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Quantitative Observation of Grain Boundary Carbon Segregation in Bake Hardening Steels
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Abstract

For the quantitative analysis of grain boundary segregation elements in various types of steel materi-
als, grain boundary observation techniques using a three dimensional atom probe were constructed.
This paper demonstrates the quantitative analysis of carbon atoms segregating on grain boundaries in
ultra low carbon bake-hardening (BH) steel sheets. Since the segregation state depends on their bound-
ary characteristics, the grain boundaries of specimens were characterized from Kikuchi pattern analy-
sis before probing. The concentration and width of carbon segregation on large angle grain boundaries,
which were the main boundaries of this material, were quantified to be about 2 at % and 2 nm, respec-
tively. From this result, the total amount of carbon atoms segregating on all grain boundaries was esti-
mated to be about 2 wt ppm (8 at ppm). This value is very small compared to the intragranular solute
carbon, and thus the contribution of the segregating carbon to bake hardenability is not so large.
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®1 HESBEERS (BEE%)
Chemical composition of sample steel (wt%)

C Si Mn P N sol.Al Ti
0.0034 | 0.006 0.49 | <0.002 | 0.0022 | 0.014 | 0.009
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Mechanical properties of sample steel

Grain size Yield strength | Tensile strength BH*
(mm) (MPa) (MPa) (MPa)
15.2 211 326 81

* 2% prestrain—170°Cx20min
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Example of grain boundary characterization by Kikuchi pattern analysis
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TEM bright field images of specimen tips including a grain boundary
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Results of grain boundary characterization

Specimen  Misorientation angle (°) Rotation axis
#1 47.0 [-0.863, 0.473,-0.178]
#2 47.7 [-0.830, —0.306, —0.467]
#3 534 [0.016, 0.071, -0.704]
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3D elemental maps of specimen #3
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Box: 10nm x 9nm x 7nm
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Example of ladder diagram analysis
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Quantitative results of grain boundary carbon segregation

. Concentration Width C-excess
Specimen
(at%) (nm) (at/nm?)
#1 2.4 0.86 1.7
#2 2.4 1.26 2.5
#3 1.1 5.6 3.1
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