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PuOQy(s)+4H* = P4+2Ho
AG = +32.04kT/mol > 0

apply

Pu Fuel Fabrication Facility o _
DlSSOlllthIl of MOX-Fuel in Wet—recovery process___ff__- _:-

"-}'5.::5:'1"reatment of « -contaminated s.'olid'-' astes

Development of Ag( I )-Promoted Dissolution of MOX-Fuel is carried out in order to improve dissolving
Pu0: in nitric acid. The principle of Ag( II )-Promoted Dissoliwtion of MOX-Fucl, presented in Fig.l,
consists in the roaction of Ag** on PuQ2 with the oxidation of Pu{ IV ) on the surface of the oxide in
the plutonyl soluble ions PuOF and PuO3t and in the regenaration of the oxidant Ag®t by clectrolytic
oxidation.

Ag( 11 }-Promoted Dissolution of MOX-Fuel will be applied uot only to mixed oxide fucl serap recovery
process but also decontamination of a-contaminated solid wastes and recovering Pa from ash produced
from incincration of combustible o-contaminated solid wastes.
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Development of Ag( II )-Promoted Dissolution of
MOX-Fuel
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— 0 Condition
]
Eo. 50 b current density ; 82.4mA/cm?
5 e A § anode electrolyte : 0.15mol/l AgNO3;+4mol/1HNO;
- g cathod electrolyte : 4mol/1THNO;
g 30 § temperature : 25degree
208 § PuO,content : 27.4%
£ 10 2 a number of pellets : 75
E 0 a~—@ = ] weightof pellets : 118g
0 1 2.3 5 6
Time (b

PuQ; dissolution rate : 1.0X 10" mg/cm?-min (expermental result)>1.0X 10-Zmg/em?-min l

U0, dissolution rate : 2.7 X 10" mg/em?-min (expermental result)>1.4X 10'2mglcm2-min1] |
1): in boiling 10M-HNO; (ORNL-3695)
2): in 20-c 4M-HNO; (J Appl Chem.,13.32(1963)

Fig.3 I}esults of dissolution examination of MOX pellets
10 : : .
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Fig.4 Results of decontamination examination of
a ~contaminated solid wastes

Results of dissoltion examination of MOX pellets nnder the condition in which Ag** ions cxcessively
oxist,indicate that dissolution rate of PuQs is ten times as fast as that in boiling 10M nitric acid without
Ag*t, and dissolntion rate of UOy is twenty times as fast as that in 20°C — 4M nitrie acid withont Ag®t,
as shown in Fig.3.

Decontamination examinations of stainless stecl, gloves and PVC bags have been carvied out in order
to apply Ag( Il )-Premoted Dissolution of MOX-Fucl to decontamnination of a-contaminated solid wastes
from mixad oxide fuel fabrication facility. It was found that PuQy adhering to the swiface of wastes, had
been dissolved in nitric acid by using Ag{ II ), so that o-contaminated solid wastes were possible to be
cffectively decontaminated as shown in Fig.d.
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Development of g( )-Promoted Dissolution of
0OX-Fuel
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Condition
current density : 82.4mA/cm?
anode electrolyte : 0.15mol/ ¢ AgNQ3+4mol/ ¢ HNO;
cathode electrolyte : 4mol/ ¢ HNO;
i temperature : 25degree
). PuOscontent : 27.4%

a namber of pellets : 75
weight of pellets : 118g

40
30
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[~
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2 3 4
Time (h)

U
PuQ; dissolution rate : 1.0X 10-! mg/cm? min (experimental result)>1.0X 10-2mg/em?- min

2
UO, dissolution rate : 2.7X 10°! mg/cm?- min (experimental result)>1.4X 10-*mgfcm? min

1): in boiling 10M-HNQO; (ORNL-3695)
2): in 20C 4M-HNO; (J.Appl.Chem.,13,32(1963)

Fig.1 Results of dissolution examination of MOX pellets

Ag( II )-Promoted Dissolution of MOX-Fuel, which is the dissolution method of PuQs using Agf{ IT )
gencrated by electrolytic oxidation of silver nitrate as catalyst. As shown in Fig.1, dissolution rate of PuOa
obtained by this method is fon times as fast as the rate in boiling nitric acid.

