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According to the Atomic Energy Long-Term Program revised by the Japan 
Atomic Commission in 1987, PNC has started R&D on MLIS since 1988. The 
main target of our program is to attain a high enrichment factor under engineering 
conditions that has been already achieved under experimental conditions by the 
Institute of Physical and Chemical Research. 

The test facility for enrichment tests under engineering conditions which 
consists of 100Hz laser systems at 16|Xm and a UF6 handling system has been 
developed and several tens of tests have been successfully carried out. 
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1. INTRODUCTION 

Some uranium enrichment methods using lasers, which arc more efficient than 

conventional commercialized techniques, have been actively investigated during the past 20 

years in several countries. Enrichment costs using lasers could be lower than those of 

conventional methods because these methods can enrich natural uranium to nuclear reactor 

grade in a single enrichment stage. 

One of these methods, the molecular laser isotope separation process (MLIS) is based on 

the isotope-selective photodissociation of gaseous UF6 to solid UFs, which can be removed 

from the gas flow by separators. 

The MLIS process can be divided into three main areas: 
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• Cooling of UF6 molecules mixed with carrier gases in supersonic nozzle expansion. 

• Selective excitation and dissociation of UF6 by laser radiation at 16 )J.m. 

0 Polymerization of UF5 molecules to UF5 particles and removal of UFs fine particles 

from the UF6 gas. 

From the standpoint of commercialization, ML1S has the great advantage that the feed 

material, UF6, is used in the current nuclear fuel cycle. Thus, wc have been developing this 

enrichment method. 

In Japan, the Institute of Physical and Chemical Research (ICPR) initiated the basic 

research on this process in 1982. According to the Atomic Energy Long-Term Program 

revised by the Japan Atomic Energy Commission (JAEC) in 1987, the Power Reactor and 

Nuclear Fuel Development Corporation (PNC) has been involved in the R&D in cooperation 

with IPCR and several industrial partners since 1988. This R&D includes the design and 

construction of a test facility for enrichment tests under engineering conditions as well as the 

basic technology development for the scientific and technical understanding of this process. 

This facility that consists of laser systems at 16ji.m and a UF6 handling system was 

completed at PNC Tokai-Works in 1990. The enrichment test was started in 1991 and 

recently, high isotopic selectivity has been demonstrated. In this presentation, the current 

status of PNC's MLIS program will be discussed. 

2. DEVELOPMENT OF SUPERSONIC NOZZLES 

Wc developed a supersonic nozzle that can cool the UF6 gas to low temperature (less than 

100K) during supersonic expansion without condensation. Moreover, the UF6 concentration 

in the supercooling area has to be high enough for commercialization. 

However, wc have to optimize a number of parameters such as nozzle shape, carrier gas, 

mixing ratio of UF6 and carrier gas and inlet pressure for the development of supersonic 

nozzles. Thus, wc first established rapid and reliable diagnostics methods of the 

characteristics of supersonic nozzles that arc based on high resolution infrared spectroscopy 

in the V3 Q-branch region of UF6 using tunable diode lasers. 

The UF6 rotational temperature is estimated by comparing the shape of the observed 

absorption spectrum of the V3 Q-branch (Fig.l) to the calculated spectrum (Fig.2). 

The UF6 vibrational temperature is estimated by comparing the absorption ratio of the hot 

Q-branch and the fundamental Q-branch (Fig.3) to the calculated value based on MaxwcII-

Boltzman statistics. 
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The UF6 condensation is estimated by the saturation of the V3 Q-branch absorption as well 

as the light scattering method using an Argon-Ion laser. 

We already succeeded in the development of the laval nozzle which can cool UF6 to less 

than 60K without condensation (Fig.4) and further, we have been improving the 

characteristics of the nozzle by using these diagnostics methods. 

3. ENRICHMENT EXPERIMENT IN SUPERSONIC FREE JETS OF UFe WITH A 

MPI/TOFMS 

Optimization of laser radiation parameters is extremely important in order to achieve a 

high enrichment factor. However, there are many parameters which include number of 

wavelengths, wavelength, bandwidth, frequency stability, delays, pulse shape and polarization. 

Besides there is no model which exactly simulates the UF6 multiphoton excitation exactly. 

One has to optimize these parameters by making a large number of enrichment experiments. 

