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Abstract - Natural geological samples are generally heterogeneous and often contain low concentrations of trace elements. Accuracy, 
precision and homogeneity of chemical analysis of fine-grained powder samples from the Geological Survey of Japan trapped on a 
polycarbonate filter were carried out by PIXE to estimate the chemical compositions of geological samples having small volumes (1 
to 0.5mg). The results of accuracy and precision of the chemical analysis of rock standard samples illustrated that the filter with a 
pore size of 0.4μm was better although an exception of JA-3 indicated the filter with a pore size of 0.2μm was better. The accuracy 
and precision of the ore standard samples showed it was difficult to decide which kind of filter was suitable to be regard as a better 
target for detected by PIXE, which reason was related to the precisions and accuracies of the measured trace elements on both 
filters were of no great difference. Based on the study on the homogeneity of rock and ore standard samples, the results suggested 
the preparation of homogeneous filter target of samples for analysis in PIXE was difficult, and the reference standard samples 
were important and need to be prepared carefully with controlled grain-size and examined for homogeneity. 
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I. INTRODUCTION 
 
Natural geological samples are generally heterogeneous 

and often contain low concentrations of trace elements. 
Nowadays, many nuclear techniques have been performed 
on various studies in geosciences field for decades (Goodall 
et al., 2005; Vaggellia et al., 2003; Zhang et al., 2011; 
Giulia et al., 2008; Masanori et al., 2003; Zhang et al., 
2010;Marques et al., 2007). Some techniques, especially 
PIXE has proved to be very powerful for determining the 
trace elemental concentration of geological bulk specimens 
at ppm levels, whereas, some basically controversial 
problems still need to be studied for the application in 
geosciences field, such as what kinds of sample can be 
regard as a internal standard to calculate the calibration 
factor between the measured value and the certified value, 
how to prepare a homogeneous target film and the pore size 
of a filter and how about the accuracy of different pore size 
of filter as a target for determining the concentration of 
trace element in rock and ore samples. Zhang et al. (2012) 
suggested that the polycarbonate filter with a pore size of 
0.4 µm was better for the chemical analysis of rock samples, 
whereas the polycarbonate filter with a pore size of 0.2 µm 
was better for ore samples and proposed a calibration 
method to calculate the calibration factor for GSJ standard 
samples.  The aim of this study is to evaluate the accuracy, 
precision and homogeneity of a preparation method for rock 
and ore samples trapped on polycarbonate filters with pore 
size of 0.2 µm or 0.4 µm. 

 
 
 
 

II. EXPERIMENTS 

A. Samples 
 
Seven standard reference samples of JB-3, JGB-1, JA-3, 

JG-3, JR-1, JZn-1 and JCu-1 from the Geological Survey of 
Japan were used for chemical analysis of concentrations of 
major, minor and trace elements by PIXE to evaluate the 
accuracy and homogeneity of chemical analysis on 
polycarbonate filters with pore size of 0.2 µm and 0.4 µm 
for ore and rock samples. Detailed information about 
sample collection and handling can be found on the 
homepage of GSJ. Zhang et al. (2012) has described a 
preparation procedure for PIXE target filter, herein, a 
schematic flowchart of the procedure for preparing a 
powder sample is shown in Fig. 1. 

 
Figure.1. Schematic flowchart of the procedure for preparing a powder 

sample for analysis by PIXE in the geoscience field 

 
The target filter was prepared as follows: 1) the powder 

was weighed for ore samples (2.0 mg powder) and rock 
samples (1.0 mg powder), 2) the powder was dispersed in 
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distilled water, 3) the solution was vibrated by an ultrasonic 
cleaner for about 3 minutes to completely disperse the 
power, 4) the membrane filter was set on the filter holder, 5) 
the solution was transferred into the funnel of a vacuum 
filtration system, 6) the internal wall of the beaker was 

rinsed with distilled water, 7) the solution was filtrated by a 
vacuum filtration system, 8) the filter was placed on the 
slide as a target, 9) the slide was kept in a polypropylene 
bottle for PIXE analysis. 
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Figure.2. Scatter plots and calibration lines of measured concentrations of oxides against certified concentrations when pore sizes of filter target are 0.2 μm 
and 0.4 μm. The black dashed line is the ‘y=x’ line, and the black solid line is the linear regression line 

