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Abstract: It is significant theoretically to study the nucleation mechanism of the phase transformation products of the
supercooled austenite. 20MnCrMo, 60Si2CrV and other material were respectively austenized and isothermal quenched
at the different temperature to obtain pearlite, bainite and martensite. The nucleation of the phase transformation prod-
ucts was observed by QUANTA-400 environmental scanning electron microscope and JEM-2100 transmission electron
microscope. It is found that pearlite, bainite and martensite can all nucleate at the crystal grain boundary of austenite
preferentially, moreover, lower bainite and martensite can nucleate in the austenite crystal grain interior. The pearlite
crystal nucleus consists of two phases of eutectoid ferrite and eutectoid cementite, which can coexist. At the temperature
range of 700°C - 650°C, the dimension of the pearlite critical nucleus is about 150 - 70 nanometer and the critical nu-
cleation energy is 155 - 292 J/mol. Bainite nucleates in carbon-poor region and the bainite crystal nucleus is single
phase (BF). The dimension of the bainite ferrite critical nucleus is 16.7 - 25 nanometer and the critical nucleation en-
ergy is 2.7 x 107 J/mol. The dimension of the martensite critical nucleus is 17 - 20 nanometer and the critical nucleation
energy is 200 - 600 J/mol. The results show that, with the decrease of the transformation temperature, the dimension of
the critical nucleus is becoming smaller and smaller and the critical nucleation energy is getting larger and larger. The
nucleation of the phase transformation products of the supercooled austenite is a gradual evolutionary process, which
accords with the general rule of the phase transformation nucleation.

Keywords: Supercooled Austenite; Pearlite; Bainite; Martensite; Interface; Crystal Nucleus; Heat Activation
Transition

ROt DR, DREHETHMZ

XNE G, tEE, EEF

NEERHECREM R Sih ek, Bk
Email: lzchang75@163.com

ek HW: 20124612 H 1 H: &EEW: 2012412 H 16 H; FHEM: 20124 12 28 H

B iR R R AL I B RS NME . KA 20MnCrMo. 60Si2CrV Z5f1kl, BRI
S TEA IR BE AT SR IR AR B, fREOef . DUIRMA, D IR, B QUANTA-400 Z4494 4. JEM-2100
BRSNS EAZ . KL BRobiR. DUIRAAR. B AR e 7E B IR i b A%, T LIRIR. 5
IARTLE f N A% . BROGAR A% B LA Bk AR B B AR AR ZE R, JEHT LA, 78 700°C~650°C, BRJGMRIE F
s A% RSF F = 150~70 nm; AL AGT = 155~292 J/mol. DU ERARAE B ERAR (I Z0R% X A%, dii A2 B M (BF),
HIGRRE o =16.7~25 nm, I FIEINAG" = 2.7 x 10° J/mol. = ARG T &A% R ~F 218 17~20 nm, A%
2924 200~600 J/mol. B E EE PR, 5 Gk R SFBoRERN, iAZ DR K . VA B AL AR =)
TR — A BRI AR, TR E AR AL I — oA

XA W BRI BObik; TRAS SR S AR RIS ERIT

HEETH: M EEXEEEG SR E (20071911).

72 Copyright © 2013 Hanspub



Botik, DR, 5 IRIRARAR KT

Tk

1. 5|

Ve B MBS RS, R
Mo il — IR AR — B [RARFL AR, 58 pIX LA AR AR
A BEEACKIE R BROGR DR 5 R AAAH
R HTE LA — BB Z RN AIE W SR T, %
EALEIIFRE JIERE . N EE . &5 s
ICER G T 25 TP AR B A e b o v B IR B 22 P 1 1)
TEAZAE DL, WEIC T IAENLEE, THE 1 i 5 oK/
TERZT o AR AEARAEEA T E SRR TEAZ R FC
BRI — AN B4

