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X-Ray Fluorescence Analysis of Al-Mn Coating in Al-Mn/GA Dual Coated Steel Sheets
Shigeyuki Mori, Yoshiro Matsumoro and Masaru Age

Synopsis

: Al-Mn electroplated galvannealed steel sheet has been developed due to its corrosion-resistibility. In the analyses of

metal coatings, the x-ray fluorescence analysis (XRFA) has been applied because of its advantage on speed and non-
destructive nature. The XRFA needs, in general, the analytical curves that describe the relationships between the
fluorescent x-ray intensity and the coating weight or the composition. To establish the analytical curve, many standard
specimens are required, that need lots of money and time to prepare.

Although the standard-less analysis technique of XRFA known as the fundamental parameter (FP) method has
solved this problem, it sometimes brings errors to the analytical values. It is because the FP method assumes that the
specimen is completely free of inhomogeneity, i.€. the coating weight and the composition is constant at least over the

irradiated area.

Therefore, we developed the analysis method for the specimens that have inhomogeneity to some extent; the
measured intensity was corrected according to the inhomogeneity ; using this corrected intensity, the specimens were
analyzed by FP method. As a result, the Al-Mn coating weight and the Mn concentration were determined as accurate

as 0.24 g/m? and 0.96 mass%, respectively.
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Fig. 1. Secondary electron image of specimen (G2-3
30) cross-section.
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Table 1. Characteristics of specimens.

Al-Mn layer GA layer
mark [coating wi| Mn conc. [coating wt| Fe conc.

(gﬁmﬂ (mass%) (g/ﬂz) (mass%)
G1-1 30 2.5 19.5 32.1 10.0]
G1-2 30 4.5 19.7 34.0] 10.8
G1-3 30 9.3 19.6) 30.0 11.1
G2-1 30 2.7 25.2 30.6] 10.8
G2-2 30 5.0 26.4 314 9.7
G2-3 30 10.0 25.6) 35.3 10.6)
G3-1 30 3.4 32.9 36.1 - 10.4
G3-2 30 6.6 327 33.5 11.1
G3-3 30 11.3 32.1 31.9 10.7|
G1-1 60 3.0 18.4 57.3 8.6
G1-2 60 5.7 19.5 63.2 8.8
G1-3 60 11.2 19.5] 60.6 8.9
G2-1 60 3.1 26.0 60.4 9.0
G2-2 60 6.0 26.4 57.7 8.1
G2-3 60 11.5 25.5 62.0] 8.9
G3-1 60 3.7, 33.5 59.7, 8.8
G3-2 60 71 34.8 66.3 8.8
G3-3 60 10.5 32.2 59.7 8.6
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Table 2. X-ray measurement condition.

Tube target Rh

Target angle 90° Tube:Philips PW2592/15

Be window thickness 0.150mm
Analyzing x-tal AlK @ :PET(002), MnK « :LiF(200)
Detector AlKa :F-PC"1 ; MnKa :DU2
Incident & take-off angles 60° , 40°
Tube voltage & current 60kV-10mA
Measurement time AlK a :50s, MnK @ :120s
Sample mask Au 10mm ¢

Sample rotation 30 rpm
Diffraction angles 2 € peax AlK @ :144.960° , MnK @ :62.940°
Diffraction angles 20 s | AIK @ :143.860°,146.560° ; MnK a :61,740°,63.840°
*1. Flow type proportional counter, *2. In series type (flow+Xe-sealed) proportional counter
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Liike =Faka (taimuns Mn%, tea, Fe%)
Tvnk e = Fvnxe (Ca1-mn, Mn%, tca, Fe%)
Iznke = Fznka (tai-mn, Mn%, tca, Fe%)
Ireke =Frexa (tar—mny MN9S, tcas Fe%)
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Fig. 2. Relationship between Al-Mn coating weight
and RXI. Mn concentration :25 mass%, GA
coating weight : 45g/m? Fe concentration :
10 mass%.
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Fig. 3. Relationship between Mn concentration and
RXI. Al-Mn coating weight: 4g/m? GA
coating weight : 45g/m?, Fe concentration :
10 mass%;.
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Fig. 4. Independence between AlKa- and MnKa-
RXI when Al-Mn coating weight and Mn
concentration change.
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Fig. 5. Relationship between theoretical and mea-
sured intensity of AlK«. The bold solid line
indicates reference instrument calibration
line used.
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Fig. 6. Secondary electron image of Al-Mn coating
surface. Al-Mn coating is (a) thick and (b)
thin.
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Table 3. Normalized error of AlKa«.

