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Correcting calibration curves for the
X-ray fluorescence analysis of metals

1. Introduction

It is possible to perform X-ray fluorescence analy—
sis without standard samples because theoretical
calculations known as the FP method can be used.
This simple measurement method is widely used to
perform easy and quick measurements.

On the other hand, if standard samples are available,
a more accurate analysis is possible with the cali—
bration curve method. It has been is relatively easy
to obtain standard samples for metal analysis in
recent years.

However, to obtain accurate measurements with
calibration curves, there are many important factors
to consider. It is also necessary to implement a range
of measures to support all measurement sample
types. This application brief explains the cautions

and measures necessary when analyzing metals.

2. Cautions when using calibration curves

Calibration curves are expressions of the relation
between X-ray intensity and concentration. Because
X-ray intensity is converted to concentration,
changes in intensity may cause errors in the follow—

ing cases.

(1)  The measurement sample is smaller than the
diameter of the X-ray beam.

(2)  The surface of the measurement sample is
uneven.

(3) The position of the measurement sample is
different.

Negative errors tend to occur in such cases be—
cause the X-ray intensity is reduced, which in turn

lowers the concentration.

3. Correcting calibration curves

There are two correction methods to reduce errors.

(1)Correction using Rh Scattered X-rays.
(2)Correction using the X-ray intensity of the
main elements.

When the primary X-rays contact the measurement
sample surface, scattered X-rays are produced.
Since the scattered X-ray intensity is correlated
with the target fluorescent X-ray intensity, the in—
fluence of the measurement sample shape can be

reduced by using this correlation.
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Figure 1 — Overview of scattered X-ray correction
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Figure2 shows that the shape of the measurement
sample has reduced the florescent X-ray intensity.
However, we can see that the Rh scattered X-rays
are also lowered in the same manner as the X-ray
intensity as shown in Figure 2. As a result, we know
that the fluorescent X-ray intensity of the target
element and the intensity of the Rh scattered X-rays
are correlated. By using this ratio, we can offset the

influence of the measurement sample shape.
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Figure 2 — Fluorescent X-rays and scattered X-rays

In addition, the increases and decreases of the
fluorescent X-rays of the main elements can be used
to make corrections for changes, such as changes in
measurement sample size, in a way similar to cor—

rection using scattered X-rays.

4. Measurement

A brass measurement sample was measured using
the calibration curve method. The results listed
below show the measurements after scattered X-ray

correction.

Corrected results for the measurement of Pb

and Cd in brass (ppm)

Correction
by Cu fluo-
rescent
X-rays

Correction
by Rh scat-
tered X-rays

Measurement sam-  No correc-

ple direction tion

ICP-OES Pb 38000.0
Certified Cd 74.0
value
Standard Pb 36137.6 37027.8 37323.6
position
Cd 66.3 69.1 69.6
Elevated2 Pb 15210.5 33701.1 39187.1
mm
Cd 30.1 62.4 72.0
Inclined Pb 23764.4 33718.8 36638.4
Cd 50.7 71.5 77.2
1/2 surface  Pb 15408.3 33039.8 37927.9
ared
Cd 25.5 50.0 57.2

As can be seen from these results, when values are
not corrected, the shape and size of the material
affect the calculation of the concentration greatly.

Corrected concentrations can be obtained by per—
forming corrections. However, these correction

methods have advantages and disadvantages.

(1) Correction using Rh scattering
This method is widely used.
With metals, correction causes variations
because the intensity of the scattered X-rays
themselves is not very high.
As a result, repeatability is somewhat hin—
dered.
When measurement samples are a mixture of
plastic and metals, scattered X-rays from
plastic are detected and the results are

over—corrected.
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(2> Correction by the main elements Corrected results for the measurement of Pb and Cd
in aluminum alloy (ppm)

If the composition of the main elements is Measurement sample direc- No correction Rh scattered

