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ABSTRACT The nucleation and growth behaviors of § phase in stainless steel AIST 304 during
heating have been observed in situ by using a confocal laser scanning microscope. The results show
that the § phase appeared preferentially at the + grain boundaries in a temperature range from 1300
to 1400 'C, and precipitated eruptively within the v gains at above 1410 *C. The § phase formation
is mainly controlled by the diffusion of Ni atoms. With the increase of heating rate, the size of § grain
decreased, the §/+ planer interface became unstable, and a certain secondary branch appeared. Most
of § phase grew in the non—faceted style, and the others in the faceted style at first. The edges of some
faceted & phase were passivated to non—faceted style during phase transformation. The mechanism
of the growth interface instability for § phase was discussed by using a planar interface theory. The
transformation reason for growth style of § phase was analyzed by using the crystal dynamics theory.
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AIST 304 REMIRFEMLFH S (RESE, %)
#: C 0.06, Cr 17.08, Ni 8.36, Si 0.63, Mn 0.70, P
0.024, S 0.012, Fe #&. mARBNARMICRERNY
5 mm, &0 3 mm BFEAEIRRE, B S AERE
¥ 1 min, BTSN CLSM AR iy, S HERS,
Findh:  AISI 304-1 5 AISI 304-3, 15 min PIHZEE
FF& 1500 'C; AISI 304-2 5 AISI 304—4, 10 min PN
EIRFE 1500 C. FIHBHBE RS, RAWEIRFLE
It FE AR B R R, RIS AL SO .

CLSM FE iy @Ay, BHWEmsIER%E. <k
R, ARG, LIEGR. BERS. MULRSGSHAH
B AR RGP R HALAMTE REIR, 3 AW RES
M EEN. CLSM R4URERIME 1 fR. MEkX [E %
Ef% 10 mmx 10 mm; IR EITEE 50—1600 C; £
KInPGE N 300 C /s; FRIHRERMRAE £1 CZ I,
TR P ZR 40 4 ) S Y. L AMUS R 45 R Lasertec 3t
RO B MR He-Ne BOGTE, R4S IR
SERFEMR, PILARACER IR B AR, R 6%
R, KRBT Z 5K, R EEEEER G
RERESE, B LR S0 U S 4.
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Fig.1 Diagrammatic sketch of the CLSM system
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B 2 24 AISI 304-1 AFEMiHAuTEF (100 C
/min) §AAEAL. HE 2a 70, 7E 1313.2 CHE & 4f
Ty R AbATH, TIAERRL PRI 6 MM, R
O FHTE v BT, ABAEHLS A y—0. BEHIR
FEFtE, 6 AHZEE v dR AR, Ry SR
B 6 A (A 2b). 1425.7 CHf, & Al 6y SEiE, MiZZ
B i B9FE 6/, R 61 M 02 BFFA 6

K, (B 2c). M4EETHE 1453.0 CJ5, L MIFEHI,
i & FERFRAM R H 1425.7 CHEA R RIS (B 2d), #8
WL N y—6+L, AL FREBTEE /6, 6/L, v/L
M 0/0 HAIE. 1460.1 CHE, ~ tHIER, HALME 0
L WAHAR Hob, 66 Fmzd < T, 1m L AR
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R EE S KR Ni B sz

ANENFHRLES, v SEFEHYT B E R EE,
ff Ni JFTERA LRy BRENESSE; 6 7 N,
iy AE NIl i, 5y Rolittgr, 6 ABsETE Ni g
MEZH Y BAMER. CLSM WMEEH, T AISI
304-1 RN, 7F 1300—1400 CZ 8], K& v dhiitab
HEL O AH, T 0 AHKELE v SR EHE L (BRI TEA)
EAE 1410 CL L.
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TFRIZAHEE, NiJEFH 0 M LA By 5, 0 A\
L %675
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(FHE#HZHK A 150 'C /min). AT W, 7£ 1417.7 CH v &
R T AR 0 M, Ty MRAEEILGHERY 6
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HHIE]. REFFE 1456.2 CJ5 (& 3b), v SR HA KR
BN/ WREDREY & AH, FHEH & M2 EAELE R B A0 R,
FHAIXLE 6 FB T AR 0 Skl 6 Sk RS/ FFE
BT AISI 304-1 #fy 6 dkr (& 2), dikal4n, AISI
304-2 W § MR E T AISI 304-1 iy § 48, H4
s Y
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PIPGEFG R, SRERKR, 0 AT, AT
BERR 0 MATEZE, B0 SRHEE FHEE R KT
L. BT v EPUBEER A LEE, Bl 0 AHTE v A
BT TR R, AT T B B KA i VR AR AR IR B0 77,
FEI 6 ASEHE v R, B 2a 5E 3a.
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Fig.2

2 AISI 304-1 REMINPGLRES & AN AT R RALNEE
In situ observation of the precipitating behavior of § phase in stainless steel AISI 304-1 during heating with
a rate of 100 C /min
(a) 1313.2 'C, & phase appeared firstly at v grain boundary (b) 1411.8 C, § phase appeared within
v grain (c) 1425.7 ‘C, §/6 boundary appeared with the growth of § phase (d) 1453.0 'C, L phase
appeared (e) 1460.1 ‘C,; §/6 boundary transfered to L phase (f) 1464.0 ‘C, § to L phase transformation

B 3 AISI 304-2 AEEMMMAAGE R & AT Ay R LIS
Fig.8 In situ observation of precipitation for § in stainless steel AISI 304-2 during heating with a
rate of 150 'C /min
(a) 1417.7 'C, 6 phase appeared firstly at v grain boundary

(b) 1456.2 'C, ¢ phase precipitated eruptively within the v grains
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WS T R K B RS, TR 6
L P NVEELH B, B ET S REL A N,
HAK AEKREE § GE LAY, REHE Ni BT
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Fig.4 In situ observation of the transition of growth style for § phase in the stainless steel AISI 304-3

during heating with a rate of 100 C /min
(a) 1422.3 C,
(c) 1457.6 C,

faceted § phase appeared
81 neared to 8o

(d) 1462.7 C,

(b) 1443.7 C,

faceted &1 transfered to non—faceted style

&1 grew fast upwards
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Secondary branch

B 5 AISI 304-4 RHMNMTEA § MEKRWEBYFEALME

Fig.5 In situ observation of the instability of the growth interface for § phase in stainless steel AISI 304—4 during

heating with a rate of 150 'C /min
(a) 1447.5 C, faceted 61 precipitated

other secondary branch of §; formed and neared to &
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TR BRI IR .

(4) & HIMT BT LS NEE X, 50 AR /N

(b) 1447.5 C, secondary branch of §; appeared (c) 1449.6 C,

(d) 1455.6 'C, coarse branch of é; appeared
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