Specimen |Theoretical| Transformed| Error |Normalize
intensity | intensity E d error

1, (a.u.) L(auw) | (@u)!| E,m
G1-1 30 19.29| 18.11] -1.18 -0.06
G1-2 30 27.71 25.08] -2.63 -0.1
G1-3 30 37.63 35.38] -2.25 -0.06
G2-1 30 18.26 18.70| 0.44 0.02)
G2-2 30 25.73 25.40, -0.33 -0.01
G2-3 30 32.95 34.73] 1.78 0.05)
G3-130 18.37 19.18] 0.81 0.04
G3-2 30 24.91 27.25| 235 0.09
G3-3 30 28.52| 31.86] 3.34 0.12)

Ave. of Bnoem With 1,=30g/m? 0.01
G1-1 60 22.25 19.27] -2.98] -0.13
G1-2 60 31.38 28.13] -3.25 -0.10
G1-3 60 39.25 37.86) -1.39 -0.04
G2-1 60 20.00| 19.99] -0.01 0.00]
G2-2 60 27.71 26.82| -0.89 -0.03
(G2-3 60 33.85 36.62| 2.78 0.08|
G3-1 60 18.83 19.42)  0.59 0.03
G3-2 60 24.19 27.72) 3.53 0.15
G3-3 60 28.10| 30.53] 2.43 0.09)

=60g/m?2

EREE, (DHRIXKRDL I IZERTS 5,
Y=bX+c

7277 L
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BRI, M ER R LNV EREL, DLV
CTHRIIELICIRE 2V T 6 LT E»MRE L 72 v
N HEFTE R L (self-consistent) & T 5 . 5P a 2
EAMnEAERL NV ANE, 2D vV CEE iRy
ACTHERERRD LB L, BESIHEZRD 5,
Mn&EARA UM CHERFHVHFEL X, V)X, YY)t
BHIET 5 BED D 25481, 1758, CEHV,
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Fig. 7. Relationship between theoretical and cor-
rected intensity of AlKa.
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Fig. 8. Relationship between theoretical and mea-
sured intensity of MnKa.
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Table 4. Normalized error of MnKa.

Specimen |Theoretical| Transformed Error Normalized
intensity intensity E error
I (au) I (a.u) (a.n.) Eporm
G1-130 11.01 10.63 -0.38 -0.03
G1-2 30 19.17 19.12 -0.05 0.00
G1-3 30 36.72] 37.51 0.79 0.02
G2-130 15.00 14.91 -0.09 -0.01
G2-2 30 28.59 27.81 -0.78 -0.03
G2-3 30 51.18 53.16 1.98 0.04
G3-1 30 24.88 24.68 -0.20| -0.01
G3-2 30 45.28 45.56) 0.28] 0.01
G3-3 30 70.56) 70.41 -0.15 0.00
Ave. of By with t;,=30g/m? 0.00]
G1-1 60 12.65 12.30) -0.35 -0.03
G1-2 60 24.35 24.17 -0.18 -0.01
G1-3 60 44.43 45.12) 0.69 0.02
G2-1 60 18.65 18.23 -0.42 -0.02;
G2-2 60 34.40 33.90 -0.50 -0.01
G2-3 60 59.13, 60.90 1.77, 0.03
G3-1 60 27.66) 27.94] 0.28 0.01
G3-2 60 52.90 53.12] 0.22 0.00
G3-3 60 68.32, 69.41 1.09 0.02]
Ave. of Eyom With tg,=60g/m2 0.00,
Ave. of E;,m With tALM= 3g/m2 -0.01
Ave. of Eyom With ty) y,= 6g/m2 -0.01
Ave. of Eyom With ty = 10g/m2 0.02]
Ave. of E,om with Mn=20mass% -0.01
Ave. of E,,m with Mn=25mass% 0.00]
Ave. of E o, With Mn=30mass% 0.00

FEREIEEAR E L, MnKaDFEHERE L L THIMnZ V12,
MnKa DA, & T0D 7 — X HEEKIEEARDEE - IFE
L7,

Table 4 (2MnK a DFIEILIRZE 28T, BUSLIRE DT
fE1Z, Mn& B £25720—30% &, Al-MnH &5 3 -10g/m?
L, 3 12GAHATED30—60g/m? L ZEILL T HiZ LA EEAL
Lidots, $bb, MnEEHE, Al-MnHfHE, GAH
HEL L UIMiKaDRBREMIEEFIIE LA EREBY RIES
o1z, fE-> T, MnKaDRIEBEIXARMIED $ 2 E&
BFECCAC T,
3:5 T=EHER

Table 5 (AlKa ¥ & UMnKa DRIZE®REZ HCTEHE L
12BADERBDIETEE, AIKeDMn&ER £ L UAlI-MnH
R~ BEOMIEEE 5 £ UMnKa DHIERE Z v T
S LIS ADERDIFHERE 27T,

IEFEIE o 3 B IE TR E % JH - 12354, AI-MnBf1& 6 g/m?
LV T0.24g/m?, Mn& A $25% v~ T0.96% & HIE 7

Table 5. Analytical accuracy obtained using mea-
sured or corrected intensity of AlK« and
measured intensity of MnKa.

Coating weight (g/m?) Mn (mass%)
AlKa intensity | 3 6 10 20 25 30
04| measured 024 | 071 ] 138 | 1.95°| 1.37 | 2.99
corrected 011 | 024 | 033 | 0.66 | 096 | 0.84

0 =2 (X+C)*/(n-1)s X; : results by x-ray, C; : results by chemical analysis,
n : number of specimens )
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Fig. 9. Relationship between AlK« theoretical
intensities for samples with flat and uneven
Al-Mn coating at 30 mass% Mn in coating.
Intensity for (un)even coating is rescaled to
meet measured intensity.
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