 
 
B. Analysis 

 
Chemical compositions of the samples were determined 

by PIXE at Nishina Memorial Cyclotron Center (NMCC), 
Japan Radioisotope Association, using 2.9 MeV protons 
from a baby cyclotron. Beam currents, accumulated charge 
and typical measurement time were 20-40 nA, 11-19 C 
and 5-10 min, respectively. For confirming the 
homogeneity and accuracy of analyzing chemical 
concentration of ore and rock standard samples on the filter, 
analytical points were chosen at five filters for each of rock 
standard samples and taking two replicate measurement 
points at every filter. X-ray spectra were analyzed using the 
SAPIX program (Sera et al., 1996). The concentrations of 
oxides of Japanese rock standards detected by PIXE were 
estimated with reference to known concentrations of 
elements in the rock standard. The elements were Fe for JB-
3, JGB-1, and JA-3 and K for JG-3 and JR-1.   
 
 
 

III. RESULTS AND DISCUSSION 
 
The effect of pore size of membrane filter on the 

ncentration. For MnO, MgO and TiO2, all of the calibration 
lines are regressed on the right side of the line of ‘y=x’, and 
the measured concentrations are significantly lower than 
their certified values. The slopes of the calibration lines of 
0.2 μm and 0.4 μm are 0.54 and 0.64, respectively, for MnO, 
0.71 and 0.77, respectively, for MgO and 0.82 and 0.82, 
respectively, for TiO2. The filter with a pore size of 0.4 μm 
is better for analysis of MnO，MgO and TiO2. For CaO, 
Na2O and K2O, all of the calibration lines are almost the 
same as the line of ‘y=x’, and the measured concentrations 
are almost equal to the certified vaccuracy and precision of 
PIXE was examined when the diameters of the pore size 
were 0.2 μm and 0.4 μm. Measured results for the rock and 
ore samples are show in Tables 1 and 2, respectively. The 
precisions are expressed as relative standard deviation 
(RSD) (standard deviation×100%/ mean) and the accuracies 
are expressed as relative errors ((│measured concentration- 
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certified concentration│/certified concentration) ×100 %). 
The homogeneity problem that could arise due to the 
preparation of filter target with different pore size was 
tested by Scanning Electron Microscope (SEM) BEC 
images of major and trace elements distributed onto the filer 

target and comparing the ratio of measured content to 
certified content to major and trace elements of standard 
samples between the filter with a pore size of 0.2 μm and 
the filter with a pore size of 0.4 μm. The results of 
homogeneity are shown in Fig.3, Fig.4 and Fig.5. 

 

 

 
 

 

JB-3 JB-3 

JGB-1 JGB-1 

JA-3 JA-3 JG-3 JG-3 

JR-1 JR-1 
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Figure.3. Diagrams of the ratio of measured values to certified values for the oxides determined by PIXE to the standard sample of JB-3, JGB-1, JA-3, JG-3 
and JR-1 for filters with pore size of 0.2 μm(left column) and 0.4 μm(right column).’0.2-1’ indicating the first analytical point on the first filter for pore size 

of 0.2 μm and ’0.2-1-2’ indicating the second analytical point on the first filter for pore size of 0.2 μm. 

 

 

Figure.4. Diagrams of the ratio of measured values to certified values for the element determined by PIXE to the standard sample of JZn-1 and JCu-1 for 
filters with pore size of 0.2 μm(left column) and 0.4 μm(right column) 

 
 
A. Determination of Pore Size of Polycarbonate Filter for 
Rock Samples 

 
The slope of the calibration line (Fig. 2) was used as the 

calibration coefficient to evaluate effect of pore size of the 
filter. If the slope of the calibration line was close to that of 
the line of ‘y=x’, the result of the concentration of oxide 
component determined by PIXE was better. For SiO2, the 
slopes of filters with pore sizes of 0.2 μm and 0.4 μm are 
1.61 and 1.46, respectively. The results suggest the filter 
with a pore size of 0.4 μm gives a better calibration than do 
other filters. A similar tendency is observed for Al2O3: a 
pore size of 0.4 μm is also better for obtaining an accurate 
coalues. The slopes of calibration lines of 0.2 μm and 0.4 
μm are close to 1: 0.91, and 0.98, respectively, for CaO; 

