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1. Introduction

As a research related to the development program of

VHTR in JAERI, process studies have been carrxed out on

head-end step in the fuel reprocessing. The VHTR is planned

to use TRISO-coated low enriched U02 particles embedded

in graphite matrix in the form of hollow cylinder called

"fuel compact". The compacts are encased in graphite sleeve

to make fuel rod, and then the rods are fabricated into

prismatic fuel block. For this "pin-in-block" type fuel,

the modified Purex process would be essentially adaptable

except for the head-end treatment. Although the development

of the head-end process has extensively been made in USA

and FR of Germany on the process of "(Crush)-Burn-Gxind-

(Reburn)-Leach", various technical problems still remain

there relating to the handling of a large volume of graphite

containing 11+C and highly radioactive powders, and to the

treatment of ths associated off-gas and solid wastes.
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For the purpose of solving such problems, an advanced
(4)

head-end process was proposed for the "pin-in-block" type

fuel and its evaluation studies have been conducted.

This paper summarizes some of important results obtained

and describes the flowsheet comparison with the conventional

one ( "B-urn-Grind-L-each process" ).

2. Advanced head-end process

The fuel rod of the VHTR fuel is designed to be removed

from graphite block.

This proposed process consists of the following steps.

(1) removal of fuel rod from graphite block,

(2) burn of fuel rod involving fuel compact with C0 2 gas,

without crushing of fuel rod,

(3) decomposition of CO gas formed into solid carbon and

C0 2 gas in order to recover l^C-containing carbon

and to recycle C 0 2 gas,

(4) decladding of SiC coating from burned coated fuel

particles by jet grinding,

(5) reburn like "Voloxidation" ' of decladded coated

particles,

(6) off-gas treatment for the above steps.

This process concept was framed with the view to mini-

mize the volume of * "*C-containing graphite waste and to

reduce steps of mechanical operation as far as possible.

The burn of graphite with C0 2 gas is. expressed by the

following equation which is endothermic reaction.

C 4- C0 2 -*• 2C0 (/XG.°2?j .= -12.3 kcal/mol) (X).

To keep high reaction rate under lower temperature than 1000°C,

some catalyst is necessary. The decomposition of CO gas

which is expressed by the reverse direction in the equation

(1), also needs catalyst. By the application of these reactions,
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the volume of uC-waste will be reduced by a factor more

than 10 compared with the conventional process.

The jet grind method of SiC, which- had been studied
( 8 )

in Idaho National Engineering Laboratory of USA, is

expected to mitigate maintenance problem that is significant

in th roll grind method, and to separate fuel kernel from

the decladded SiC in the same fluidized bed.

3. Experimentals

3.1 Graphite-burn with C0 2 gas

(1) Selection of catalyst and gasification characteristic

in boat-scale experiments

In order to find suitable catalyst which is effective

for gasification below 1000°C, screening experiments were

conducted in a boat-scale. A mixed catalyst of Co and Na

was found to be very effective in the gasification as shown
(9 )

in Fig. 2. These catalyst elements were added into the

fuel compact or fuel rod by impregnating with the nitrate

solution, followed by denitration. An example of gasification

profile at 850°C is shown in Fig. 2, which expresses that

carbon of fuel compact and, even of PyC coating, was rapidly

gasified.

Proposed gasification conditions and empirical equation

of the gasification rate are summarized in Table 1. Depend-

ences of the rate on CO concentration and temperature are

found to be small.

(2) Gasification behavior in bench-scale experiments

In order to prove the process feasibility and to find

technical problems, gasification behavior of graphite with

the selected catalyst was studied in bench-scale equipments,

i.e., a fixed bed of 130 mm ID and a fluidized bed of 38 mm ID.

In the fixed bed, cylindrical graphite specimens of

15 mm OD and 25 mm H were gasified around 850 °C by 1 kg-C/batch.
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Gasification yield over 85% was obtained, but its gasification

rate was controlled by heat-supply rate.