different, error is introduced to the correction. tion X-ra);'correc-
ion
As a result, this method generally cannot be Standard positon  Pb 401.0 376.0
used. Cd 8.0 7.0
It may be possible to correct measurement 1/2 surface area1  Pb 174.0 4540
samples that include plastic. Cd 2.0 5.0
1/2 surface area2 Pb 158.0 401.0
Actual measurements showed repeatability when (Current sefting Cd 20 50
changed)
using no correction and Rh correction. With gradient Pb 357.0 3410
Cd 5.0 5.0
Measurement conditions (SEA1000A)
Measurement Measurement 5. Setting the Conditions
condition 1 condition 2
Measurement time 300 300 This section shows how to set the analysis condi—
(seconds) .
Collimator ®5.0mm ®5.0mm tions. )
Excitation volfage 0 0 (1) Select Bulk Analysis (CAL) mode.
(kV) (2) Analysis Parameters.
Tube current (LA) 30 850 In the Analysis Parameter [1/4] dialog box, select
Filter For Pb For Cd . o
the course. Select either Meas. condition or Best
Condition. Select the latter to reduce the filter
Repeated measurements of GBR5 conditions and simplify the measurement conditions.
No correction Rh correction
Pb Cd Pb Cd
1 1145 170 1081 160 Analysie Gonditions [1 7 4] x|
rCourse Select
2 1265 189 1171 174 .
© fufo [denfification | Béclamation -
3 1281 173 177 158 ® Bl Condiien 1: Benerate meas. cond.
= » 2: Input elements.
4 1297 197 1270 192 © Meas. Condition 5: Assign elements fo meas. cond.
5 | 1289 191 1265 187 ¢ Manual Seffing | | Sfart meas. > Cal
6 1273 166 1199 156
/ 1273 166 1160 162 Cancel | << Dack ] Newt >>
8 1248 173 1226 169
9 1180 163 1107 152
10 1154 170 1116 164
Avg 1241 176 1177 167
STD 58 12 65 13
CvV 4.7% 6.8% 5.5% 7.9%

The same calibration curve correction can be used
with the measurements of other metals. An example

with aluminum alloy is listed below.
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Analysis Parameter [2/4] dialog box
e Enter the target elements to be measured.
e Select the External Standard check box.
e Select the Linear Calib. check box.
e Enter Rh under Elem.

Analysis Conditions [2 /4] = x|
Input Sample Structure
Component
Cd;Pb; Cr
I~ Plctic Analysis
¥ Extdrnal Standard Elem. ¥ Linedr Calib.
I~ _Liquid sample Eh I~ E#SHd. Peak-cut
H e Compounds |
|| S CYNICIIRING Identity
NafMg ALISI| P | S |Cl{Ar
K|Ca3c[Ti |V Cr[Mn Fe|Co| Ni[CulZn [5a Ge As|Se Br | Kr _ ftom |
Rb|Sr Y |2 Wb Mo|Te Ru Rh|Pd|Ag Cd|In Sn SbiTe| I e Clear |
EE Hf Ta‘w Re Os| Ir | Pt |AuHg| Tl |Pb | Bi \Po AtRn
Fr |Ra
La Ce/Pr [Nd Fm Sm Eu[Gd|Tb Dy ol Er Tm [¥b | Lu
Ac|Th|Pa| U (Mp|Pu AmICm Bl [Cf |Es [Fm[Md|Mo| Lr
Cancel «BACK| ok |[NET>>]

(3) Measurement conditions

e As necessary, set the conditions of primary filter,
such as For Pb, For Cd or 15 kV. (Setup
Measure Conditions)

e When Best Condition is selected, the values
cannot be changed because the optimal condi-
tions are specified automatically.

Setup Measure Conditions x|
~Basic Meas. Conditons
Voltage Pri. Filter Cancel |
a0 kY far Ph
all kY for Cd
19 kW for Cr
Add... |  Delete |
~Measurement Time Collimatar:

Unknown: Standard: IS.Dmm 4

300 400

Detail...

(4) Re—edit analysis conditions (Rh settings)
Select Manual for the course.
At the Analysis Parameter [4/4] dialog box, select
E.Std (Rh) and click Line.

Analysis Conditions [4 /4] x|

Input Initial Values

Cd 33.5: 333 (e[ _ Cale. Param... |
Pb 33.3: 333 (ppm

or 33.3: 333 (ppm) @
E.Std 0.0: 0.0 (ppm) _

RS

~| I Std. recommend

Cancel | «BACK | ok | meT |

Set the conditions such as 50kV or a For Pb filters

as conditions for acquiring Rh scattered X-rays.

Setup Line and ROI x|

Elem :|rh  ~ << Prev | et > |
Cancel |
I Hof use Current
= <

Yoltage: ‘m  Auto
Primary filter for Pb_~| | * Manual

ISU U
Ling—————————— ROIlkeV

P
& Ka la € Ma || Lowsr Lpper
1985 - |20.48
C kb CLb
Read | Default |
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(5) Set the tube current.
From the Measurement menu, click Current Adjust

Start. Measure the standard sample to be registered

and use the lowest voltage.

6. Conclusion

The calibration curve method measures metals
precisely and accurately.
However, two facts must be considered before using
this method: it is difficult to apply to metals with
different compositions and it is influenced by the
shape of the measurement sample. This document
introduced methods to correct measurement results
using the scattered X-rays of Rh and main elements.
It is important to select measurement methods based
on the composition of measurement samples because
this method cannot be used with measurement sam—

ples that contain plastics.

Copyright © Hitachi High-Tech Science Corporation All rights reserved. =5