1.08 and 1.05, respectively, for Na2O; 0.99, and 0.98, 
respectively for K2O. The filter with a pore size of 0.4 μm is 
also better as a target for these oxides. The degree of 
linearity of data obtained from the measured values and 
certified values is much better for the filter with a pore size 
of 0.4 μm than for the filters with pore sizes of 0.2 μm. So 
the result of this study is in agreement with the previous 
result proposed by Zhang et al. (2012). 
 
B. Accuracy and Precision for Rock Samples 

 
Accuracy and precision of PIXE method for filters with 

pore sizes of 0.2 µm or 0.4 µm in rock samples were 
compared using GSJ standard samples of JB-3, JGb-1, JA-3, 
JG-3 and JR-1. For the rock standard of JB-3, when the 

JZn-1 JZn-1 

JCu-1 JCu-1 
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pore size in the measurement is 0.4 μm, the exception for 
MgO, Na2O and K2O, the precision for SiO2, TiO2, Al2O3, 
MnO and CaO are better than the smaller pore size of 0.2 
μm. The accuracy for SiO2, TiO2, Al2O3 and K2O with the 
smaller pore size of 0.2 μm is better than the larger pore 
size of 0.4 μm. In the measurements of rock standard of 
JGB-1, there are no great differences between the precisions 
and accuracies of the measured results when using the filter 
with a pore size of 0.2 μm or 0.4 μm. For SiO2, TiO2, Al2O3, 
MnO, MgO, CaO and Na2O, the precisions of the smaller 
pore size filter are better than the larger pore size filter, 
whereas the accuracies for SiO2, TiO2, MnO, MgO and CaO 
are better using the filter with a pore size of 0.4 μm. 
According to these results, the filter with a pore size of 0.4 
μm is regarded as a better target for rock standard sample of 
JGB-1. For the rock standard of JA-3, the precisions for the 
measured oxides of the filter with a pore size of 0.2 μm are 
less than 10%, whereas the precisions for the measured 
oxides of the filter with a pore size of 0.4 μm are larger than 
10% except for TiO2 and CaO. The accuracies for the 
measured oxides of filter with smaller pore size are better 
than the larger pore size filter. So the filter with a pore size 
of 0.2μm can been taken as a target for the rock standard of 
JA-3.Comparison of the precisions and accuracies of the 
smaller pore size and larger pore size filter using rock 
standard of JG-3 show that the precisions of the filter with a 
pore size 0.2μm or 0.4μm for oxides are no great 
differences and the accuracies of the filter with a pore size 
of 0.4μm for SiO2, TiO2, Al2O3 and FeO are better than the 
smaller pore size of 0.2μm, therefore the larger pore size 
filter is used as a target for JG-3. For the rock standard of 
JR-1, the precisions of filter with a pore size of 0.4μm for 
oxides are better than the smaller pore size filter except for 
MgO and CaO, whereas the accuracies of the filter with a 
pore size 0.2μm or 0.4μm for oxides are no great 
differences except for MgO. The precision and accuracy for 
MgO are larger than 50% and 70%, respectively. The 
results for JR-1 suggest that the filter with a pore size of 
0.4μm is better as a target for PIXE method. 

Based on described above and compared with 
previously measured PIXE results using the GSJ rock 
standard samples to estimate the precision and accuracy of 
analytical powders trapped onto the filter with a pore size of 
0.2μm or 0.4μm, the results show that the filter with a pore 
size of 0.4μm is better for the chemical analysis of rock 

samples, although an exception for JA-3 indicate the filter 
with a pore size of 0.2μm is better, the differences of the 
precision and accuracy for both of the filter are not so 
obvious, so the result of this study is in agreement with the 
previous result proposed by Zhang et al. (2012). 
 
