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Fe-0.04C-3.00Mn-1.85Si

250um

766°C-1hr

751°C-1hr
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Mn Segregation at o/y interface in Fe-
0.04C-3.00Mn-1.85Si, isothermally held
at 751°C. }

Reaction | Fernite Segregation, (monolayer)
fime precipitate 1D - -
1 (S4B-F1) 0.00+0.02
2 (S4D-F1-11) 0.42+0.14
600s 3 (S4D-F1-12) 0.47+0.17
4 (S4B-F2) 0.57+x0.19
5 (S4D-F2-11) 0.57+0.21
1 (S3E-F1) 0.17+0.09
500005 2 (S3E-F6) 0.36+0.14
3 (S3C-F7) 0.64+0.24
4 (S3C-F8) 0.70x0.25




Experimental

Composition of the alloy:
Fe-0.37C-3.00Mn-1.85Si (wt%)

Homogenization:
1200°Cx96 hrs, furnace cooling.

Isothermal heat-treatment:
900-1200°C

656°C (salt bath)
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0.37C-3.0Mn-1.85Si
o+

zero partition envelopes
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STEM analysis

Edge-on condition =

Beam spreading in Transmission:
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Sanning Mode

Incident electron beam, (E,, |,)

Interface X-ray spectrometer
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perimental conditions: 4
50KeV, 1,=10"°A,
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Raster scanning:. Collecting time >= 150 s

25nm

STEM image of an edge-on o/y interface:
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An illustration of Mn profile across an o / y interface. _
Cs Is assumed to be a constant across the interface.
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._s':lsoacﬁvi’ry line for C iny

Manganese, mass%

Manganese, mass%
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An illustration of Mn profile across an o / y interface.
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ACs: excess Mn at
interface, obtained by
subtracting the shadow
area from Cs
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A simulation to obtain Cs
17 (X, X, Yo, t) = j j j j (X, Xy, Y, )C (X)dxdx,dy,dt

N e xp[_ <X—Xo>2+vq
2 2

7z(20' + ft%) 20° + B’
47 jz P

|. the electron probe distribution p= 500[ E
| the total current in the incident probe
- X0, yO: the position of the incident beam relative the original point
. 3-dimensional axes h: the thickness of the sample
\atomlc weight Z. atomic number
E,: incident beam energy (eV)

p: dené}g (g/cm?)
o: standard de -Jt__ion (=0.33)
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Description of the segregation at the interface

A
Boundary coverage T : ['=pe —ACW,

. . | Ag
P.ve. density of the interface in atoms/nm3

AC.: composition of the pure segregation (excess Mn at
Interface)

A, and A; : atomic masses of the segregant and the
matrix

w;: assumed width of interface

Monolayer: 17/18.90

A value of monolayers contains a2 segregant atoms per
unit area where a2 is the atomic volume of the segregant.

o Mn: cubic, 8.89A, 58 atoms
1 monolayer = 18.90 atoms/nm?
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Interface: Type |

No spike observed at the interface.

The Mn concentrations both at the interface and adjacent
matrix are close to the bulk composition.
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Interface Mn apparent Mn segregation
designation concentration, at interface,
(Cg) in mass % (monolayers)
. » 1 3.2 0.07£0.03
: 2 3.1 0.09+0.03
| 3 3.9 0.12+0.04
4 4.0 0.27%0.06
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Interface Type |l

Mn spike is much larger than 10 nm.

Interface | Mn concentration, (Cg) in Mn segregation at
designation | mass % from extrapolation | interface, (monolayers)
to interface position.
1 5.0 0.31%0.07
2 6.7 0.39£0.09
3 7.2 0.42%0.10
4 7.3 0.44%0.10
‘ B 5 7.4 0.46%0.10
r';f# 6 7.7 0.46%0.10
\H?ﬁx - 8.1 0.50%0.11
oy -8 7.2 0.59+0.12
' 7.2 0.73%0.14
/. 9 0.8810.16
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Interface: Type llI | "

No obvious Mn spike observed.

¢ ) e S J:: i

Interface Mn apparent Mn segregation at Mn segregation,
designation | concentration, Interface, (monolayer)
(Cg) in mass (monolayers) subtracting a 10nm Mn
% spike
5.1 0.44%0.08 0.12+0.05
5.4 0.52%0.10 0.17£0.06
5.6 0.38+0.08 0.18+0.06
5.7 0.53%0.10 0.22+0.07
6.3 0.60%0.11 0.34%0.08
6.6 0.74%0.13 0.47%+0.10
6.9 0.77+0.14 0.47+0.11
7.2 1.02+0.17 0.60+0.12
g 8.7 1.25%0.21 0.87£0.17
9.8 1.48+0.24 1.10£0.20
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A measured Mn profile across a ferrite/martensite interfaée._'?ﬁa'f*-*
A spike less than 10 nm is hard to be detected due to the | r
limitation of the instrument. »
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Summary (1)

At 656°C all observed ferrite particles are partitioned In
a Fe-0.37C-3.0Mn-1.85Si alloy;

Extended Mn profiles are observed at some interfaces.
The extracted diffusion coefficient of Mn is larger than
Wells and Mehl’s value; it is thought that excess
vacancies are responsible.

Mn profiles differ from one interface to another, even for
a given ferrite crystal. We attribute this to a small
variation of Mn concentration in the initial austenite.



Summary (2)

The majority of the Iinterfaces studied approached a local
equilibrium composition; the mobile interfaces tended to possess a
similar level of Mn segregation, of the order of a half-monolayer. It
IS thought that this represents an equilibrium value.

The results fell into three groups:
1) One set for which there is little or no apparent segregation
of Mn; these interfaces are thought to be immobile;

2) A second set for which extended Mn profiles were found in
the prior austenite. For these, local equilibrium concentrations
as well as interfacial segregation values could be inferred.

3) A third group for which, due to instrumental limitations, no
unambiguous interfacial segregation measurements could be
made. For these, it was not possible to distinguish between
segregation to the interface and a limited Mn spike in austenite.
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An example of Computed interfacial segregation; variation
with assumed width of the interface (w) and foil thickness (h).

)
Assumed interface Segregation (monolayers)
width
(nm) h=150nm  h =200nm h = 250nm
0.001 0.52+0.08 0.63+0.10 0.7240.11
1.0 0.53+0.11 0.64+0.13 0.74+0.14
0.55+0.12 0.66+0.15 0.76+0.15
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