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1. Introduction 
 

The electron probe micro-analyzer (EPMA) is widely 
applied to analyze the chemical compositions of un-
known materials, especially for irradiated nuclear fuels 
[1]. 

To know materials of unknown specimens, qualitative 
analyses, line analyses, mappings, and quantitative anal-
yses are carried out by using the standard specimen with 
the EPMA machine through calculating the K-raw(%). 

But, when quantitative analyses is done without the 
standard specimen, semi-quantitative analyses are per-
formed by adapting the mathematical method of proba-
bility and statistics designed and supplied by the JEOL. 

Therefore, in this paper, the adapted probability and 
statistics supplied by the JEOL is studied to investigate 
results. Also, the results displayed by the machine and by 
calculations for elements Zr (z=40) and Ti (z=22) are 
compared together to prove them. 

 
2. Experimental & Results 

 
2.1 specimen 

 
The used specimen is standard specimen including el-

ements Zr (z=40) having 100.0 wt.% and Ti (z=22) hav-
ing 100.0 wt.%, but those are considered and treated un-
known specimens as shown in Fig. 1. 

 

Fig. 1. The specimen of Zr(z=40) and Ti(z=22). 
 

2.2 Electron probe micro-analyzer (EPMA)[2] 
 
EPMA was carried out using a state of the art shielded 

JEOL JXA-8230 model specially shielded and modified 
to permit the analysis of irradiated nuclear fuels shown 
in Fig. 2. This equipment has 4 WDXs (Wave Dispersive 
Spectrometers) to analyze elements from Boron to Ura-
nium, and an additional function of SEM (Scanning 
Electron Microscope). 
 
2.3 K-raw(%) 
 

The K-raw(%) is calculated by using following equa-
tion (1). 		K − raw(%) = 	 −  	  −  	  × 100			(1) 

,where 
X-ray Intensity : counts per beam current in cps/uA, 
net : net count in cps, 
UNK : unknown specimen, 
STD : standard specimen. 
 

Fig. 2. The appearance of the EPMA at hot lab. in IMEF. 
 
2.4 Qualitative analysis 

 
To analyze the constituents of the specimen composed 

of the Ti and Zr, the qualitative analyses were performed 
under the following conditions respectively. 

- HT (kV) & beam current (A) : 20.0/2.0E-08 
- CH-1(LIF), CH-3(PETH) 
The results of qualitative analyses were shown in Fig. 

3. 
 

  
(a) (b) 

 Fig. 3. Results of qualitative analysis for (a) Ti (z=22, LIFH) 
and (b) Zr (z=40, PETH). 
 
2.5 Semi-qualitative analysis 
 

To analyze the constituents of the specimens com-
posed of the Zr and Ti respectively, the semi-qualitative 
analyses were performed under the following conditions. 

- HT (kV) & beam current (A) : 20.0/2.0E-08 
- CH-1(Ti, LIF/Cal_STD) 
- CH-3(Zr, PETH/Cal_STD) 
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The test results are shown in Tab. 1. 

Table 1 : The test results of semi-quantitative analysis for Ti 
and Zr elements 

 

 
2.6 Coefficients Semi-qualitative analysis for crystals 
 

Coefficients for crystals supplied by the JEOL are cal-
culated by an equation (2) and listed in Tab. 2. ln(I) =  + 	 ×  + 	 ×  +  × 						(2)       

,where I = cps/100pA, Z= ln(z), z = atomic number 

Table 2 : The coefficients for crystals supplied by the JEOL 
and calculated results 

 

 
2.7 Probability and statistics 
 

If the population is known to normal, the sampling dis-
tribution of  will follow a normal distribution exactly, 
no matter how small the size of the samples [3]. So the 
confidence interval for μ is calculated by an equation (3). ̅ −   √ <  < ̅ +   √														(3) 

, where 
  Z =  √ 	 , P −  	 <  < 	   = 1 −  

From above equation (3), when the confidence interval, (1 − α)100%, of the difference between calculated and 
measured X-ray intensities(cps/uA) is within 68.27%, 
95.45%, and 97.33%, then Z-values are 1, 2, and 3 re-
spectively. 
 

2.8 Calculation by adapting the probability and statistics 
 

According to clause 2.7, confidence interval and prob-
ability of it were calculated by equation (4) and the whole 
results are shown in table 3. CI(Confidence	Interval) =   − 100 ,	 			PCI(Prob. of	it) = P(Z < CI) − ( > −),			(4) 	K − raw(%) =  −  (%) − 1	 ×   
 

Table 3 : Final results for the elements of Zr and Ti 
 

 
 
2.9 Summary and discussion 
 

The K-raw(%) values are almost same between Table 
1 and Table 3, so the K-raw(%) in Table 1 is calculated 
by program developed by JEOL considering the confi-
dence interval with difference between calculated and 
measured X-ray intensity(cps/uA) for each elements 
such as Ti and Zr. Therefore, in case of testing the quan-
titative analysis for unknown specimen without standard 
specimens, it must be considered that the analysis results 
are carried out by the semi-quantitative analysis. 

 
3. Conclusions 

 
Throughout the comparative results of the semi-quan-

titative analyses between produced from the machine and 
calculated from calculations, the following items were 
investigated and concluded. 

(1) The results, i.e. population, produced by the ma-
chine are seemed to have the normal distribution, N(μ, ), 
on the basis of probability and statistics. 

(2) To know the K-raw(%), the X-ray intensity of the 
standard specimen is needed but it does not have. In this 
case, to obtained the calculated X-ray intensity of 
CAL_STD spectrometer, the equation (2) is applied the-
oretically. 

(3) The theoretical calculated value is included the er-
rors, i.e. the uncertainty, because of the difference be-
tween the calculated and the measured X-ray intensity. 

(4) The final K-raw(%) could be calculated by using 
the equation (4) by considering the confidence interval 
with understanding the meaning of the difference. It is 
very  related to the confidence interval, (1 − α)100%	, 
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to the calculated X-ray intensity, and the difference is di-
vided by the calculated X-ray intensity, then the ratio is 
obtained, so the Z-values is selected as follows. 

1) Difference < 1σ(68.27%), z=1 
2) 1σ< Difference < 2σ(95.45%), z=2 
3) 2σ< Difference < 3σ(97.33%), z=3 
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