C. Accuracy and Precision for Ore Samples 

 
The accuracy and precision for the elements of S, Zn, 

Pb, Sr, Cu and As measured using PIXE method were 
compared by analyzing the GSJ ore standard JZn-1 and 
JCu-1five times for each of filter target. Results are shown 
in Table 2. For the ore standard of JZn-1, the precisions for 
trace elements of S, Zn and Pb are less than10% and better 
in the filter with a pore size of 0.2μm compared to the filter 
with a pore size of 0.4μm. The precisions for trace elements 
of Sr and As detected on the filter with a pore size of 0.2μm 
are 13.0% and19.4%, respectively, also better than the 
precision of the filter with a pore size of 0.4μm for As, for 
Sr, the precisions of both of filter are similar. The 
accuracies are 17.3-50.1% for S, Pb, Sr and As on the filter 
with a pore size of 0.2μm, whereas the accuracies are 11.5-
46.3% on the filter with a pore size of 0.4μm, thus the 
accuracy of larger pore size filter is better than smaller pore 
size filter for the ore standard of JZn-1.For the ore standard 
of JCu-1, the precisions for S and Zn are 3.2% and 3.7%, 
respectively, and 27.3-33.0% for Pb and As on the filter 
with pore size of 0.2μm, whereas on the filter with pore size 
of 0.4μm, the precisions for and Zn are 1.7 % and 3.9%, 
respectively, and 27.0-28.4% for Pb and As. The accuracies 
for the measured trace elements are larger than 20% and 
better on the filer with pore size of 0.4μm, the only 
exception is the accuracy of Pb, which values of both filters 
are larger than 1600%.  

According to described above, the results show it is 
difficult to decide which kind of filter is suitable to be 
regard as a better target for detected by PIXE methods, the 
reason is related to the precisions and accuracies of the 
measured trace elements on both of filters are of no great 
difference except for an abnormal element of Pb. 
Combining with the previous conclusion proposed by 
Zhang et al. (2012), the filter with a pore size of 0.2 μm is 
still thought to be a suitable filter for PIXE measurement in 
JZn-1 and JCu-1. 
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Figure.5. SEM BEC images for selected standard samples of JB-3, JA-3, JG-3 and JZn-1 for filters with pore size of 0.2 μm and 0.4 μm. The scales of view 

filed for each standard sample include 10mm, 300μm, 150μm, 60μm and 30μm in the order of magnification implying the homogeneous degree of the 
standard sample. 
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TABLE Ⅰ PRECISIONS AND ACCURACIES FOR OXIDES OF THE STANDARD SAMPLE OF JB-3, JGB-1, JA-3, JG-3 AND JR-1 TO FILTERS 
WITH PORE SIZE OF 0.2 ΜM AND 0.4 ΜM USING THE PIXE METHOD. 

 

Standard 
sample 

Oxide 
Certified  

(wt%) 

Pore size 0.2 µm Pore size 0.4 µm 

Measured 
(wt%) 

SD 
(wt%) 

RSD 
(%) 

Relative 
error 
(%) 

Measured 
(wt%) 

SD 
(wt%) 

RSD 
(%) 

Relative 
error 
(%) 

