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ABSTRACT: The small amount of elements such as Mn, W, Sn in sediment sample with
concentration in the range of 100 to 500 ppm was simultaneously determined by using X-ray
fluorescence spectrometry. The important parameters such as analytical X-lines, excited high
voltage, tube current and detection limit was investigated and optimized. The data acquisition and
data processing were done on a Energy Dispersive Spectrometer (ED-XRF) which was combined
by the Compact generator CK-5 with Molipden anode, Mo secondary target, the GEN1E-2000
and Win Axil software. Base on the calibration curve between the measured intensity of
characteristic X-ray of Mn, W, Sn and the respective concentrations, the concentration of Mn, W,
Sn was calculated accurately. The precision and accuracy of quantitative analysis were tested by
secondary standadized reference materials and by the analysis in comparison with the different
analytical chemistry methods.

The analytical procedures were set-up and applied for the determination of Mn, W, and Sn in
Vietnam sediment samples with high precision and accuracy.

INTRODUCTION

Sediment in Vietnam Sea contains a large amount of so-called "solid mineral
resources", in which the concentration of some element such as Mn, W, Sn is in the
range of 100 to 500 ppm. The quantitative determination of these elements in the
n.entioned above concentration range is usually performed by the classical analytical
chemistry methods. However, these analytical procedures are rather complicated. The
X-ray Fluorescence Analysis was selected due to the following advantages: rapid and
simultaneous determination of the above mentioned elements in sediment samples.

Principle of XRF analysis

When a primary X-ray of the excitation source from a X-ray tube (or radioactive
isotope) strikes on samples, the X-ray can either be absorbed by atom or scattered
through the material. If the primary X-ray has sufficient energy, electrons are ejected
from the shells, creating vacancies. Electrons then from outer shells are transformed to
the inner shells and in the process give off a characteristic X-ray. Each elements has
own characteristic X-ray energy spectrum The process of emission of characteristic X-
ray is called"X-ray fluorescence"or XRF. In most cases the innermost K and L shells
are involved in XRF detection.

EXPERIMENTAL

Equipment

The X-ray fluorescence spectrometry system includes:

The excitation source: X-ray tube : Compact generator 3K5 with Mo anode and
Mo secondary target;
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Si(Li) SL 30165 detector of 30 mm2and 25|im Be window with energy
resolution of 180 Ev( at 5.9 keV) of "Fc;

Pre-amplifier Canberra Model 2008B. Canberra AFT Research Amplifier Model
2025

Canberra Multiport 11 Multichannel analyser

Data acquisition software GENIE-2000, spectrum processing: Win Axil

X-ray samples preparation

Certified Reference Materials (CRMs) and analytical samples were measured
under the identical condition. Three sediment CRMs (OU-51,CH-11,SL-31) and 5
synthesized samples (S1,S2, S3, S4, and S5) with various concentrations of the analyzed
elements ware studied. The measured samples arc thick samples.

Selection of Characteristic lines

Lines of Mn: Kal:
KPI:

Lines of W: La:

Lines of Sn: Kal:
Ka2:

RESULTS AND DISCUSSION

5.895 keV
6.491 keV
8.398 keV
9.672 keV
25.271 keV
25.044 keV

Study on the optimum conditions such as high voltage, X-ray tube current
for determining of Mn, W, and Sn

In order to excite a certain characteristic line, the X-ray lube must be operated at
a voltage Vo, which is much higher than the critical excitation potential Vc of the
lement. The relationship among the measured intensity 1 of the characteristic line, the
tube current i and critical excitation potentials is described as I=Ki(V(,-VL.)
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Figure 1: The dependence of X-ray
Intensity on high voltage (kV)
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Figure 2: The dependence of X-ray
Intensity on tube current(mA)
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It can be found that the linear dependence beetween X-ray intensity (measured as
peak ares) and high voltage and that to the tube current have been shown. The intensity
values increased with the increase of voltage and tube current. These factors are
important, especially when the Ka of Sn with high energy (25.214keV) is used for the
quantitative analysis of Sn. However, if the tube current was highly increased over a
certain value, the stability of analysis decreased. From the studied results, and for
obtaining the sufficient excitation to all 3 elements Mn, W, and Sn, the voltage of 50kV
and tube current of 20mA were chosen.

