [R) ] ) B A SR 0, 1] 3 R 34 B A
RS 55 B R AR 8] 22 8] 9 R G145



H5H

W, S5 Nb-Ti i 9 P88 — R T~ [81 78 T A S B ER A ok R IR - 141 -

A 1, 3 A, XSGR EEYE A 950 ~ 1000 C
B, BB A A B P 1) R AR R 4/ NES ), P85 8
RRSHZ 30 pmg J& A EFFE] 1050 °C J5, AvRIT
WHRER, PR BRSNS, BERN
1150 °C s, ek FE— G, R Sk RS AS
¥1o), A SR E IR IS dkak T iR, B
AR SRR 21 KR, IR MG B W i . ik

(a) (b) (©) (d)
50_pm 5 O_um 5 O_um

(e) () (g) (h)
50_|,lm 50_um SO_um

TR =T 1250 °C Ja, dkbi P IRTGERLIL . it
TREE I 950 °C B4 hN3] 1300 °C, B G4 ks K~ AL
28.4 pm BEME] 94.6 ym. FIEL 2. 3 ATHN, YN
B 1250 °C B, AFRETE A 10 min H4503 120 min,
BALCAR SRR SF AN 79.4 um B M3 88.5 um, &
LA NSNS 52 L MR NCTRY R P e AR a =)
AR, PR S TRDG ey 4 I E 2 35/

(a) 950 C; (b) 1 000 °C; () 1 050 °C; (d) 1 100 °C; (€) 1 150 °C; (f) 1 200 °C; (g) 1 250 °C; (h) 1 300 C
1 AEIBEKAEERE 30 min B9RKARRSR

Fig. 1 Austenite grain morphology at different austenitizing temperatures for 30 min
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Fig. 2 Austenite grain morphology after holding at 1 250 °C for different time
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Fig. 3 Variation of austenite average grain size with heating temperature and holding time
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