JB-3 

SiO2 50.96 50.39 13.37 26.54 1.13 54.06 8.74 16.17 6.08 

TiO2 1.44 1.23 0.11 9.30 14.92 1.17 0.05 4.36 18.46 

Al2O3 17.20 20.88 3.92 18.76 21.39 21.41 3.68 17.18 24.48 

FeO 10.64 10.64 0.00 0.00 0.00 10.64 0.00 0.00 0.00 

MnO 0.18 0.13 0.02 16.05 26.73 0.14 0.01 6.57 18.69 

MgO 5.19 3.13 0.35 11.15 39.76 3.26 0.43 13.30 37.10 

CaO 9.79 9.36 1.17 12.53 4.38 9.81 1.02 10.36 0.23 

Na2O 2.73 2.54 0.42 16.63 6.99 2.67 0.45 16.85 2.22 

K2O 0.78 0.83 0.15 17.80 6.48 0.88 0.17 19.80 12.60 

JGB-1 

SiO2 43.66 40.39 2.38 5.90 7.49 43.62 3.63 8.32 0.10 

TiO2 1.60 1.38 0.04 2.92 13.91 1.42 0.06 3.95 11.37 

Al2O3 17.49 18.75 1.11 5.94 7.18 20.44 1.73 8.44 16.86 

FeO 13.55 13.55 0.00 0.00 0.00 13.55 0.01 0.08 0.03 

MnO 0.19 0.14 0.01 4.97 27.24 0.14 0.01 5.89 24.99 

MgO 7.85 6.14 0.30 4.94 21.74 6.70 0.62 9.25 14.60 

CaO 11.90 10.70 0.38 3.54 10.12 11.24 0.53 4.75 5.52 

Na2O 1.20 1.21 0.11 8.77 0.43 1.36 0.16 12.10 13.07 

K2O 0.24 0.23 0.04 16.71 5.49 0.21 0.03 16.45 12.74 

JA-3 

SiO2 62.27 78.03 5.63 7.22 25.31 79.49 10.25 12.89 27.66 

TiO2 0.70 0.68 0.02 3.08 2.83 0.70 0.04 5.50 0.59 

Al2O3 15.56 21.43 1.73 8.09 37.69 21.98 3.07 13.97 41.26 

FeO 5.94 5.94 0.00 0.00 0.00 5.94 0.00 0.00 0.00 

MnO 0.10 0.08 0.01 7.94 20.30 0.08 0.01 10.25 19.44 

MgO 3.72 2.61 0.25 9.72 29.94 2.53 0.37 14.75 31.96 

CaO 6.24 6.73 0.45 6.70 7.86 6.96 0.56 7.98 11.49 

Na2O 3.19 3.45 0.25 7.21 8.26 3.67 0.70 18.98 15.20 

K2O 1.41 1.61 0.09 5.84 14.42 1.65 0.17 10.46 17.28 

JG-3 

SiO2 67.29 86.34 3.55 4.12 28.31 80.71 4.33 5.36 19.94 

TiO2 0.48 0.53 0.05 10.07 9.41 0.52 0.04 7.03 7.65 

Al2O3 15.48 19.60 0.79 4.03 26.64 18.52 0.89 4.79 19.64 

FeO 3.32 3.78 0.33 8.86 13.76 3.66 0.23 6.32 10.15 

MnO 0.07 0.07 0.01 9.86 2.63 0.07 0.01 10.41 6.85 

MgO 1.79 1.85 0.20 10.65 3.31 1.94 0.15 7.76 8.41 

CaO 3.69 3.65 0.21 5.86 1.00 3.42 0.12 3.65 7.34 

Na2O 3.96 4.29 0.24 5.67 8.46 4.33 0.21 4.86 9.39 

K2O 2.64 2.64 0.00 0.00 0.07 2.64 0.00 0.00 0.07 

JR-1 

SiO2 75.45 85.72 3.94 4.59 13.61 87.50 3.56 4.07 15.98 

TiO2 0.11 0.10 0.01 8.52 13.06 0.10 0.01 7.25 9.51 

Al2O3 12.83 14.09 0.80 5.66 9.81 14.40 0.57 3.97 12.22 

FeO 0.80 0.82 0.02 3.03 2.43 0.84 0.03 4.02 5.84 

MnO 0.10 0.10 0.00 4.16 1.05 0.10 0.00 4.17 0.42 

MgO 0.12 0.21 0.12 54.70 77.77 0.22 0.11 50.39 82.07 

CaO 0.67 0.57 0.05 8.59 15.62 0.44 0.08 18.99 34.50 

Na2O 4.02 4.02 0.38 9.44 0.00 4.10 0.24 5.88 1.90 

K2O 4.41 4.41 0.00 0.00 0.03 4.41 0.00 0.00 0.03 

 