Development of Ag{ 11 )-Promotad Dissolution of MOX-Fuel is carried out in order to apply this method
to dissolution step of mixed oxide fnel scrap recovery process. Further, this method will be applied to
decontarmination of e-contaminated solid wastes and recovering Pu from ash obtained through incineration
of combustible a-contaminated solid wastes.
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Development of Conversion Technology of Microwave
Heating Direct Denitration Method
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BB EOSEIE, DTORY T, 1) T4 70Nt 0 BABNEESEMOXICERTE S
7o, RESEORMOVESEL , TESEMCEROBEL LR R T, £, KEKEL L
RCATHADRERB L HRWT OERATT, 2) ¥4 7 THEMAIFETH 5 Rk L3y 0 —7 Hy '
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5;'[‘%;’:'3“" nirate  MMicrowave heating Crush Calcination-
denitration apparatus machine Reduction
furnance

T T1

- gl
Storage ) [Measuring E _\_J

vessel pot p——1

Liquid waste ]
treatment

P—U denitrated cake

Process flow of microwave heating direct denitration method.

Plutoninm and nraniwin co-comversion process nsing a microwavae heating direct denitration method has
been developed since 1977. After the evalnation of several co-conversion process, the microwave heating
diroct denitration process was sclected as the best one in 1980, The features of microwave heating dircet
denitration process arc as follows: 1)This procoss is siinple and (e amnount of hgnid waste is sinall. Further,
the amownt of process off-gas is small conparing with that by the flnidized bed process., beeanse no reagent
is neccssary and a mixed solution is convorted divectly to MOX powder by Leating microwave, withont
any complicated system. 2)This process is safe for operation and maintenance,becanse this process mainly
consists of static cquipments and microwave heating apparatus is located ontside of a glove box. 3)MOX
powder convertod by microwave heating direct denitrakion process is suitable for fiel pellet fabrication
becanse of suitable specific surface avea, particle size and sintability. 4) the powder has snch a good
homogonefy betweon plutoninm and nraninm, that platoninw spot in a sintered pellet is small and listle.
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Development of Conversion Technology of Microwave
Heating Direct Denitration Method
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Automatic microwave tuning system.

Advanced technology for MH method.

In a microwave eleetric ficld, mixed solution of pliutonium and uraninm is concen-
trated and denitrated by dielectric logs of materials. This dielectric loss is controlled
by temperature and states of materials. This loss indunees the change of impedance of
a oven. However, the constant impedance of microwave generator causes mismatch
and lowers the microwave heat cfficiency. In order to improve the heab officiency
various apparatuscs have been contrived. Oue of them is the automatic microwave
tuning system,which miuimizes the reflection of microwave from the oven by con-
tinually adjusting the impedance. '

Advanced Fuel Fabrication Process Development Section
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Development of Conversion Technology of Microwave
Heating Direct Denitration Method
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Microwave heating direct denitration behavior Characteristic dielectric loss from MH behavior.

Continuous measurement of temperature |, diclectric characteristics and identifica-

tion of composition of intermediate procduct of heating object during microwave heaf-

ing denitration. They are important for the development of conversion technology

of microwave heating direet denitration method, which converts plutonium/uranyl

nitrate solution to mixed oxide. However continuous measurment is not casy, be-

causc the sensor is interacted with the clectric field of microwave. The passive-type

infrared rays thermometer is developed to measiwre the temperatwre in the clee-

tric field of microwave, thercefore high-temperature proof diclectric characteristics

measuring aparatus is also developed to examine the mechanism of converting plu-

tonium /uranyl nitrate solution to mixed oxide.

Advanced Fuel Fabrication Process Development Scetion
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Development of Granular Powder Manufacturing
Technology by Spray Pyrolysis
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J ogeg [ I'——1—'——|
0000

oooo Introduced into
° o: ° Furnace

Momentary Dry .
& Condenses

Pyrolysls

——— | Granular powder | | I 18 um

The Principles of Spray Pyrolysis ~ Photograph of Cerium oxide Powders

For shortening of fuel fabrication process and improvement in treatment of raw
materials,the granular powder fabrication technology has been developed. Since the
granular powders has large grain size and spherical shape , which show superior flu-
idity, they can reduce powdery scattering and adhesion to cquipment. Furthermore
regulating powdery propertics is casy, cnough to supply powders of high quality.