In the experiments with the fluidized bed, graphite gra-

nules prepared by crushing graphite sleeve were gasified

at 750 to 800°C by loading 180 g-C/batch. Fig. 3 shows an

example of the gasification profile and the entrainment be-

havior of graphite fines. Gasification rate per reactor

cross-section were found to be similar values to those in

the conventional 02-burn. However, entrainment of graphite

fines was found to be significant in this reactor.

These resutls indicate that development of suitable

reactor with the high ability of heat-supply is a key subject

to show the technical feasibility of the proposed process

concept.

3.2 Catalytic decomposition of CO gas

(1) Catalyst selection and reaction characteristics in boat-

scale experiments

Catalyst screening were conducted with a vertical quarz

tube reactor of 25 mm OD and the resutls are summarized in

Fig. 4. Sintered iron oxide was found to show higher and

more stable catalyst activities than cobalt catalysts under

the presence of small amount of promoter gases as H2 and H 20.

Optimum decomposition conditions and empirical decomposition

rate equation are summarized in Table 2. One feature of

the reaction is existence of a threshold CO concentration

over which the rate is significantly reduced.

(2) Decomposition behavior in a fluidized bed

Catalytic decomposition of carbon monoxide was batchwise

conducted around 500°C in a fluidized bed of 50 mm OD, using

the selected iron oxide catalyst (15 to 25 g ) . Fig. 5 shows

an example of the decomposition behavior. Decomposition

rate close to the estimated value by the equation in Table 2
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and high catalyst capacity larger than 70 g-C/g-Fe were observed.

No sintering or caking in the reactor were experienced, but

the removal of decomposed carbon from the catalyst was'diffi-

cult in all the experiments.

3.3 Other steps

(1) SiC decladding by jet grind

Decladding experiments of SiC coating were conducted

in a jet grinder of fluidized bed type (42 mm OD) with four

jet nozzles, in order to show the applicability of this method

to the coated particles of U02 kernel and to obtain kinetic

data for jet grinder design.

Rapid removal of SiC coatings and their effective in-

situ elutriation from fuel kernel were performed. Fig. 6

represents some examples of grinding profiles, which are

expressed as changes of undecladded weight fraction rela-

tive to initial coated particles weight (1-F) with square

of grinding time t2(min2). The grind rate are summarized

in the following equations.

ln(l - F) = -Kt2 (2)

K = a • mp • (^) 2 djj • E~2 [exp(0.6 Po) ] <j> (l/h) -- (3)

where, K = a kind of rate constant (min~2) calculated from

the gradient in the plot of Fig. 6, m = initial weight of

single coated particle (g), n = number of jet nozzle (-),

Wo = inventory of coated particles (g) , d̂ . = jet nozzle dia-

meter (cm), Po = jet gas pressure (K f/cm
2G) and 4>(£/L) =

an empirical function of nozzle to impact rod distance £

relative to jet length L. If the function 0(£/L) is norma-

lized to unity at an optimum (l/L) value, the constant a

is calculated to be 7 x 1021[inin~2l in the experiment.
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The grind operation was observed to be very simple and

stable. Dimensional change of impact rod (SUS-304) due to

erosion was not observed after the decladding of 4 kg coated

fuel particle in total.

(2) Raburning

Studies related to this step were not conducted with

the spherical U02 kernel, since process studies for LWR fuel

have been conducted in a separate program of environmental

safety research for LWR fuel.

Fig. 7 shows a 3H-release behavior in the oxidation

of slightly irradiated LWR fuel at 480°C with a rotary-kiln

voloxidizer (200 nun ID). Tritium is released with progress

of U02 oxidation, which is found to follow the constant flux

model. Decontamination factors of 3H from the fuel observed

were over 10 3 .

4. Comparison of process characteristics

Although the present studies are in the early phase

of development, a comparison of the process flowsheet with

the conventional head-end process was tried, in order to

make clear the characteristics and to summarize the technical

problems.

In the comparison with the LWR fuel reprocessing, the

resits summarised in Table 3 show that noticeable technical

difficulties lie in both head-end processes of HTR fuel.

This is mainly due to the fuel design of graphite-coated

particle fuel type. As the result, the requirements of plant

maintenance and safety handling of radioactive powder become

much severe in the development of these head-end process.

