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Zeta-factor Determination for Quantification of Grain Boundary
Segregation of Trace Elements in Steel by STEM-EDS

Keiko YAMADA - Dr. Yuya MURATA - Dr. Kazushi HAYASHI - Dr. Toru HARA

By

HAPF OB IFEZ FIE T 5 5 2T, Mtz 5] SR 2SRRI TR EDOERIIEE TH 50 K FURHT
THEOWHEIIE, nmY A ZDOER PRSP LETD 5720, T H )0 F — 55 XM 8 & #58R L 7 A i A
BFHEHSEPHCONDL 2 e, UL, EROERETETIE, XBOBNEZEEBIZANTHW RV 0, Rt
AT 2 LIS E R A 2 CIEWNEETH 20 ZORELMHHRT R, T4, XBROWIRAIE 2 IR L 72 ¢ W+-%E5°
I SN TV Do AFITIE, A-EARBHIIN THAM & Bl % DM Tk 2 MG 72 2 ¢ 1378 TRRHE R,
DYERTFEIZOVWTHE L, BoN2RNFOZLAMZMAEL 72 TOMR, EEREFEETHERLZ) Q) 2&
WS WEARZ WL 22X, (HFPENRTHL 2L 2 RWIEL7,

Abstract

In controlling the mechanical properties of steel, it is important to quantify the amount of grain boundary
segregation elements that cause brittle fracture. The measurement of grain boundary elements requires
nanometer-sized spatial resolution, hence a scanning transmission electron microscope equipped with an energy-
dispersive X-ray spectrometer is often used. The conventional quantification method, however, does not account
for X-ray absorption, making it difficult to accurately quantify the amount of grain boundary segregation
elements. In order to solve this problem, a zeta-factor method taking the X-ray absorption correction into
account has been developed in recent years. This paper relates to two types of standard samples for { factor
measurement, these samples being prepared by combining semiconductor microfabrication techniques with
various analytical techniques, and verifies the validity of the { factor obtained. As a result, it has been found
that the ¢ factor can actually be measured by using a thin film sample prepared by the direct film deposition

FEATURE : Prediction and measurement of microstructures and properties in materials

method with reduced waviness.
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Table 1 Comparison of {-factor method and Cliff-Lorimer method

E-factor method

Cliff-Lorimer method

Absorption Possible
correction

Impossible
Error serious for light elements

Standard  Pure-element or multielement

sample  sample with known

composition and thickness

Multielement sample with
known composition

Results  Composition (mass%) and mass Composition (mass%)

thickness (kg/nm?)

—Boundary coverage”- 1%

(atoms/nm?)
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Fig.1 Preparation flow of a Fe or Mn thin film by “lift-off method”.
Cross-section and the corresponding optical images are also
shown
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Fig.2 Closs sectional view of Fe or Mn thin film deposited on a
TEM grid mesh with carbon-supporting film (left) and optical
image of the Mn film on copper grid (right)
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Table 2 Results of the calculated {-factors for pure-element films and standard sample (SRM2063a)

Deposition Sample Thickness Thickness {-factor Error of the
method measurement (nm) (kg/m?)
method

(e Lift-off Fe XRR 109.37 217.8 0.6
Surface profiler 114 227.0 4.2
Direct deposition Fe Surface profiler 99 235.9 5.0
Direct deposition SRM2063a  Surface profiler 76 238.9 54
Cuin Lift-off Mn XRR 116.91 166.4 0.5
Surface profiler 127 180.8 3.5
Lift-off Mn/Fe Deposition rate 100 195.4 4.7
Direct deposition Mn Surface profiler 115 201.5 4.2
Direct deposition SRM2063a  Surface profiler 76 233.0 5.3

60 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 71 No. 1 (Jul. 2021)



F 3 SIHEAM IR L 72MiFe 3 X OHEMn B XRRIZ & 285, W,  ZRTAHLEE I 245 5
Table 3 Density, thickness and roughness of (a) the Fe film and (b) the Mn film on Si substrates obtained by XRR

(a)

(b)

Density  Thickness Roughness Density  Thickness Roughness
(g/cm?) (nm) (nm) (g/cm?) (nm) (nm)
Surface Surface
layer 5.00 2.56 0.46 layer 5.59 6.71 2.04
Fe layer 8.01 109.37 0.75 Mn layer 7.20 116.91 1.50
Si (2.33) 0.80 Si (2.33) 0.57
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3 (a) Fe/Si (M) & Mn/Si (F#) ORBSARZ Mv, (b) Fed#li, (c) Mn#IZH1F 2 RBSAR L D HEE LR S — {0 Bk
Fig.3 (a) RBS results of Fe/Si (black dots) and Mn/Si (red dots), estimated film depth vs. elemental profiles of (b) Fe, O, and Si in Fe film, and

(¢c) Mn, O, and Si in Mn film
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Table 4 Composition (at%) of the Fe and Mn films
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Fig.5 Thickness (a) and Fe concentration (b) of SRM2063a plotted
against different measuring positions by 4 detectors
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