The above figure shows the schematic diagram of Spray Pyrolysis, which is one of
the processes of manufacturing granular powders. This method is able to produce
powder with spherically larger size than conventional Microwave Heating Denitra-
tion method.

Advanced Fucl Fabrication Process Development Section
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Development of Granular Powder Manufacturing
Technology by Spray Pyrolysis
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I Pyrolysis l
L . B
"
——- | Granular powder |

The Principles of Spray Pyrolysis

For shortening of fucl fabrication process and improving in treatment of raw ma-
terials,the granular powder fabrication technology has been developed. Since the
granular powder have large grain size and sphorical shape , which show superior flu-
idity, they can reduce powdery scattering and adhesion to equipment. Furthermore
regulating powdery propertics is casy, enough to supply powders of high quality.

The above figure shows the schematic diagram of Spray Pyrolysis, which is one
of the processes of manufercturing granular powders. The feasibility study of this
process is being carried out by using the equipment shown in the above photograph.

Advanced Fuel Fabrication Process Development Scction
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Development of Granular Powder Manufacturing
Technology by Spray Pyrolysis
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. . 5um T18um
Microwave Heating Process Spray Pyrolysis Process

Photograph of Cerium Oxide Powders

The granular powder manufacturing technology by spray pyrolysis is now being
developed, using cerium nitrate aqua as cold trial solution of plutonium nitrate solu-
tion. By making the solution sprayed and heated to be fine particles, concentration,
evaporation and denitration of solution are conducted at the same time which lead
us to successful granular powdery production of this solution. Comparing the above
photographs, the spray pyrolysis method is found to produce powder with sphericaly
larger size than conventional MH method.

We have sintered cold trial fuel powder and formed a pellet , which have similar
characteristics to these obtained by conventional process. Furthermore , an exami-
nation using uranium solution was also made and successful results were obtained.
In future, we will carry out examination using plutonium nitrate solution from the
reprocessing plant and try for establishment of this production process.

Advanced Fuel Fabrication Process Development Scction
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Plutonium Liquid Waste Treatment
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Used for Analysis/ ™ | Precipitation Filtration 56X 10
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o (Treated Liquid)
4
|Discharge|
Storage Keoping
Fig.1 Block Flow for Plutonium Liquid Waste Fig.2 Glove Box for Liquid Waste Treatment

Liquid waste containing plutonium produced in the plutonium fucl facility can
be roughly classified into two groups: 1) liquid waste used for analysis in a quality
control process and 2) liquid waste produced from the wet recovery process of the
MOX fucl scraps.

At the liquid waste treatment process, the plutonium liquid waste is jointly treated
with flocculation and precipitation method ( Fe coprecipitation) and the e 2 radioac-
tivity concentration in the treated liquid waste is kept below 5.6 X 1072Bg/mé . The
apparatus for the liquid waste treatment is arranged within the glove box shown in
Fig.2 by which liquid waste of approximately 400€ arc treated on monthly average.
The neutralization precipitate and the Fe co-precipitation containing a very small
amount of plutonium are produced during the treatment,which are stored up after
calcined and canned.

Advanced Fuel Fabrication Process Development Section
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Development of Plutonium Liquid Waste Treatment
Process
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CEEHRIEL ., EAtORBLARORE LA, (H2E8R)

BRI 17 b X B RS
HO
\ "0}
Pu
HO™ \) |
CO-QO

HO
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HO
Pu(OH)«—>Pu*+40H"

Fig.1 Chemical Structure of Pu** Absorbent Fig.2 Test Equipment in Grove Box

The plutonium liquid waste in our facilities is treated with both flocculation and
precipitation method (Fe co-precipitation) and absorption method , and a 8 ra-
dioactivity in the treated liquid waste is kept below 5.6 x 1072B¢/mé. The problem
at hand is the ammounts of by-products from the treatment such as caleined neu-
tralization precipitate Fe co-precipitate and used adsorbent process.

