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X-ray Fluorescence Analysis of Alloy-electroplated Film with Soft X-rays

Yoshiro MATSUMOTO, Nobukatsu FUJINO and Shinichi TSUCHIYA

Synopsis :

Chemical composition and coating weight are important parameters for the characterization of alloy
electroplated steel sheets. In X-ray fluorescence analysis of alloy films, fluorescent X-ray intensities are
generally the functions of coating weights and contents of alloy films.

The X-ray fluorescence analysis using soft X-rays was applied to the analysis of alloy films. Soft X-
rays, L series X-rays of the film elements, are absorbed by the plating film higher than K series X-ray.
The influence of variation in coating weights on the intensity of L series X-rays is less than on K series X~
ray intensity. The results are as follows :

(1) It was theoretically and experimentally confirmed that the contents of the alloy films of Fe-Zn
and Ni-Zn electroplated steel sheets are analyzed by using L series X-rays, the Zn L« line, of the alloy
element which are not influenced by the variation of coating weights in the normal coating weight range.

(2) The intensities of K series X-rays are the functions of coating weights and contents of alloy films.

The coating weight is analyzed from both of the K series X-ray intensity and the content determined
from L. series X-ray intensity by the method of (1).
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Fig. 2. The oretical intensities of ZnL, and ZnK, lines from Fe-Zn alloy films.

Arrows show critical coating weights.

Table 1. Mass absorption coefficients (cm?/g).

Line Fela | Nila | Znla | FeKa NiKe ZnKa
Absorber\| 17.6A | 14.6A | 12.3A | 1.94A | 1.66A | 1 44A
Fe 2149 [ 13210 | 8775 | 66.4 370 258
Ni 2745 | 1801 (10900 | 88.6 56.5 | 297

Zn 3424 | 2237 | 1520 | 117 74.6 49.1

Table 2. Calculated effective film thicknesses
(171 000> pm),

Line FeLao NiLao ZnLao FeKct'° NiKaD ZnKa
Absorber 176 A | 14.6 A | 1223A | 1.94A | 1.66A | 1.44A
Fe 4.08 0. 664 1.00 132 23.7 34.0
Ni 2.83 4. 31 0.712 87.6 137 26.1
Zn 2.92 4. 46 6.57 85.3 134 203

I=Ip-exp(—p-p-t),t atl/I,=1/1000
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Fig. 3. Calculated critical coating weights for
ZnL, and ZnK, fluorescent X-rays in the anal-
ysis of Fe-Zn alloy ilm (1,/1,6=0.99, I, is the
intensity at the critical coating weight).
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Fig. 4. Calculated results of critical coating
weights for NiL,, ZnL,, NiK,, and ZnK,
fluorescent X-rays in the analysis of Ni-Zn
alloy film (Z,/1e=0.99).

Table 3. Specifications of the X-ray fluorescent
analyzer, Rigaku IKF-4, used for experiments.

Maker Philips
Type Side window
X-ray tube Target Cr
Rating 2. 7kW
Window Be 400 pm
Znla NiKe, ZnKa
F-PC SC
Detector P-10 (Ar 90%, CH, 10%) HV 800V
Mayler 1 pm
HV 1900V
Crystal RAP (001) LF (200)
Evacuation 1071 ~10"2Torr
Table 4. Analytical conditions.
Alloy film Fe-Zn Ni-Zn
Analytical line ZnLa ZnKa ZnLa NiKa
kV-mA 50-50 50-50 40-50 40-2
Measuring time (s) 200 20 100 20
RAP LiF RAP LiF
Crystal (001) (200) (001) (200)
Mask Ti $5 mm Ti ¢ 30 mm
3. £ B
3.1 EREE

MHX o prEE 1, Table 3 DR - £EA
OEFEMT R IKF-4 BoKEYH 1. DR
% Table 4 w73, XEHHRICIL Cr 2 -5, 1 Db
DRV HXEEECE, LRFIOXE (Zola )
=13 RAP (RbHGeH,O,, Rubidium acid phthalate,

