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Elemental Microanalysis of Metallic Surfaces
by X-ray Fluorescence Spectrometry

Misa NAKAMURA, Yohei FUKUDA, Hisashi ENDO
Kunio HOASHI and Hiroki HASUYAMA

Abstract:

X-ray fluorescence spectrometry (XRF) is widely used as a simple, convenient and non-destructive mi-
croanalysis method for solids, powders and solutions. XRF was employed to quantitatively examine small amounts
of contaminant elements, e.g. C and Cr, on the surface of metallic materials. By minimizing the matrix effect it
is found that XRF is useful in analyzing elements on a metallic surface, which consists of about 10 elements. The

detection limit was of the order of 1X10-* mass %.
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Table 1 Methods of elemental analysis
XRF ICP-AES AAS
Elements B-U 70 metallic elements metallic elements

except for N,O,halogen and rare gas

except for C,P,S and halogen

State of samples solid/powder/solution solution solution
Sample after analysis non-destructive destructive destructive
Measuring time 10-100sec/element? 1-10min/40-50elements® 10-20sec/element?
Multielement analysis O O X
Unknown sample D) O A
Qualitative analysis O O A
Quantitative analysis O O O
Detection limit ppm-ppb: ppm-pph*" 10ppm-pph?

(by concentration)

XRF: X-ray fluorescence spectrometry

ICP-ALS: Inductively coupled plasma atomic emission spectrometry

AAS: Atomic absorption spectrometry
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Schematic diagram of wavelength dispersive X-ray fluorescence spectrometry (XRF).
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Table 2 Typical operating conditions of XRF
X-ray target Rh
Tube voltage /kV 30-50
Tube current /mA 120-72
Crystal monochromator LiF (200)
Detector F-PC / SC
Analyzing area 10mme
Atmosphere in X-ray path vacuum
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Table 3 Condition of samples

Sample No. Samples Substrates Coating Stickings Treatment
(1) non HCr A - - -
(2) HCr A HCr - -
(3) HCr+VUV A HCr - VUV in O,
(4) HCr+ink A HCr Ink -
(5) HCr+ink+VUV A HCr Ink VUV in O,
(6) non VUV A HCr polymer 1 -
(7) VUV in air A HCr polymer 1 VUV in air
(8) VUV in O, A HCr polymer 1 VUV in O,
(9) before decontamination B - polymer 2 -
(10) after decontamination B - polymer 2 melamine resin

Substrate A: Fe alloy
HCr: Hard Cr-plating

Substrate B: WC alloy
VUV: Irradiation of vacuum ultraviolet rays
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Fig. 2. Laser microscope images of the surface of typical sample A before hard
Cr-plating (a) and after hard Cr-plating (b).
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Table 4 An example of analytical results
by XRF and ICP-AES
Elemental Concentration/mass%
Component XRF ICP-AES
C 3.7 1.3
A% 3.0 3.1
Cr 4.7 4.2
Mo D2 5.0
W 6.7 6.4
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Influence of surface treatment on samples(2)-(5)coated by hard Cr-plating, in which the intensity

of X-ray of samples is normalized by that of the sample (1).
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Fig. 4. VUV irradiation effects on the surface of samples(d) and(5), which were coated by hard Cr-plating and were
contaminated with ink painting. The intensity of X-ray of samples is normalized by that of the sample (1).
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6
0 (7) VUV in air ]
5F @(8)VUVinOe2 o
g a4r 1
P
©
2 3r 7
2
3]
£ oL 2
B
o
2 1r N :
0 1 I__‘—I | I
| ]
C (0] Si
-1
Fig. 6. Influence of atmosphere for VUV irradi-

ation on the elimination of contaminated
elements.



R« FEE - SRR - R L HOEX BT & W i IR T O fd i

Table 5 Examples of bond energy in polymers®

Boid Bor}l{d Energy

J/mol
C=0 725
C=C 615
Si-0 432
C-0 350
C-C 344
Si-Si 187
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