D. Homogeneity 
 
Possibility of homogeneity problem that could arise due 

to preparing fine-grained powder samples which maybe 

include of different size particles after crushing the rock or 
ore standard samples by the agate mortar and to choosing a 
suitable pore size membrane filter for filtrating the 
dispersed powder solution as a PIXE target. In addition, the 
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PIXE method is surface sensitive itself because of the low 
energy of the X-rays used and small sample volumes of 
represent surface layers only measured. For testing the 
homogeneity of the determined data by PIXE, two methods 
were employed in this study.  The measured results of the 
present study for the filter with a pore size of 0.2 μm or 0.4 
μm were being judged against the certified results of 
homogenized rock or ore standard samples determined by 
GSJ. In addition, analytical points were chosen at five 

filters for each of rock standard samples and taking two 
replicate measurement points at every filter. The 
comparable results against the certified contents of rock and 
ore standard samples are shown in Fig.3 and Fig.4, 
respectively. For observing the homogeneous and 
heterogeneous distribution of fine-grained particles of rock 
and ore samples on the filter with a pore size of size of 0.2 
μm or 0.4 μm, Scanning Electron Microscope (SEM) BEC 
images for selected standard samples are illustrated in Fig.5. 

 
TABLE2. PRECISIONS AND ACCURACIES FOR TRACE ELEMENT OF THE STANDARD SAMPLE OF JZN-1 AND JCU-1 TO FILTERS WITH 

PORE SIZE OF 0.2 ΜM AND 0.4 ΜM USING THE PIXE METHOD. 

Standard 
sample 

Element 
Certified  

(ppm) 

Pore size 0.2 µm Pore size 0.4 µm 

Measured 
(ppm) 

SD 
(ppm) 

RSD 
(%) 

Relative 
error 
(%) 

Measured 
(ppm) 

SD 
(ppm) 

RSD 
(%) 

Relative 
error 
(%) 

JZn-1 

S 12700 8657.21 419.53 4.85 31.83 8705.45 511.05 5.87 31.45 

Zn 22200 22200.00 0.00 0.00 0.00 22200.00 0.00 0.00 0.00 

Pb 1610 1888.54 66.62 3.53 17.30 1796.08 76.31 4.25 11.56 

Sr 358 178.63 23.20 12.99 50.10 192.35 23.45 12.19 46.27 

As 99 72.77 14.14 19.43 26.50 82.27 30.81 37.45 16.90 

JCu-1 

S 70000 44571.94 1424.64 3.20 36.33 46129.80 789.20 1.71 34.10 

Cu 37300.00 37300.00 0.00 0.00 0.00 37300.00 0.00 0.00 0.00 

Zn 679 533.78 19.66 3.68 21.39 523.65 20.63 3.94 22.88 

Pb 4.0 88.09 29.04 32.97 2102.24 68.58 18.49 26.96 1614.53 

As 173 64.29 17.55 27.30 62.84 74.70 21.17 28.35 56.82 

 
Fig. 3 is a comparison of the ratios of the measured 

content to certified content for the 5 common rock reference 
standards used in PIXE method. The basis for estimating 
the homogeneity is that for a homogeneous filter as below: 
(1) the ratios of the measured content to certified content 
should be fall with ±10%; (2) the contents of five analytical 
points with two replicate measurements at a single 
analytical point are roughly similar or follow a similar trend 
on one filter. According to the ratio for the rock standard of 
JB-3, the measured oxides of SiO2, Al2O3, Na2O and K2O 
can be considered inhomogeneously distributed on the filter 
with a pore size of 0.2 μm or 0.4 μm, whereas for TiO2, 
MnO, MgO and CaO, the ratios present similar trend and 
roughly similar values, this results can be thought 
homogeneously distributed for these oxides initially. SEM 
BEC images for JB-3 show inhomogeneous distribution in 
Fig.4, the gain size of the sample is variable and discrete on 
the both of filter. Thus, the rock standard of JB-3 is not 
suitable as a standard to calibrate the measured values in 
principle. For the rock standard of JGB-1, the calculated 
ratios of SiO2, Al2O3, CaO and Na2O distribute 
homogeneously on the filter with a pore size of 0.2 μm 
compared to the filter with a pore size of 0.4 μm on the 
basis of evaluating criterion. For the oxides of TiO2, MnO 
and MgO, the ratios are not fall with ±10%, but, satisfy the 
trend with roughly similar values, therefore these three 
oxides could be considered homogeneously distributed on 
the filter with a pore size of 0.2 μm. For K2O, the 
distribution of ratio is scatter and only three analytical 
points fall into the limited range of ±10%, this result 

