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Precipitation of M,,C, and ¢-phase in d/y Duplex Stainless Steels

Yasuya OHMORI and Yasuhiro MAEHARA

Synopsis :

Precipitation of M,,C, and g—phase during isothermal aging of 8/7 duplex stainless steels has been studied
mainly by means of transmission electron microscopy coupled with energy dispersive X—ray analysis. Mj3Cg
particles form either at 7/7 or at 7/d boundaries. The particles are crystalographically related to either one
of the 7 grains at 7/7 boundaries or the y grain at 7/8 boundaries. The M,;C4 particles nucleating at 7/§
interface boundaries grow into the untransformed é—ferrite as an M,;Cg/new 7 eutectoid structure. The
habit plane is the {111},//{111}1,,c, Which is most parallel to the edgewise growth direction. Since C
atoms forming M,;Cq are supplied from the 7 behind the eutectoid structure, the reaction will finally stop
after entire consumption of C atoms. Then g—phase particles nucleate on the d/new 7 interface boundary
in Nenno orientation relationship with the new 7, and grow into the d-ferrite as a ¢/d cellular structure
with the (001),//(111); habit plane. In some cases, impingements between ¢ and 7 grains nucleating
separately occur, and result in a tangled eutectoid structure without any specific orientation relationship.
Since the partition of alloying elements between ¥ and d-ferrite phases accelerates precipitation of both
M,;Cs and g—phase, the solution treatment in the d-ferrite single phase region largely retards these reactions.
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Table 1. Chemical compositions of steels used.
(wt%)

Steel C Si Mn P S Cu Ni Cr Mo W N

2.85 0.29 0.106

47 0.86 0.010 0.004 0.48 6.47 24.7
7 6.40 24.9 2.80 0.28 0.116

43 0.90 0.011 0.005 0.4

oo

DPFTE DO IREE THIE O RSRAR) L7z,

M,3Cs & o fH%Z BERYY a7 XEBRIHEC L 2oT
TR Lic. SBREE LM s HARE T
(TEM) & X b 7ot KBS EZ I KOH k¥
BHPCOERBBRET I OoTHBEZBH L, TEM #HzZi
i 104 HCl, ¢ CH;COOH HEH* Aoy = » b &
)y VAR IO CHEEXER L, Hiz H-700H #E
FHEBEEY AVCTIEEE 200kV 2L, TEM kIO
STEM-EDX = — V&t L CHEBZ L ik 7o
7.

3. R B ¥ R

3.1 (H¥EMESHERE XKRF

Photo. 1 % A, B W% 1073K ¢ 1 min Fegh 7=
L EFOMABICE LI THEALABRE OMEYRT. A
i (0.02%C) % o/r 2MkTHH 1328K CHEMHML
LA, rHOSBFRBEEREE FoRBEHELL
Tkbh, FEHMC BHLLE BRA—ATF 4 b2 R
PEHRRIE LA D E o> T w3 (Photo. 1(2)). B
(0.1%C) TR\ Titr HOBNAFICHNTRoR%L 0
D7z, Photo. 1 (a) LEHLoOMBHLBEEIhL. —
HOBERTH B 1623K THEIL LB ikt
U7l 0-7 = 51 PRLE RRHRE~D Bmsvhc 4t
B L7 Widmanstatten Ro> y M43 0 RN L0 6 R R
CIRDTHHE LT3 (Photo. 1(b), (c)). o
&b rHOBRCoOMWEREWC LoTHML T3,

943~1193K Rshic L5 MyCe & o MO EEES
1323K 3 X0 1623K THEME(L LoD EhEFRIC

i

(a) Steel A (0.02%C) ; 1323K (b) Steel A (0.02%C) ; 1623K (c) Steel B (0.1%C)
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Fig. 1. C-curves for the precipitation of M,;Cg
and ¢g-phase. (a) Steel A, (b) Steel B.
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Photo. 1. Microstructures of the specimens aged at 1043 K for 1 min. Solution treatment temperature

are indicated.
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Photo. 2. Formation of y laths from the super-
saturated §—ferrite matrix on reheating to aging
temperature. (Steel B, solution-treated at 1623
K and aged at 1023 K for 1 min.)
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Photo. 3. Precipitation of M,;C; particles on a
7/y boundary. Micrograph was taken in three
beam condition and the _é vectors are [111]y and

[022]7. (Steel B, solution-treated at 1323 K and
aged at 1073 K for 60 min.)

Photo. 4. Migration of y/¢ interface boundary in
a low carbon Steel A during aging. (Solution-
treated at 1323 K and aged at 1123K for 2.5
min.)

Photo. 5. Eutectoid decomposition of §—ferrite into
Mj3Cg¢/mnew 7 cellular structure during aging in a
high carbon Steel B. (Solution-treated at 1323 K
and aged at 1073 K for 7.5 min.)
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Photo. 6. Nucleation of ¢/ cellular
structure at §/new 7 interface bound-
ary. (a) Bright field image, (b)
dark field image using a (330) , reflec-
tion, (c) selected area diffraction
pattern of the area shown in (b),
and (d) schematic representation of
the diffraction pattern. (Steel B, so-
lution—treated at 1323 K and aged at
1073 K for 7.5 min.)
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and g-phases in NENNO orientation relationship. T - N -
(Steel B, solution-treated at 1623 K and aged at ?{)“)'C‘ BT B85 ShAS 14 ERAO BRCHD
1023 K for 100 min.) rs CIHOTHER KDDL L oL rp EORMIXALOD

fES BB LA L 7t 5. Photo. 9 ik HTHIEK
BB Rons oy KO —fERT. A

Photo. 8. Formation of coarse ¢-phase
particles at d/new 7y interface. (a)

Bright field image and (b) the dark
field image using the reflections from
ra and g-phase. The y shown as yj
in (b) and s-phase are in NENNO
| orientation relationship, and yg is twin-
related to ya. (Steel B, solution-
treated at 1 323K and aged at 1073K
for 7.5 min.)
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Photo. 9.

o/new 7 eutectoid decomposition
product without any specific orientation rela-
tionship. (Steel A, solution-treated at 1323 K
and aged at 1073 K for 20 min.)
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Photo, 10. The partition of alloying elements
among 7, ¢ and M,,C, particles in Steel B aged
at 1073 K for 100 min after solution treatment
at 1323K. (a) STEM image, and (b) EDX
analysis,
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Fig. 2. EDX analyses of alloying elements in
various phases.
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Fig. 3. Schematic illustration of
< M,,C¢ precipitation on y/y bound-
ary. (a), (b) : triangular shape,
(c) : approximately cubic shape
(c) comprising (a) and (b).

M2:Ce
(b) (c)

(a) Edgewise growth of M33Cs/y eutectoid structure
with the diffusion paths for alloying elements.

(b) Final morphology of M23Cg/y eutectoid structure.
(¢ ) Nucleation and growth of ¢/ eutectoid structure.

Fig. 4. Schematic illustration for the growth of
the M,3Cg/7 and the ¢/y eutectoid structures.
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Fig. 5. Atomic configurations on (a) successive
two (001), planes, (b) (111); plane and (c)
(110) 5 plane,
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