Insoluble Tannin is adopted as a good adsorbent for the process, becaunse the
constituent clements are Oxygen, Carbon and Nitrogen ( Fig.1) and combustion
makes it to be perfect gas such as COy. A preliminary tests gave us the progpect of
practical usage with simple treatment and effective decontamination. (Fig.2)

Advanced Fucl Fabrication Process Development Section
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Development of Plutonium Liquid Waste Treatment
Process
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Fig.2 Pyrolytic Property of Insoluble Tannin

Insoluble Tannin is characterized by perfect gasification through combustion, since it is made from
vegetable Tannin (C,H,0) throngh insolubilizing. The results from the preliminary tests with use of
plutoninm, liguid waste are as follows:

(1) Adsorption cfficiency of Pu is above 99 % , in the range of pH3 ~ 10, and a.(laorptlon guantity of
Pu is about 175 mg per 1g tannin,

(2) Asshown in Fig.1,DF (Decontamination Factor) increases as flow rafe is lower and column is longer.
the o radioactivity concerntration of ontflow Hquid falls below the regulation limit 5.6 x 1072 Bg/mé
nnder the conditions that column is 2m long and flow rate is Sem/fhr.

(3) As shown in Fig.2 it is confirmed that the wsed tannin is completely decomposed to CO» by heating
above about G00°C' .
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Development of Plutonium Liquid Waste Treatment
Process

By = (WEH) KEE7 v =7 ABEREY O AOBREERET 5 L0 OEHENR
REBLABR., 1) EROSEILEREE (Fe £it) RURSEE (BHERK, ¥ L —MH#E) T2
PuDBRERE (DF) LAELEODFAPELNL Z &, 2) TREIERMPFFELZWI L, 3) &
Bildhio TRT L ANE—TRETHY . HAES OLA L OPAEDEPLELVEDORER A
Yy b #HRTET L, M1 ICREROBRBS DA AT DL AR REE L TWET, 481, &
NEES Y EFHELAATARREL . ZOWMERRE . BIEFTHY, FROERLS LR
FEWHET, -y NEEBELET,

BEAES O ARRE

Liguid Waste \{ Tiquid Waste _
Used for Analysis

(7 Liquid Waste Liguid Waste ) (| 1 hv Wi
Collected by Wet Process/  \Used for Analysis *Callected by Wet Process,

Neutealization and Filteatiol

Eutalization and Filtration-

Al 'sorpnon
Inscluble Tannin/;

{Cohesion and Percipitatio

Y

hemaguggcgglg;)smon (Discharge) (Starage Keeping)

Former Liquid Waste Treatment Process FIUWJ _ Existing Liquid Waste Treatment Process Flow

77 Area of Equipment

Fig.1 Comparison of Liquid Waste Treatment Process

1995 | 1996 | 1997 | 1998

Manufacturing and Installation

of Confirmatory Test Equipment |
Confirmatory Test ManuFacturing
Desigh and Premission of Practical }‘;‘gm“aﬁnon
Process Premission

Manufacturing and Installatinon
of Practical Process

Operation(Treatment)

Table-1 Work Schedule

A preliminary conceptual study has been performed on plutonium liquid waste treatment with
insolbule tannin. The results show the following merits: 1} the decontamination factor by treatment
is equivalent to or better than that by the current treatments (flocculation and precipitation method
and adsorption method) , 2) by-products are not produced and 3) this process is a single process
without combination of other processes. Figure 1 shows the comparision between this treatment
and the current ones. Now, we are planning to start a reliability test with the insolbule tannin
filles column for the purpose of designing the practical process in future.
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Recovering Study of Pu— Np for Research
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EREERACETNAND (H2) i, Z0IELALDEAEIC L B E L VEEHEREEHICE
FFLETH, R Do BT ICHMERSE L TvEd, B9EH Pu-Np OEIIL, T HS% <, H
PHEOHENESLLOFEENTE) , FRBERABLE,SHONLITHR PUFE»HOH
PASE SN TVET,

PR ET D ARRESE

Distributed to product streams \

Y

-] U-Purification
15t ‘& 2nd

U nitrate product

Only a trace Np remains JOnly a trace Np remains

High Level -
Ruadioactive Waste

Within Practical
i Raflinate

Less Enviranmenial
s U,Pu,MA

Non-
Proliferation

:Fast .Reactor

Fast Reactor Recycling System Almost quantitatively . -
¢ &) Eccnvered to the raffinate «af}—:Np paths Iuj

Fig.l Concept of Advanced Nuclear Fuel Recycle . . s .
including Pu and Minor Actinide Multi Cycles. Fig. 2 Th;ul\]]ﬁ‘g(EhE;;?;c:ﬁl-fhfen:::e‘;ntmnal