However, the advanced process which was proposed by JAERI for

the case that the fuel rod can be removed from the graphite

block, is expected to improve such problems as mechnical
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complexity due to crushing and generation of waste, although

chemical complexity due to catalyst use and complex off-gas

treatment is involved. There is not so much difference

predicted in such items as plant and environmental safety,

safeguardability and fuel recovery. Removability of fuel

rod will be subject to the change of fuel design.

The technical problems in the respective steps are as

follows;

for CO2-burn of graphite,

1) development of advanced gasification reactor with

the ability of high heat supply, .. .

2) hot process demonstration with irradiated fuel rod,

for CO decomposition,

1) effect of fission products on catalyst activity,

2) development of effective decomposition reactor suitable

for handling of large volume of decomposed 'carbon,

for SiC jet grinding,

1) hot process demonstration with irradiated particle fuels,

2) development "of continuous jet grinder,

for reburning,

1) hot process demonstration with irradiated fuel,

2) development of treatment process of volatile fission

products.

5. Conclusion

The process principles of major steps in the proposed

head-end flowsheet were experimentally shown. For the graphite-

burn with CO 2 gas, an active catalyst of mixed Co-Na was

found to promote the burning of graphite at 850 °C. Bench

sclae experiments in a fixed bed and fluidized-bed show that

the development of advanced reactor with high heat supply

is the most important problem. For the decomposition of

CO gas, an iron oxide was selected as an effective catalyst
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and the optimum temperature was found to be 500°C under the

addition of 3 vol % H 20 or H 2 to the CO gas. For the SiC jet

grind, this method could be successfully applied to the removal

of SiC coating in a fluidized. Effects of process parameters

were clarified on the jet grind rate and an empirical grinidng

rate equation was proposed. For the reburn step, the Voloxida-.

tion process is considered to be adaptable to the VHTR fuel

reprocessing.

The experimental results show that process principles

of the proposed concept are essentially feasible. However

many technical problems should be solved before the concept

become acceptable in the view-point of engineering.
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Table I Summarized characteristics of catalytic gasification of
graphite with ccrbon dioxide

1I) Gasification conditions proposed :
Catalyst : Mixed catalyst of Co-Na ((Co/Na)ratio>O.O with the

concentration higher than 300 ppm (Co basis) in graphite

Temperature (T) •' above 850 "C
CO concentrotion (Cco2) '• higher concentration is favorable (ta be

determined by recycie system design )

(2) Gasification rote of fuel compact (Rg)

R«=K0 {mHCco / 2 5 exp {-12 /RT)

where, m : inventory of graphite (g)
Ko "• opparent rate constant , 90 (\ / hr)
R '- gas constant (kcal /mole K)

Table 2 Summarized characteristics of catalytic CO decomposition

{ I ) Decomposition conditions proposed :
Catalyst : Sintered iron oxide (-50+80 mesh)
Temperature : 500 8C
Promoter gas : H2 or H2O with the concentration of

3 vol. % in feed CO

t2) Decomposition rote (R<j) at the above conditions :

Rd " 4 5 (Ceo"0.25) / U01 (g-c/g-cat-hr)

where ; Ceo : C O concentration (mole fraction)
U • molar basis space velocity ( 1 / h r )

Table i Comparison of head-end processes for HTR fut»l reprocessing

" • -—..Proposed process
Items ~——-——________

Process complexity, mechanical
chemical

Maintenance

Safety, environmental
tn-plant

Fuel recovery

Volume of waste

Operating cost

Sensitivity to fuel design change
-Safeguardablllty
.. Development status

Advanced flow sheet
(JAERI)

+

0

?
-

—

Conventional flow sheet
(USA, FR of Germany)

—

+

0
—

—

0
•

-

Note: Evaluated through the comparison with the current head-end technologies for
LWR fuel reprocessing as follows,

0 Base case (same as LWR fuel), - Disadvantage (to LWR fuel) or development needed,
• Advantage (ta LWR fuel) 7 unknown.

3 5 3
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