— 132 —



BX@ReAvcgen o X HEOMX XS 1967

e L
W Nf |
8 Ko KB Ka KB Ka* KB Ko ™ KB
® o o @ ® © ©® (0 a0 an
LByLa
e AT
D y . .
K| K
'S% '((88) 'Ez%'((s% & (0 '((161) l%%) l((lg) 'E%) (g) 2
Zn .
LB;I Lg% l J | I Fig. 5. Calculated dfffraction
ol | l . . . angles for K and L lines of
3 K8 '%% & K& & K, 'é% ’((1§) !(1% !(1% I!(g) '((g) 11‘; CA El’ ar;d _Zn e[cmelllts l;ha
L 1 1 i J
25 ) 75 80 30 To0 ! an?. yzing crysta . e
integers in parentheses give the
20 (degrees) orders of the reflection.
x 102 Cr 50kV - 50mA
Sr Znta  FT 10 sec T% Cr 50KV - 50mA, 200 sec
at / C.H. 10 200 Mask : Ti ¢5mm
> 20 = 55.77°, (RAP) 5;
2 3+ sample Zn, Fe, Ni a " O Copper substrate 167,
] <150 8 o
£ = G ® Steel substrate
=2t RbLot - _ 299
3 X 2 =
.5 ] o 1’ N, § ;
RN = 150
~ @ 217
oL 1 1 1 10 E
0 200 400 600 800 Rt -
B.L. 3 /‘./ 17.9
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Table 5. Fe-Zn film samples used for experiments. | L 1
70 80 90
No. Substrate Zn% | Coating weight (g/m?2) Remark In (%)
Cu-1 88.7 29,9 Fig. 7. Experimental results of ZnL, intensity
Cu2 | o oo | 803 27.7 p Fe- lati
Cu-3 81.3 19.0 rom Fe-Zn plating.
Cu-4 84.3 9.3
s 79.0 17.9 Zn rich WCIOVBRLZENTED. ks, ZoOBEESHBETIZ
- . 17.
$3 | S 8.6 167 RAP H¥fEddd Rb 0¥ ¥EXH (RbL,, 7.3 A) »n
S5 72.2 18.6 Bh T\ 5®,
Cu-5 5 . .
o | Copper | 110 58 . 32 RRERBIUEER
= 17. 8 10.3 e ne _
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BrAGG DR (2d-sin 0 =n2, d : 4> ks 5O TFELIE,
0 :Brace £, 2: XBOWE, n: k¥ ZFAVCE
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DEILDDNH DA, Zhid Fig. 6 © X 5 cEEoH
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ICP B¥ESHAFHRC XD, Fe BRIV Zn B2 45
Lic. ICP FIEHVEr i O R 2 5RER U 7o af 50 D
KXBEOMAORK I L2z, ¥F, Zn 2iEEED
Ao THI L. HBo ZnY ofifir 72.2~
89.6%, ftEBEOHBIL 9.3~29.9g/m? -t 5. Fig.
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Fig. 8. Comparison of coating weights obtained

by X-ray fluorescence and chemical analysis
method.
7501 cr 50KV - 50mA
20 sec 1.0
Mask Ti 930 mm
500}
L
>
@
=
]
-
3 250+
—
=
~ Fe-Zn
Cu
0 | ]
] 20 40

Fe (%)

Fig. 9. Experimental results of ZnL, intensity
from Fe-Zn plating.
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Table 6. Ni-Zn film samples used for experiments.

No. Ni% Coating weight (g/m?)
1 0.0 23.5
2 6.7 22,0
3 7.6 15.7
4 13.3 39.0
5 1.9 20.0
6 11.2 53.8
7 20.9 12,7
8 8.4 15. 6
9 6.7 20,2

10 13.0 38.1

11 12.1 19.2

12 11.2 53.2

13 20.0 12.8

14 8.9 14.9

Note: the substrate is steel
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wiz, Ni-Zn &350 S\ THHETo7
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Fig. 10. Experimental results of ZnL, intensity
from Ni-Zn plating.
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Fig. 11. Comparison of coating weights obtained by
X-ray fluorescence and chemical analysis method.
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Fig, 12. Relationship between critical coating

weights for ZnL, line and take-off angles in
the Fe-Zn alloy film analysis.
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