An Advanced Recycle (Fig.1) is a new nuclear fuel recycling concept based on fast breeder
reactor technology in which total actinides, such as UNp,Pu, Am and Cm, are effectively burnt
and used for energy production with minimunm generation of wastes bearing them. A neccessity
of the development of this technology is explicitly declared in 'the developments of advanced of
Nuclear fuel Recycling Technology’ in an article of a long-term program for Research, Development
and Utilization of Nuclear Energy by Atomic Energy Commission in june 1994, PNC has studied
to recover Pu-Np for research of characteristics and irradiation test of Pu-Np containing MOX fuel.

A small amount Np are included in a reprocessed Pu nitrate solution as an q-emittes impurity,
however almost Np are distributed to the high active Hquid wastes in the reprocessing stream
(Fig.2). PNC has a plan that will recover the Pu-Np from the Pu nitrate solution because the I'u
nitrate solution product have little impurities and is not comparatively hard the handling,.
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Recovering Study of Pu— Np for Research

HEMTIEHLVELFOBBREY A2V ELT, U Puidd 55 A Np, Am, Cm EDT A+ —
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ELTRIA LTV, BRI 4270 (K1) ofERAZzEBL TwEs, JhidRHO
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T, TRIZETIEHETHY £,

FOEWAFEE LT, U fio PuDBTHLES IV 6 Np DEFEREEEL . /14 5zl
AEENAFEERE LTwET, 20ER. #& Np A PuFR (Np / Pu=001) #5.
Np / Pu = 0.45 IS8 S N TEEE Pu-Np B ENTHETH L 2R LE LA (H2). &
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1

Reprocessing
Pu nitrate produc

Witiln Practicel

Proliferation

g, Np 0.2g
Np/Pu=0,001

Fast Reactor
(Pu(IV) 20g/0, Np{n) 9g/ £} : 0.2/ ¢ Iday

Fast Reactor Recycling System Pudgiday , Nel Syiday

Np reovery 905% (Pu(IV)d9g/ ¢ ,Np 0.05g/ £): 4 £ /day
Fig.1 Concept of Advanced Nuclear Fuel Recycle Pu l%gl{ld%'gup [?{ﬁg,dny
including Pu and Minor Actinide Multi Cycles. \_ s )

Fig.2 Recovery of research Np from the reprocessing
Pu nitrate
(HAN:Hydroxylamine , HDZ:Hydrazine)

An Advanced Recycle (Fig.l) is a now nncloar fnel recycling concept based on fast breedor reactor
technology in which all actinides, such as U,Np,Pn,Am and Cm, are offectively burnt and nsed for encrgy
production with miniranm generation of wastes. A necessity of the development of this technology is
explicitly declared in "the developments of advanced Nuclear fuel Recycling Technology’ in an article of
a long-term program for Research, Development and Utilization of Nuclear Encrgy by Atomic Encrgy
Comimnission in junc 1994. PNC has studied on the recovery of the P'u-Np which is used for measurement
of plysical properties of MOX fucl contained Np and frradiation test in the first stage for the developments
of the Advanced Reeycele and has a plan of recovering the Pu-Np from the Pn nifrate solution in the nrclear
fuel reprocessing.

This study confirmed that only cocxisted Pu( III ) does accomplish the valence adjnstment of Np( IV
) in a nitiric acid solntion. As a vesult of this adjustment, Np concontrated Pn-Np nitrate solution from
'u nitrate solution containing small amount of Np has well succecded {Fig.2). This process is very simple
and achicves the minimivation of waste genoration, because used reducing agents snele as hydroxylamine
nitrate and hydrazine,is decomposed and impurities do not remain in an used any solution.
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Recovering Study of Pu— Np for Research
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)
Pu nitrate produg

(Pu200g /€ ,Np2g/.¢): 18 /day
Np/Pu=0.01

Pu(lli) 196g , Np 0.2g
Np/Pu=0.001

a few min

Absorptivity

(PuEV) 20g/ , Np(v) 9g/ £ }1 0.2/ ¢ /day

Np & Pu(Ill)
982nm Mmixed Fa MnglP’uzpo.l‘igyday FudV} nitric actd
Np rcovery 90% {Pu@V)49g/{ ,Np0.05g/¢ }:4¢€ /day
Np(V) Pu 196g/day , Np 0.2g/ day
\ Np/Pu=0.041 J
400 600 800 1000 1200 Fig.2 Recovery of research Np £ the reprocessing
Ig. Ty P Irom Pr T,
Wavelength / nm Pu nitrate

Fig, 1 The absorption spectra of Np &
Pu ions for Np reducting by Pu(IIl)
in the nitrate solution. The Pu(lll)
was prepared by hydroxylamine
nitrate and hydrazine.

