Technical articles

Advanced ZSX Guidance—Semi-quantitative analysis

(SQX analysis)

1. Introduction

Wavelength dispersive X-ray fluorescence (XRF)
spectrometers have high spectral resolution and can
therefore identify peaks with high accuracy. However, if
the analysis line overlaps with a higher order line, peak
identification and semi-quantitative analysis results may
not be reliable. To perform accurate analysis for such
cases, measurement conditions that reduce the influence
of the higher order lines need to be set up, followed by
remeasuring the sample with the optimized conditions.
This can require advanced knowledge of XRF principles
and a high level of familiarity with the software. This
is not in line with the demand for semi-quantitative
analysis being easily and quickly able to give accurate
and reliable results for unknown samples.

The new software feature described in this article
was developed to overcome this obstacle. It performs
semi-quantitative analysis by the FP method using a
new procedure that accurately calculates results after
the software automatically selects data from the optimal
measurement conditions when a higher order line
interferes with the analysis line. This allows anyone,
including users with little experience in X-ray analysis,
to obtain analysis results with higher accuracy and
reliability.

2. Principle of higher order line generation and
its influence on measurement line intensity

Diffraction of X-rays by an analyzing crystal occurs

when Bragg’s condition “2d sin 8 = nA” (n: order of
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Fig. 1. Pulse height distribution curve showing higher
(second) order line affecting the first order line.

* SBU WDX, X-ray Instrument Division, Rigaku Corporation.
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diffraction as an integer) is satisfied. The first order
line (n = 1), is the measurement line. Diffracted lines
with n > 1 are known as higher order lines. The energy
of a higher order line is larger than the first order line
by a factor of n. These interfering lines can usually be
eliminated with a pulse height analyzer (PHA), but
not in every case. Large higher order line intensity and
the escape peak of the higher order line can affect the
analysis results. Figure 1 shows an example of a pulse
height distribution curve at a 26 angle where the higher
order line interferes with the first order line.

The amount of interference of a higher order line on
the intensity of the first order line (measurement line)
varies depending on the PHA setting. The wider the
PHA window, the larger the interference by the higher
order line. Lowering the upper limit of the PHA window
can reduce or eliminate the effect of the higher order
line. Table 1 shows some examples of higher order lines
that interfere with analysis lines.

Influence of higher order lines can also be reduced by
selecting certain analyzing crystals that do not reflect
these interfering lines. Selecting such a crystal may
not be optimal with respect to sensitivity, for example,
but may be preferred for the elimination of interfering
higher order lines.

Table 1. Examples of higher order lines interfering with
analysis lines. Value in parentheses indicates order

number.
Analysis line Interfering higher-order line
Zn-Ka Mo-Ka(2) U-LAQ2) Y-KA(2)
Cu-Ka Sr-Kf3(2)
Ni-Ka Pb-Ly(2) Y-Ka(2)
Fe-Ka Pb-LB3(2)
Mn-Ka As-Kf(2) Hg-LA(2) Zr-Kp(3)
V-Ka Hg-La(2) Y-Ka(3)
Ti-Ka Hf-La(2)
Ca-Ka Ni-Ka(2) W-LI1(2)
S-Ka Co-Ka(3)
P-Ka Ca-Kp(2) Cu-Ka(4)
Al-Ka Ag-La(2) Ba-La(3)
Mg-Ka Ca-Ka(3)
Na-Ka Zr-Lo(2) Zr-Lp(2)
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Fig. 2. Relationship between the probability of higher order line occurrence and heavy element content in various samples.

3. Number of higher order lines by sample type collected for the purpose of recycling and recovering
The energy of a higher order line is an integer heavy elements, can contain many heavy elements and

multiple of the first order line. Therefore, samples can have high amounts of copper (Cu) and lead (Pb).

containing more heavy elements generally tend to Such samples can have many higher order lines and

feature a greater number of higher order lines in the therefore require more attention for accurate analysis

analysis data. Figure 2 depicts the relationship between than samples classified as a).

the probability of higher order line occurrence and the

heavy element content in various samples. The heavy 4. SQX analysis with minimized influence of

element content in samples increases from a) mainly higher order lines

organic to b) mainly oxide/light element to c) mainly Presence of interference by a higher order line on the

heavy metal components. The probability of higher measurement line can be determined from the qualitative

order line occurrence increases from a) to c¢) as well. analysis result. However, if the higher order line is

For example, samples classified as c), such as material large, finding the optimum measurement condition that

Conventional method

Operating procedure for avoiding specific
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@ line) based on the spectrum and the
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Fig. 3. Conventional procedure for SQX analysis manually reducing influence of interfering higher order lines.
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minimizes its influence requires advanced knowledge
of XRF principles. To calculate the analysis result based
on the optimum measurement condition also requires a
high level of familiarity with the software, and therefore
it has been an obstacle to obtaining accurate results for
samples emitting higher order lines.