However, it is very inefficient to investigate these optimum values by using the test facility 

because of its large consumption time. 

We have established an efficient experimental method that is based on enrichment 

experiments in supersonic free jets followed by multiphoton ionization timc-of -flight mass 

spectroscopy (MPI/TOFMS) of photodissociatcd UF5. As shown in Fig.5 and Fig.6, 16|Xm 

laser pulses are focused into a pulsed free jet of UFe diluted with carrier gas, and UF6 is 

photodissociatcd to UFs. UFs is selectively multiphotoionized at the second harmonic 

frequency (A,=532nm) from a Nd:YAG laser into various ions, mainly U2+. These ions arc 

accelerated in the electric field and reach the detector, multichanncl-photomultiplicr (MCP). 

For each radiation, the TOFMS spectra, the radiation energies and the delays arc recorded 

using digital storage oscilloscopes and then stored in a computer. 

Since the enrichment factor can be estimated by averaging 1000 individual spectra, wc can 

acquire the experimental results in a short time. The promising combinations of the laser 

radiation parameters resulting from these experiments arc tried in the enrichment tests using 

the test facility and the cut, 6, as well as enrichment factor, a, are then estimated. 

Although these experiments were just started, we have aircady achieved an enrichment 

factor high enough to produce the nuclear fuel. Hereafter, wc will actively carry out the 

enrichment experiments in supersonic free jets to optimize the laser radiation parameters. 

4. ENRICHMENT TESTS USING THE TEST FACILITY 

The test facility for enrichment tests under engineering conditions, whiclt consists of laser 
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systems at 16|im (Fig.7) and a UF6 handling system (Fig.8), was completed at the PNC 

Tokai-Works in 1990. 

The laser systems comprise two line-tunable TEA CO2 laser chains, one continuous-

tunable TEMA CO2 laser chain and two multiple pass cells filled with para-hydrogen gas to 

convert the CO2 laser radiation to 16 |J.m by Raman scattering. The typical linc-tuncd 16 Jim 

pulse energy is about 600mJ and can be delivered stably. A weak TEMA CO2 laser pulse is 

also converted by Raman scattering with four-wave mixing and its continuously tuned 16(im 

pulse energy is about 40mJ. 

The handling system is a closed loop apparatus mainly comprising four sets of three roots 

pumps, supersonic laval nozzles (a 10 cm wide continuous flow nozzle and a 25 cm wide 

pulsed flow nozzle with piezoelectric drivers (Fig.9)) and two sets of UFs separators. Its 

throughputs arc several kilograms of UF6 per hour. 

The enrichment test was started in 1991. First a scries of tests have been done using two 

linc-tuncd 16jJ.m laser beams and several tens of milligrams of enriched UFs powder has 

been recovered by the low pressure multi-nozzle impactor (Fig.10). 

Recently, wc started the second stage enrichment tests using the continuously tunable 

TEMA CO2 laser chain as well as two linc-tunablc TEA CO2 laser chains. Even though only 

several tests have been carried out, wc have already confirmed an increase in selectivity. 

5. FUTURE WORK 

The evaluation of the uranium enrichment technologies, MLIS as well as AVLIS (Atomic 

Vapor Laser Isotope Separation) and GCP (Gas Centrifuge Process), is to be made around the 

year 2000 by JAEC. 

Wc believe that the technologies and the description of the test facility presented in this 

paper enable us to optimize various parameters and achieve a high enough (X and 6 for 

commercialization till the C&R. 
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Fig. 1 Observed absorption spectrum of the v, Q-branch of 238UFfi. 
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Fig. 2 Simulated absorption spectrum of the v 3 Q-branch of 238UF6 
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Fig. 3 Diode laser absorption scan in the v 3 Q-branch region. 
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Fig. 4 Diode laser absorption scan in the v 3 Q-branch region of UF6 

in the nozzle expansion. 
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Fig. 5 Schematic diagram of enrichment experiments in supersonic 
free jets of UF6 with a MPI/TOFMS. 
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Fig. 6 Schematic diagram of MPI/TOFMS. 

Fig. 7 16u.m laser systems. 
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Fig. 8 UF6 handling system. 

Fig. 9 Supersonic pulsed flow nozzle with a 25cm wide slit. 
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Fig. 10 Enriched UF5 powder recovered by the low pressure multi-nozzle impactor. 
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