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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).
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,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.
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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

2.8 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.

Element Ti Zr OUNK
Frequency  1st 2nd 3rd 1st 2nd 3rd CI(Confldence Interval) = (Zvau e ™ —100 ),
191249|  191.245| 191245 194568 194564 194.554 .
o 1818 18319] 17944| s148] s51248] 50445 PCI(Prob. of it) = P(Z < CI) — P(Z > —=CI), (4)
Net i : i !
Ehicps) K—raw(%) = K —rmaw (%) — 1 x PCI
Bg-(cps) 44 44 36 332 306 308
Bg+(cps) 44 48 48 182 228 196
S.D.(%) 074 074 075 044 044 045 Table 3 : Final results for the elements of Zr and Ti
D.L.(ppm 531 544 522 436 445 434
K-raw(%)| 102.941] 103.987| 102269 98.958| 98.691 97.467 - Ti P
Curr.(A) :| 9.93E-09 9.90E-09| 9.86E-09| 9.99E-09| 9.97E-09 9.93E-09
Intensi Frequency 1st 2nd 3rd 1st 2nd 3rd
(: z;z'g 183E+05|  1.85E+05| 182E+05|5.16E+05|5.14E+05| 5.08E+05 i
P jitensity uni 183£+05| 1856+05| 182E+05| S516E+05| 5.14E+05| 5.08E+05
Remarks 0115QNT 0113QNT (cps/ul)
Intensity Table.Zr | 1,338 | 1773318 | 1773318 | 4970738 | 4970738 | 4970738
(cps/uA)
2.6 Coefficients Semi-qualitative analysis for crystals KCrawiya Lo:s| cros| dodeRl nm2|  dBe| 220
Cl:::::r" 29026| 29926 | 29925| 19956| 19956 | 19955
Coecfficients for crystals supplied by the JEOL are cal- Probability of voms | osoms| osera| oswe] sl osem
. . N . . .S g ; X 9544
culated by an equation (2) and listed in Tab. 2. Confidence Interval
Probability
]n(I) =—a+b XZ+c XZ2+dx2Z3 (2) of Difference 09764 09764 | 09764 | 09493 09493 [ 09493
,where I = cps/100pA, Z= In(z), z = atomic number o 5 5 5 5 5 5
Table 2 : The coefficients for crystals supplied by the JEOL K-raw(%) 10200%|  10404%| 10233%| ososw| osesw%| o9746%

and calculated results

Elememt Ti Zr Remarks
Channel CH-1 CH-3
Crystal LF/ka | PETH/La
z 22 40|Atomic No.
a 3.158543| -1.97409
b -69.6945( -53.0312
c 41.93018| 27.82146
d -6.27946| -3.52669

In(2) 3.091042| 3.688879
In(l) 2.899297| 3.958137
cps/100pA | 18.16137| 52.35967
CA(cps/uA) | 181613.7| 523596.7|Calculated
ME(cps/uA)| 177331.8| 497069.8|Measured
4281.1| 26528.6|= CA-ME

Difference

2.7 Probability and statistics

If the population is known to normal, the sampling dis-
tribution of X will follow a normal distribution exactly,
no matter how small the size of the samples [3]. So the
confidence interval for p1 is calculated by an equation (3).
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From above equation (3), when the confidence interval,
(1 — )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.

2.9 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(y, o2),
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 — a)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 < 10(68.27%), z=1

2) lo< Difference < 20(95.45%), z=2

3) 20< Difference < 30(97.33%), z=3
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