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On the Surface Analysis of Steel Sheet by Fluorescent X-ray
Koichi TsuMuRA and Suzuya OsHiBA

Synopsis:

A quantitative analysis of sticking materials on steel sheet surface was made possible by fluorescent X-ray
according to a following method.

1. Preparation of standard samples:
A known quantity of standard solution of element to be analyzed was placed on steel sheet in area where
X-ray irradiated and then dried. The quantity of the placed element divided by the area was called
“sticking density”.

2. Drawing of calibration curves:
Differences of X-ray counting rates after and before placing standard solution were plotted against sticking
densities and calibration curves were drawn.

3. Precisions and lower limits of determination:
For example, standard deviation was 0.0148pg/cm?® for Na at 0.566pug/cm? and 0.0048g/cm? for Cl at
0.252 ugjcm?.
Lower limit was 0.121pg/cm? for Na and 0.038ug/cm? for Cl.
Conclusively, determination of sticking soil-materials on steel sheet surface which caused to rust initiation
and films produced by chemical treatments were made possible without establishment of a chemical analysis
method.
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Table 1. Characteristic X-rays, analyzing crystals
and detectors for each element.

Diffraction Detec—

Element X-ray Crystal | angle to? ec

(26)

Na NaK,(11.91A) | RAP 53.03° | FPC
Mg MgK,(9.89A) | ADP 136.78° | FPC
Si SiK,.(7.13A) EDDT | 108.08° | FPC
p PK,(6.15A) Ge 140.95° | FPC
S SK,(5.38A) Ge 110.75° | FPC
Cl CIK,(4.74A) | EDDT | 64.98° | FPC
Ca | CaK.(3.37A) | EDDT | 44.85° | FPC

cr | ork.(2.294) | LiF ‘ 69.43° | SC
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Table 2. Preparation of standard solutions.

Solvent Coeflicient of 'transfo.rm_ation
Element Solute (Water : Concentration (g/1) {i%;si?:cg{lfgﬁsggﬁit;i:;agard
Ethylalcohol) solution : 0.02 ml)
s MgSO, 19 ?:(‘)8: ?:gg: 0-30, 075 | 1g/120.75pg/ cm?S
. : 0.10, 0.25, 0.50, 0.75 | lg/1=1.1134g/cm?Na
Na, Cl | NaCl z:8 1.00, 1.50, 2.00 lg/1=1.7162g/ cm?Cl
. 0.10, 0.25, 0.50, 0.75 1g/1=0.710¢g/cmzCa
Ca, Cl | CaCly* 2:8 1.00, 1.50, 2.00 | 1g/1=0.628¢g/cm?Cl
T s | 0.10, 0.25, 0.50, 0.75 | 1g/1=0.332pg/cmzMg
Mg, Cl | MgCl,-5H,0 2:8 1.00, 1.50, 2.00 1g/1=0.4842g/ cm?Cl
Si ’E%‘?]f.ﬂf{zo 10: 0 0.30, 1.51, 3.03, 9.08 | 0.30g/1=0.8452g/cm?/SiO,
olo1da 15.14 (as SiOy) 1
i Solution) ! L -
p Na,PO,-12H,0 i 11 28.28 , 98.28g/1 = 65. 2mg/m?P
Cr K,Cr,O; 1:2 0.2, 1.60 ’ 0.2g/1=2.000mg/m?Cr

* Part of pure CaCl; : 69.4895.
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Table 3. Comparison of precision for micro- Table 4. Ig(blank value) for Na, Mg, CI and
pipette and micro-syringe. Ca.
Intensity of S f A
aner(lz{g.s.(; | o(c.p.s.) C.V. ‘{ Na Mg | dl Ca
Micro-pipette | 4977.5 - 567.1 ‘ 0.115 Ig(c.p.s.) 1 103.7 [ 58.9 | 9%4.5 571.1
Micro-syringe 5880.0 L 172.8 0.029
Volume of S-Standard Solution : 0.02ml 20, Na
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Table 5. Precisions of determination of Na, Mg, Cl and Ca.
Sticking density (ug/cm?) Precision
Element Sample Measured S.D.(pg/cm?)
No. Calculated — C.V.
1 2 3 x x ! o i
1 0.503 | 0.521 | 0.500 | 0.508 0.0093
Na 2 0.557 0.651 | 0.606| 0.611 | 0.623 | 0-366| plogop | 0-0148 0.026
1 0.335 | 0.375| 0.348 | 0.353 0.0167
Mg 2 0.332 | 4'312| 0.312| 0.341 | 0.323| 0-3%3| gloi33 | 0.0150 | 0.044
1 0.224 | 0.230 | 0.224 | 0.226 0.0026
Ci 2 0.242 0.978 | 0.287 | 0.270 | o0.278 | ©0-252 | glopeg | 00048 0.019
1 0.296 | 0.365| 0.357 | 0.339 0.0306
Ca 2 0.355 ' 351 | 0.314| 0.348 | 0.338| 0-338| glgjag | 0.0224 | 0.066
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Fig. 2. Calibration curves of each element.
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Table 6., Lower limits of determination of Na,
Mg, Cl and Ca.

Table 7. Relations between Cl- concentration,
sticking quantity and rusting rate.

Na | Mg €l = Ca

Concentration of | 5

ai- (ppm) 60 | 100 | 150 | 300 ﬂeoo

Lower limit of deter-
mination (pg/cm?)

- 0.121 0.082 0.038 0.165

) 3 J

3
Case of large
quantity of Mg
=2
‘A oa
c =
33
££

A

Canne! width
(PHA) b

Case of very small
quantity of Mg

Intensity
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t t B —
MgKu Rhln

Fig. 3. Schematic figures of energetic separation
of MgK, and RhL,.
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Table 8. Determinations of iron-phosphate film.

Sample No.

1 2

3 4

Gravity method (mg/m2?) | 260 180 | 320 | 450

X-ray (mg/m?)

210 180 | 310

410

Table 9. Determinations of Cr in chromate film.

Chemical
X-ray
(mg/m?) A Laboratory | B Laboratory
_ I (mg/m?) (mg/m?)
27.0 28.1 26.2 26.6 27.8
25.8 27.2 26.8 25.8 29.3
25.1 25.7 26.2 26.0 27.3
25.9 27.0 25.5 29.6
mean | 26.5 26.2 28.5
¢ 1.00 0.45 1.12
Table 10. Determinations of Cl in pre-coat oil.
1 2 3 | Mean
X-ray (ppm) 49.5| 52.6| 53.8| 52.0
Extraction by
benzene (ppm) 56.00 55.4| — | 55.7
Chemical* |.-
Extraction by | 51 4/ 49 90 | 50.3

hexane (ppm)

* [Extraction by benzene or hexane—burning by oxyhydregen
flamc—absorption in NaOQH solution—|1S K 0101 determina-
tion of Cl- (method of mcrcuric thiocyanate).
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