Figure 3 shows the conventional method of coping
with the interference of a higher order line on the
measurement line, and outlines the software operating
procedure. As can be seen, reducing the effect of higher
order lines requires several complex manual steps.

By applying the new software function, qualitative
analysis data with a narrow PHA window width is
collected in addition to the data with the standard

ey

® Simultaneously acquire qualitative analysis data for
standard and narrow PHA settings in a single
measurement.

® Additional measurement with analyzing crystals that
eliminate higher order lines.

<L

Automatic peak identification by software.

<

Calculate analysis results based on qualitative analysis
result with reduced influence of higher order lines
automatically chosen by software.

* Narrow PHA measurement conditions: PHA window narrower
than standard setting to reduce influence of higher order line
Fig. 4. Procedure of new function that automatically reduces

influence of higher order lines.

PHA width. Furthermore, measurements are performed
with analyzing crystals that do not reflect higher order
lines, supplementing the standard crystal measurement.
When calculating analysis results with this additional
data available, the software automatically chooses the
qualitative result of the measurement condition that
eliminates or minimizes the influence of higher order
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Fig. 5. Qualitative analysis chart with standard PHA setting.

Narrow PHA setting eliminates the Mo-Ko-2™ line and the
Zn-Ka peak is detected.

Intensity (a.u.)
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Fig. 6. Qualitative analysis chart with narrow PHA setting.

Table 2. SQX analysis measurement conditions with the new function.
. Higher order line .
Measurement region Elements . Analyzing crystal Detector
elimination
Ruto Cd Simultaneous acquisition
Heavy elements i of standard and narrow ) SC
Tito U (to Cm) PHA condition data LiF(200)
Kto Ca
Cl
Ge

PtoS standard measurement

Al to Si PET
F to Mg RX25

Light clements Additional measurement PC
Light (1) with analyzing crystal that p
e
K, Ca does not reflect secondary
lines
Additional measurement
Light (2 with analyzing crystal that
ght (2) yzing cryst RX25
Alto S does not reflect higher
order lines
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Fig. 7. Qualitative analysis chart for Al-Ka using the standard analyzing crystal PET.
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Fig. 8. Qualitative analysis chart including Al-Ka with analyzing crystal RX25.

lines.

Figure 4 shows the software sequence when the new
function is applied. The manual procedures required
in the former software to reduce the influence of
higher order lines have been automated, simplifying the
analysis procedure.

Table 2 shows the measurement conditions that
reduce the influence of higher order lines. For the heavy
element region, data collection with both the standard
and narrow PHA window is performed simultaneously
in a single qualitative analysis measurement
(measurement time is not increased). Simultaneous
measurement with multiple PHA settings has been
made possible due to the incorporation of a digital
multichannel analyzer (D-MCA) into the counting
system. For higher order lines in the light element
region, the analyzing crystal Ge, which does not reflect
second order lines, and RX25, which does not reflect
higher order lines, are used for measurement in addition
to the standard measurement condition.

5. Application examples of SQX analysis
reducing influence of higher order lines
51. Heavy elementregion
SQX analysis was performed on a molybdenum ore
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sample containing Zn impurity. The qualitative chart
with a standard PHA setting (lower limit 100, upper
limit 300) around Zn-Ka is shown in Fig. 5. The Zn-Ka
peak cannot be seen due to interference by Mo-Ka-2",
Mo being a major component in the ore. Analysis of
Zn impurities in such samples has been difficult by the
conventional method.

The qualitative chart of the same sample using the
new function is shown in Fig. 6. Since the measurement
was performed with the narrow PHA setting, the higher
order line Mo-Ka-2" is eliminated and the Zn-Ka peak
is detected. The net intensity of Zn-Ko obtained with the
narrow PHA setting is then used in combination with the
instrument’s sensitivity to calculate the concentration.
The calculated result for Zn having a standard value of
66 ppm is 64 ppm.

5.2. Lightelementregion

In the light element region, measurement using an
analyzing crystal that can eliminate higher order lines
is performed in addition to the standard crystal. Figure
7 shows the Al-Ka chart using the standard PET crystal
for a sample mixture of reagent grade BaSO, and TiO,.
Barium being a major component in the sample, the
Ba-La-3" line overlaps with Al-Ka, resulting in the peak

1



Advanced ZSX Guidance—Semi-quantitative analysis (SQX analysis)

Component Condition

Intensity

Cancel

Zn-Kow is selected
for quantification.