2. I RWATT A

KH 35CrMo ZEZ RN &4, VIl 4 mm EE
WAL, IR, SRR EE] Ac LU ANFRIENE
R, SR IR E ML, SRS WA
ZEG. Pk, IRIR, 7E QUANTA-400 B4l FLBE
JEM-2100 %5 HLBE G ILAR T AZ 1B L o

3. BRI TIRZ
3.1 BRI

B 1 JTR 79 20MnCrMo SN ER ' A 7E B ER A4 7 7 Ak
RIS B, AT, BROGIRAE JR B Rk
A AR BRI RS RAN, - £9°0.2 pm.
POt Bz m kR AR NS AR A R, ARt
FFONBRRAE, HSFONBRER AR (B R ) -

BROLAR PR IE ¥ B R AR A 7 A 1740, Eh A
(F + Fe;OR i, & —ANEEAR, 1970 g UL (7 )

Figure 1. SEM image of nucleation and growth of pearlite along
crystal grain boundary of austenite in 20MnCrMo steel
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Figure 2. Sketch map of pearlite nucleation along austenite crystal
grain boundary
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Figure 3. SEM morphology of bainite ferrite nucleation along the
crystal grain boundary in 60Si2CrV steel
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Figure 4. Sketch map of formation of bainite ferrite crystal nucleus
at the phase interface of austenite

B 4. MREHEREEEEHEARFEFTT LERRER

Copyright © 2013 Hanspub

VL R T

SFRIEAZIIN: @’ =16.7nm; b"=1.5xa" =25nm .
AG*=270]-mol™" .

AT, DR R ARG S S A2 RS o FEAZ D)
AG™ 5 FtTRe . AHARDRE) ). WARRER OC. DLIRAK
FHAR IR ORI, AHARIRE) /oK. AR REHBRoR, 1
MG S RAEAZ D) . IR AR I — Ao e, e
ARG, AR, I RGN TR
PAAHAZ i BRI, A% RS

B LGS A AL DI N I . THEA DL IRk
BREMIEAZIN AG" =270 T -mol ™ o %{H 5K 11
FHIERL, RGN, ERKFEREREREEIN, &
S AR IRA S E N B S, DRI HAE /N T AR AR DX
FIPALOE VORI

5. W5 RIEETRIFZ
5.1 DRGHZNFNE

KM 1Cr13. 60Si2CrV. Mnl3. Fe-1.2C &4
Fe-15Ni-0.6C &4>. Fe-1.4C &4 FREBEELEHEL,
PEE I ARG K, 155 IR S, 0 M52
KO, BRI S B, elE RN IEZ.
5 2T LR RS ion B I T A b A B
Kl(a)y 60Si2CrV X5y [k i B8 A4 dy S A% K
K (OM); El(b)ATR N 1Cr13 WA A 7
FHf IR B K KR BL(TEM):  B(c) %
BRI By [y A A0 58 - BRI ST BT A )
FEIL(OM);  El(d) N 20Cr2Ni4 BRI #] 1200°C,
PRI G VK, 4 P B L2 1 IR 4 2K HE A (SEM) .
Moxsegge ] W, B AR e TE S A AR T E
o TR BLIRAA i S KRB R KR, AT DASE
NI R . B 1 AR AH AR T AL A A A AR Y —
R

5.2. XTI ERAERIZIE]

H 20 4l 40 FFARE4, HME X KA AEAR
FIFAZALHI BT 7 3 70 246, MIISITAZRIE
SITEARHIEARKE RS, WK T 5 B I 5 SE Rl 756 1)
TEREHLE] . B 1956 ~1972 FEHEH T K-D {4
P ERAZ SR . R . AR R A A S5 R
EITAZALAIN o 3k 1 R R TR B4 485 5 B AH v TS A7
TE AL BRI RZIE o (R IE 4 A AR B LI E

75



Btk NRAR, S R RTEAZ

Figure 5. Morphology of martensite nucleation and growth along the crystal grain boundary
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Figure 6. Sketch map of the formation of martensite crystal nu-
cleus at the austenite crystal grain boundary
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