(HAN:Hydroxylamine , HDZ:Hydrazine)

For the first step of an Advanced recycle study, experiments have been carried out on the
concentration of Np in the reprocessed ’u nitrate solution. The Np element has IV, V and VI
valences in acid solution arid, therefore the behaviors are complex. Conventionally, a concentration
of each actinide elements is controlled by the extraction or the ion exchange, in which the valence
adjustment that is a key point of their technique.

This study confirmed that only coexisted u( III ) does accomplish the valence adjustment of
Np( IV ) in a nitiric acid solution (Fig.1). As a result of this adjustment, recovery of the Np
concentrated nitrate solution (Np/Pu=0.45) from a Pu nitrate solution (Np/Pu=0.01) (Fig.2).
The Pu{ ITI ) was prepared with use of hydroxylamine nitrate and hydrazine which is decomposed.
Accordingly, the recovery process is expected to be very simple without impurilities left in the used
solution and to achieve the minimization of waste generation.
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TRUEX EIC & % Am-241 B OBRR

Recovery Studies of Am-241 from Nitric Acid Solution by
the TRUEX Solvent Extraction Process

S EOREIAELT £ 2 VERRHRO—]LE LT, Am-241 ¥ BHERBERAROBERER L LTHE
T570, MOX#EA Y5y 7O PUREX LA Pu BTN U OEBEIZM> TRET HHE
BERICE TS Am-241 O TRUEX BIC L 2 MIEHHOMEZT> TwE T,

REZ OB Z T 57720, 1995 FE0 6 1996 F£ i) TRERFEORE EFITHEE2TVE
7ro BMEBBREBRHEO IO —F [/ ¥5 5 L TRIZRLET,

ZOMBRBAFHOEEL B LT, DIEHROBERIRD 5AA, HIE {EREHEL Am-241 O
g SHFESEHLLET.

PBEET 0L ARRE

2 {Solvent clean]i:
: up soln.:

Separanon and
Recovery: process
of Am by Truex

|- [ Concentration Ammonium soln

. Co-precipitation and filtration f=——
{Am(OH),
| Pu(OH), or (NH,),U,0,

PUREX and TRUEX Process flow diagram for extraction of Am-241 from nitric acid solution(raftinate)

We have been developping the recovory technique of Amn-241 from nitric acid solntion by the TRUEX
solvent extraction process as a part of advanced nuclear fucl cycle technology. Now, for the purposc of
irradiation tests of Am-241, we are planning to recover Am-241 from the raffinate which was produced
through the wet recovery process of plutoninn and nraninm from the MOX fuel serap by PUREX method.

In 1995 ~ 1996 , we have constrncted and cynipped the test equipment for the recovery stndy. The flow
diagramn is shown in the above fignre, we will cstablish not only the development of recovery techniques
but alse the development of reduction technique of radiation exposwre and the stndy of pliysical propertics
and analysis of Am-241 to be carried ont throngh the operation of this cquipment
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Development of Remote Handling Tools for Glove Box
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Remote handling tools for glove box

For the purpose of development of advanced nuclear fuel recycling technology, we are planning to recover

. Am-241 from MOX fuel secrap by TRUEX

process. To carry out this examination, reduction of exposure

from Am-241 is one of the important subjects. To solve this problem fundamentally, we have been develop-
ping many joints type remote handling tools for glove box and manufactured a trial machine. It possesses

the following characteristics:

(1) This tool has 7 degree of freedams, and has wide working area.

(2) Only the hand part is contaminated by the radioactive materials, so the maintenance is casy.

(3) The part of hand is easily separated from the port and installed to other glove port.

{4¢) The nail part can be changed so as

to conform to shape of operation object.

{5) Both manual operation remote control and antomatic remote control are possible.

Advanced Fuel Fabrication Process Development Section



