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Effect of Austenitizing Temperature on Intergranular Proeutectoid
Ferrite Nucleation in a V-N Steel

Pingjian Qiu and Michihiko NAGUMO

Synopsis : Intergranular proeutectoid ferrite nucleation in a V-N steel has been examined at isothermal transformation at 600°C with respect to the

austenitizing temperatures. While substantial grain growth takes place, the number of intergranular ferrite grains per unit grain boundary area

decreases with increasing austenitizing temperatures. Non-stationary increasing rate with time is observed. Overall transformation during

isothermal transformation delays after austenitizing at higher temperatures and follows the Johnson—Mehl—Avrami formula for the case of

fast grain boundary nucleation. It is discussed that the decrease in the intergranular ferrite nucleation rate associated with higher austenitizing

temperatures is partially due to grain boundary structures, not merely to the decrease in the nucleation sites associated with grain growth.

Use of high austenitizing temperature is requisite for the intragranular ferrite precipitation.

Key words : proeutectoid ferrite; ferrite nucleation rate; phase transformation: phase transformation kinetics; intergranular ferrite: Johnson-Mehl-Avrami

formula; austenitizing temperature; vanadium steel.

WE

I —2FFA MO T = 74 N ERETIREORAN 7
I 4 MHUZEOMEMAI OB Tk e UGEHEH
NTWB, ZO—DIZV-NIiAH B0, KNT =7
A FABHT B EBO—D L LTEES IR T 5K
Wy 154 POREEREASV-CH LKL TESLE-T
WBZEERLEY, FLTZOEBELT7714 VR
2k 5 CcoBEMEORPAENEI ZLERTELD
12, BRI DA — AT T A4 FRREICEH>TED
EpNLbh I AR LY. ZhoDBRIZ T 7
4 N EHEBR GG LIRT ORI B W THII T 2 V(C, A C
ARINL, 7294 PREDCEEAKFEESLLTH
fREhsb%,

—-75 Johnson-Mehl—-Avrami 2. % FH U 7= #8712 & % 914 7
94 b OERBREOE S, 51T, V-NITIIR AR
PR R 4 & o TR RN E S Th 52 9%
— 2 F F A MEREARRID & > THEBGRE DT
29, L7=->CVNEIZBITARNT = 74 bAERSEMNF
L LUTIAEROBESY? S DR VETH 5. HERIZH
W7 x54 b OBEBLRERY 4 FiZkh 38 _HOKE
PRI XN TVEHY BEATIRR 7 x 74 P ORE
BlooWTTiER SN Twkwy, —7F, V-N#TRNT
T4 MERARE IR T SHIRICE N T, 1300°C L

WIEWE— 27 F 4 MUBESAHOSR TS Z LT
Hxhz. JHIEBEETHALLA -7 71 b2
5 OHEMHIL & VWS ERANAHN» CER I NS H, &
HEMED F2 b ERETHPBETH S, £IT, AR TIE
R 7 294 MEERICRIETA - 27 74 MEGREOE
BriRTszL L

2. EBRAE

21 #EMBLUBHNE
ARSIV NG E 52 BOERREAEMYT, TOEM
B % Table 112R T, A IZEEERIFICTERI N,
B AR TIC X 5 T 5mmex60 mm DH#RL & L
2o ZOESIZHEBELZEM» S, 3mmex10mm D For-
mastor FlERERH A YT LT, Fig. 1SR T & 5 B %
Fot. Thbb, £— X7+ 4 MMEERE % 1000~1300°C
TEL X2, 20minfR¥F L 72, 600°C THFIRARE S H 72,
600°C 1312 L 72 & D ICYSRE I W TERERG D
) —XRERETH 5, FIRERIZ BT SEROMREZEL
dhigh & , FREROBEZE(L 2KkD 72, 510, FREE

Table 1. Chemical compositions of the steel (mass%).

C Si Mn S Cr \% N
0.24 0.31 1.49 0.049 0.31 0.13 0.0211

ERE104E7 B 10 B2+ FR104E 10 H 19 B2 FE (Received on July 10, 1998; Accepted on Oct. 19, 1998)
% R A A 2R (Graduate Student, Waseda University, 3-4-1 Okubo Shinjuku-ku Tokyo 169-8555)
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Fig. 1. Schematics of thermal history (a) isothermal trans-
formation, (b) interrupted isothermal transforma-
tion at 600°C after austenitizing between 1000~
1300°C.
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Fig. 2. Isothermal transformation rate at 600°C after
austenitizing at various temperatures.
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Fig. 3. Increase of average austenite grain diameter with

austenitizing temperature.

U7 90K (£ d 2> 5 LT OBIR WA S 3HE L 7=,

ZITNIZHAR XY 0 PMRE+ — X7+ 14 MRRE
DOPEIRRAOB(mm ™), FHYIMR RO TE 5.

3. XBHER

Fig. 2i3& A — 27+ 4 MELBEIZ DWW TERERD IR
ZALETRT, A—2FF 4 MUBELAEL 3 I2oh (%
MAEREIE LB KB,

Fig. 313 MBGRE & T4 — 27 4 PSSk RO B%
ERY . 1050°CLL FOMELTIZA — 257+ 4 b KifEHH
2L, FRFEIHNSum TH B4, A —25FF 4 FMLE
ER@ B3I O TREBKENLKEL KD, 1100°C,
1200°CTO X — 27 F 4 MLAEEM OSSR IFITZ N F
N20,45umE THRET 3.

Fig. 4138 %5 54 — 27+ 4 MLIEE THEE, 600°C
THRERELEZBAED 7 2 74 FROWIER 4T,



V-NSOR R 7 = 74 PERIZRIET A — 27+ 1 MUREDORE

Fig. 4. Intergranular proeutectoid ferrite during isothermal transformation at 600°C after austenitizing at (a)~(c) 1050°C and

(d)—(f) 1300°C, respectively.
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Fig. 5. Intergranular ferrite images for quantitative analysis.
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Fig. 6. Increase in the numbers of ferrite grains per unit
area of polished plane during isothermal transfor-
mation.
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Fig. 7. Increase in the numbers of ferrite grains per unit

length of prior austenite grain boundaries on pol-
ished planes during isothermal transformation.
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Fig. 8. Johnson-Mehl-Avrami plot of the transformation
rate shown in Fig. 2.

Table 2. Numerical values of constants in Eq. (5) for a
J-M-A formula.

Temp.(C) n k (X 10%)
1000 0.88 401.1
1050 1.08 113.9
1100 1.24 31.42
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Fig. 9. Thickness-wise and length-wise growth rates of in-
tergranular ferrite. & and f in Eq. (6) are denoted
in the Figure.

Fig. 10. Optical microstructures of specimens isothermally
transformed at 600°C after austenitizing at various
temperatures.
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Table 3. Expected thickness of intergranular ferrite (R)
and time when proeutectoid ferrite precipitation
finishes along boundaries of austenite grain with
various diameters (d).

Temp.("C) d(um) R(cm) t (sec)"?
1300 54.8 0.00098 3139
1200 433 0.00077 1949
1100 20.4 0.00031 310
1000 8.9 0.00015 76
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11. Time dependence of intergranular ferrite nucle-
ation rates obtained from Fig. 6 and Eq. (4) for

various temperatures.
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Fig 12. Dependence of of intergranular ferrite nucleation
rates per unit area or volume on the inverse of
austenite grain diameter or austenite grain bound-
ary area per unit volume.
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Fig. 13. Rate constants & in Eq. (5) as a function of austen-
ite grain boundary area per unit volume.
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