suggests the distribution of K2O on the filter with a pore 
size of 0.2 μm is heterogeneous. For the rock standard of 
JA-3, the ratios of SiO2, Al2O3, CaO, Na2O and K2O are 
overestimated while the ratios of MnO and MgO are 
underestimated on larger and smaller pore size filters. 
However the distribution of the calculated ratios satisfy the 
second basis showing homogeneously distributed on the 
smaller pore size filter, whereas on the larger filter, the 
distribution of ratios  for most of  oxides are scatter except 
for TiO2. This result suggests the homogeneous degree of 
filter with a pore size of 0.2 μm is better than that of filter 
with a pore size of 0.4 μm. SEM BEC images for JA-3 
illustrate the distribution of grain size of particle on the 
larger filter is homogeneous relative to the smaller filter 
which result is contrary to the result of the calculated ratios 
of measured content to certified content. For the rock 
standard of JG-3, the ratios of SiO2, TiO2, Al2O3, FeO, 
MnO, MgO, CaO,and Na2O are homogeneous distribution 
based on the evaluating criterion for both of filters, 
meanwhile the observed ratios of SiO2, TiO2, Al2O3, FeO 
and Na2O  are overestimated relative to the certified content 
and the maximum ratios of all of oxides on the larger filter 
are less than those on the smaller filter. SEM BEC images 
of two filters show the grain size and sort of JG-3 for the 
filter with a pore size of 0.4 μm are better than those for 
filter with a pore size of 0.2 μm.  For the rock standard of 
JR-1, the calculated ratio of SiO2, TiO2, Al2O3, FeO, MnO, 
CaO and Na2O, with the exception of  MgO, are 
homogeneously distributed. In addition, the ratios of SiO2, 
Al2O3, FeO and Na2O are overestimated whereas the ratios 
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of TiO2 and CaO are underestimated. The homogeneous 
degree of larger filer is better than that of smaller filter 
identified based on the maximum ratio. 

Fig.4 is a comparison of the ratios of the measured 
content to certified content for the 2 common ore reference 
standards used in PIXE method. For the ore standard of 
JZn-1, based on the same evaluating criterion, S, Pb and Zn 
are homogeneous distribution whereas Sr and As are  not 
homogeneously distributed on the two filters. SEM image 
of JZn-1 show the homogeneous degree on the filter with a 
pore size 0.2 μm is better than 0.4 μm in Fig.5. For the ore 
standard of JCu-1, the distribution of S, Cu and Zn are 
homogeneous whereas Pb and As are inhomogeneous 
distribution on larger and smaller filters and the difference 
of homogeneous degree on the two filter is not so obvious. 

The preparation of homogeneous filter target of samples 
for analysis in PIXE method is difficult just as described 
above, particularly if the particle size of sample is variable. 
So far, there is no information as to the effect of grain size 
of geological sample used in the PIXE analysis. Another 
attention should be paid to the reference standard samples 
which are important and prepared carefully with controlled 
grain-size and examined for homogeneity. The reference 
standards chosen will decide the accuracy and precision of 
the analytical points.  
 

IV. CONCLUSIONS 
 
A relatively simple sample preparation method was 

developed for PIXE analysis of geological powder samples 
using a membrane filter. Seven standard samples that were 
previously analyzed by GSJ were used for evaluating the 
accuracy, precision and homogeneity of different membrane 
filters with pore sizes of 0.2 μm and 0.4 μm. The results 
suggested that the filter with a pore size of 0.4 μm was 
better for the chemical analysis of rock samples，whereas 
for the ore samples, the filter with a pore size of 0.2 μm was 
better combining with previous research although the 
precisions and accuracies of the measured trace elements on 
both of filters were of no great difference. Two methods 
were employed in this study to evaluate the homogeneous 
distribution of measured content of oxides of rock standard 
samples and trace elements of ore standard samples as 
particles trapped on the filter, the first method was to 
calculate the ratio of the measured content to certified 
content, the second method was to observe the BEC image 

under the SEM. The results of the homogenous degree for 
rock and ore samples suggested the preparation of 
homogeneous filter target of samples for analysis in PIXE 
method was difficult, particularly if the particle size of 
sample was variable and the grain size and homogeneity of 
reference standard samples should be given more attention. 
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