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Results & Discussion

 Tungsten is useful as a PFM.(high melting point, high thermal 
conductivity)

 When absorbing neutrons, tungsten changes to rhenium after beta 
decay.

 In order to safely operate the fusion reactor, it is necessary to 
evaluate the neutron irradiation dose.

Background

Purpose Conclusion
 Detection of trace amount of rhenium in tungsten by LIBS

-Neutron irradiation dose is evaluated from the 
composition ratio of rhenium in tungsten.

 In situ diagnostic method  using CF-LIBS is suitable for the environment like fusion reactor.
 Detecting trace amount of rhenium in tungsten was achieved by CF-LIBS method.
 Improvement of accuracy and sensitivity and investigation of detection limit are necessary.
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Fig.1. Reaction chains of 186W[1].

Table1.  Power-plant transmutation response summary for W[2].

 The neutron irradiation dose can be estimated from trace rhenium in tungsten

Experimental

 Nd:YAG laser is used for generating plasma.
 Emitted light is transmitted by fiber optic cable and 

observed through the spectrometer.

 To remove continuous spectra, 
the gated detector is used.

 In our Experiments, gate width is 
2μs, and gate delay is 200ns.

Fig.2. Experimental set up

Fig.4. Streak camera image

Observed spectra Re concentration measurement 

SEM & EDS

 No difference in composition ratio was 
observed between the laser irradiated 
part and the non-irradiated part.
 the composition ratio of the sample 

and the generated plasma is equal.
 Each peak well matches the NIST database.

Fig.7. SEM image & EDS analysis

Fig.6. Boltzmann plot (left W-10%Re, right W-1%Re)

Fig.5. Observed spectra (W-1%Re alloy) and peaks from database[4].

 Dividing the data acquisition into several 
times may affect the data variation.

 Improvement of accuracy and investigation 
of detection limit are necessary

Set up CF-LIBS method Continuous spectra removal

 The line slope corresponds to the Te.
 F factor is determined by normalization 

of concentration.
 Drawing calibration curve for each 

concentration is not necessary.

Iλ
ki:ideal intensity

Iλ
ki: measured intensity

F:experimental parameter
λ:wavelength
Ns: density

Cs: consentration
Aki: transition probability
gk: k level statistcal weight
KB:Boltzmann constant
T: plasma temperature
Us T :partition function

qs: intercept

Fig.3. Example of Boltzmann plot[3].

Table4.  Result of CF-LIBS & EDS

target

Table2.  Peak information[4][5].
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Table3.  Result of CF-LIBS
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