The Calibration of Mn, W, Sn
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Figure 3: Dependency of X-ray intensity of Mn, W, Sn on their concentration

The figure of the calibration curves of Mn, W, Sn showed the regression
coefficient y=3.024x+353.38 and R2=0.991, y=3.8035x +73.041 and R2 = 0.9951, and
y=1.1333x+l 1.417 and R2 = 0.9967 towards Mn, W, and Sn, respectively

From Fig.3, it can be found that there existed the linear dependence of X-ray
cnaracteristic intensity of Mn, W, Sn on their concentration. This meant that the matrix
absorption and the enhanced absorption factors were not effected much on the measured
elements in this type of samples. Hence, we can use these calibration curves for the
quantitative analysis of these above elements. However, we should take into account the
interaction between matrix and analyzed elements when fitting the spectrum in Axil
software.

Detection limit

The detection limit of a given element always depends on three major factors:the
sensitivity of the spectrometer for that element in terms of the counting rate per unit, the
concentration of the analyzed element, and the background under corresponding peak.
The detection limit can be express by the following equation:

3 a M... C .
DL =

peak - s bkg

Where:
DL : detection limit
abkg: standard deviation of background
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S ^ and Sbkg: Peak area and corresponding background area

By experiment, we have determined the detection limit for the analyzed elements
as 10 ppm, 20 ppm, and 20 ppm to Mn, W, and Sn, respectively.

Quality control test

Test by the analysis of synthesized samples

The synthesized samples were made by mixing the pure SiO2, A12O3 ...with high
concentration, that consist as the major component in sediment. This sample was then
added various small amounts of analyzed elements such as Mn, W, and Sn. The
synthesized samples were tested under identical condition where the CRMs were. The
good agreement between the found values and lhe added values was obtained.

Table 1: Results of X-ray comparative samples

Synthesized
samples

SI

S2

S3

Elements

Mn

W

Sn

Mn

W

Sn

Mn

W

Sn

Measurement Value
(ppm)

982 ± 40

236 ± 18

235 ± 20

526 ±30

110 ±25

118 ±21

237 ±17

56+10

54±11

Added value
(ppm)
1000

250

250

500

125

125

250

62.6

62.5

Comparison ofXRF analysis with the other analytical method

Some real sediment samples obtained from the Institute for Marine Geological-
Mineral Research were analyzed by using XRF technique and the other analytical
chemistry method. The results were given in Table 3.

Table 2: Comparison of the sediment samples analysis in different techniques

Sample
Code

LK-02(5 m)

Element

Mn

W

Sn

X-ray fluorescence
method

532 ± 28

62 ±7

43±6

Analytical
Chemistry method

513+12

56+4

50 ± 3
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LK-02(18m)

LK-02(36 m)

Mn

W

Sn

Mn

W

Sn

1034 ±35

] 24 ± 12

82 ±6

421+24

64 ±6

,65 ±5

986 ±16

131 ±7

72 ±3

435 ±11

55 ±4

50 ±3

CONCLUSION

The study on analysis of the composition of marine sediment including the heavy
elements such as Mn, W, Sn in plays the important role to orient the marine resources
research and exploitation. XRF technique became widely being used due to the great
advantages such as the possibility of direct analysis without time consuming and
chemical treatment and the ability to supply the demand of mineral processing.

In the frame work of this project, the studies on the optimization of instrument
parameters for the determination of Mn, W, and Sn in marine sediment samples were
carried out. The curves performed the dependence of X-ray spectrum Intensity of each
analyzed element on their concentrations were plotted. The calibration curve for Mn, W,
and Sn were then set up in the range of concentration from 50 to 2000 ppm for Mn and
from 30 to 500 ppm for the remained elements.

The procedure for analysis of these elements in marine sediment samples was
established. The application of this procedure for the analysis of CRMs and synthesized
samples showed good and reliable results.
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