[E=8{EcE =

- QualResult  ComponentiOig) [zn0  v|  Component  |2n
S Analyzed value @ Analyze O Fixed
G50l V] [Coome.
Spectum Element e
SQX Cokulion | Specium| Pesk Lt
Spectum  Libiay  Cuystal  PHA El line
Colo Condion. | | Calos P || Mateisidoe | | Oumaia
S Heaw  Sid A5 LF(200) _ 100-300
Heaw  SWAR5  LF(200)  180-220
Sample type :  Metal & Alloy. Component type : Dnide Matching itxary
Samgle fin con. Impurity corr.
Congonen Resk Unk Detimt ELive
Ne 0017 masex 00075 Noka
Mo 0619 masex 0077s Mgt
A 1300 et 00051 Ak
si 131316 massX 00130 Sika Intensity
e I massx 0wy P
H 1157 mask 00081 S £ V] Display the meastrement condifons of nariow PHA. [ Display
a 00116 mase oo O
K 0059 masex 00205 K1
o 22815 mast 000738 Caxa
T 008 massx 00w Tika
Mo 1138 masx 00027 Mok
o WasT2 et 0075 Fera i B
o 10106 ms L0178 Cath NarrowlPHA condition (180-220) is
= 00064_masex 000231 _Zn¥A | automatically selected.
7 T T T2
Vo 1525 mat oozt Mok
5n 00095 masex 000 Snxa
w 02777 mans 0w WA
st Ocee | | Cange. || Add. || Speomm
Fig. 9. SQX analysis result in software with new function eliminating higher order lines.
- Qual Resut ==~
Lt - GSO-Mo1l —|Heavy 180 - 220
GSO-Mol v Browse.
Heavy : Std_AI25
SOX Cakclaton | Spectun | Pesk List Crystal : LIF200) : §
Cale. Condition. Calculate Print Material Judge Output Hazard Elem.
Sample: GSO-Mol
Somplote: MetatAly  Componentbpe: Oide Machiog xay
‘Sample film corr. Impusity conr.
z
Conpanent Resut Unk Detimt ELine £
Ns 0017 mesk 001076 Hska £
Mg 06198 mass¥ 000775 Mg¥A
A 1004 massx 0051 aia
Si 131316 mass% 000430 SiKA
P 00511 massx g paa
s 14197 masx 00w S KA
a 00116 messx 0007 oA
X 00359 massk 00006 K KA
c 22815 masx 000739 Caxa
Ti 00871 mass 00058 T
Mn 1139 mass 00027 MnkA
Fe 142572 mass% 000675 FekA
Ly 00104 mags% 000178 Cuka
Zn 00064 mass% 000231 Znka
o Qualitative analysis spectrum with narrow
Vo 1525 mek 00021 Moka
s 0009 massx 00084 Sk
v oz sk oS0 wir PHA condition (180-220)
nsen Dele | | Crarge . Spectum

Fig. 10. Higher order line eliminated qualitative analysis result.

being falsely identified as Al-Ka. Although the sample
contains almost no Al, the calculated result for Al in this
case was 0.050 mass%.

By applying the new function, the qualitative analysis
result of the measurement performed by analyzing
crystal RX25, which eliminates higher order lines, is
automatically selected to carry out the calculation for
quantification. Figure 8 shows the qualitative analysis
chart of the same sample with analyzing crystal RX25.
Since higher order lines are not reflected, Ba-La-
3" peak is eliminated at the Al-Ka position. The
quantitative analysis result calculated based on the
Al-Ka net intensity of the automatically selected RX25
qualitative chart was below the detection limit of 0.009
mass%.

5.3. Results from new function in ZSX Guidance
software
When performing SQX analysis with the new
function, the higher order line eliminated qualitative
analysis result is automatically selected for
quantification. The new function incorporated in the
software is shown below. The SQX analysis result
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of the molybdenum ore sample discussed in §5.1 is
shown in Fig. 9. Double clicking on “Zn” displays the
measurement condition used to calculate the result.
It can be seen that the Zn-Ka of the higher order line
eliminated data (PHA 180-220) is selected automatically
for quantification of Zn.

Furthermore, by clicking “Spectrum”, the qualitative
analysis result selected for quantification can easily be
displayed (Fig. 10).

6. Summary

Minimizing the interference of higher order
lines used to require advanced knowledge of XRF
analysis and extensive understanding of the software.
The newly developed software takes advantage of
D-MCA technology to realize automatic elimination of
interference by higher order lines. As a result, highly
accurate analysis and reliable results can be obtained
without any special skills even when higher order lines
are present. This new feature for the ZSX Guidance
is unique to the Rigaku ZSX Primus IV because the
D-MCA has been integrated into the counting system.



