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Development of Nuclear Fuel

Improvement of Reconversion Process for Nuclear Fuel

T 4 B

A

7]

S}
-1

BN s .

._,ll.rlll il e o Pm,wwﬁﬂ.m..hm.n%,-:, . i
LY

% .

®\ ~ = O



7 H X

REZME RE BT

A BIME "HRE BRE TE &E AR AY 190FE iR RaAR
R HIT

1991. 7.

T
A F Y AR [ W&

A A RN, &MEEE, FNEK, SRR, MWBR, WHEEA,
gillsy, FR—, BOUE, S8, SR, HERE,
kiR, WES, HhNEH, KRS, MNEE, M2

2 ¥ 3 F 0 Y dEFY
NE: & B W






I. ¥
fihE B TR FE R

II. s ER W EEH

AfRe HRS BA 2 KF7 &8 ¥HI8E ZENSE 28 ¥
58 4 AT B 2 BENE RBiire] 39 W &kl ALew, o Lobrt
=0l AUIC TiES EUE RE %R WE WEd 7IE€ nss
ol Tk,

[1I. #HRAE W fE

1. ey ERe 3 s A (87'90)
7F. FEbw AR IR
1) 242 00 R A28 N B B4 (1008-00./¢) & 9 7
= 29
7b) Al el HEpk
- WEE F Rkl 3% HEY IE B

L) At dirty scrap XElE AT R &7 BEE.

— 111 —



Lh B TR O
1) BHETE (1008-00./¢) &40 uld THE B R U KE B
EEEd
2) B Hiy TELE AT U0 K BE ™ o8
3) HEX IR ERs AT B 3.

T}, BB TR oiFE
1) UFs A&l uwie FE, &Esol ¥ =w AR
2) HERFR PiLE AT KE R
3) UFs tails [EHX T# B
4) BIRER Bdn 3 Ny
V) W71s HIEA MR BGE.

gh, f2hE % f7hed E
1) 83 9 ARY FHANA Hi=Ee Febed @ T 3 R %
& Ald %
2) B4 B IE #Y W A8 Ad dA
3) ¥z W BHWME TiEoA HEs wnEE XHe) 7s N,

2. ERMH NPY BWRE Az i & ('90~91)

7t BRI 6d.0, £E A=

v —



1) % B

: 57 TR
2) W BR B,

vh, Al =38 AUC, U0 ¥R W Hafksse Bof
1) Al =% 5& 5%

4) BE] BFE AT

pal

3) R S48 A

ch AUC 2 ¥ U0 7HA) Aol we BY A7
1) HEgftol whe 10 AERE

&) EEHR 3.

2},

=4 B B BEA B B

1) EE =49 HiEel &t 7Gm AAL
IV, #ER 3 FH e #i&

1. B/ B8 T oE fA

b Sebe MW TR

il

1) population & dispersion model o 2% WFE MAE HFH T
L= -1y

2) MEE B S 2L A% 2 1 A)A" s
3) SLElE A i W R R B89

+ 2% 27 BHR/IEEE 3 R A3
4) BHFE LBH HEA 9% 2k B8Y #FEX Y
3) L-wEmRibol 2Tt 2hE Bl A FE &Y.



Lh, R TR O
1) B8 ER 3 E

- AUC feeding system : vibration type — pinch valve
e 7} wAREE ¢ cone type — cartridge type
) AUC slurry #%:% Al&H &
« pump - I 7kA ARE-
3) AUC/UO. ¥R R¥E 78
.+ AUC ¥l EkA2{L mechanism T+

. Hg-porosimetry < SEM o8 R U0, 9 %tk BHE ;
tapped density ¢t particle density

- Rl Rt BT BX g5

4) WE) FE 8

+ AUC/UD,/U0. #¥y=xol B3 FEHL ik #93 ;
Unes Unb, U & AT 7S
00, ¥ Group "A" & < - EiE TE 7ls48 &<

- EMR TR ot BH #E
RTD, FEHROZ FE AFE BAE T HRATLRE FiE oF

Ch B TR iE
1) UFs f+w, WEsol &3 #ifr 7
- UFs RAtzs AA B olF system [dH#
2) Slab type AUC 7 A A, )2
- IKDER] FiE 8
- AUC vEutE A

e W]



3) UFs cylinder & ¥¥ tail @
- tail [E T JY U &8 T #ME
400=/d 712+ 5B 1B1% vhE2is.
4) Al-%3% AUC Az
- B =8 R ik e
- E23® Al =7] ¢ 0.170.2 um
- = WX 1o %.

2k, Felw W HE WHE FIK
1) T Bl E FH Febw [
i« ADU & [Hik 5 Lagoon &8 H|7)
(R R BEY F Sehwe #E ¢ 10~ 20ppm)
e ¢ U0 ANHE = [EH % &R BT 4 i TRELE
wE) (25 M H7le ¢ F2hw $x ¢ 1~2ppm)
2) =4 Bl IE FR#
- BB R R Eas NaF B [EI
(B2 32 & %% : 98 g-F/1 - 10 g-F/1, 90 %33)
- NaF [ElHy % 727 eplRs 5ad] &% #® [EHR)
J) EEM®rs mHE iy FEE
- HioghE FiRE TR i
- Aol T EEnIREE 3l BHEA (B8H).

2. BMMA WRE YR Az 7l N
7t B G6d.0; & AlX

— V]



1) i BR B 6d:0; ol B 71e KA EAL
2) 1 pm o138} IKFE Gd.0s A= 23 B
J) 7% 7t=tlw bewel #R /Kt 8 ¢
1200 °C oA #EeatEE B (cubic — monoclinic).
L. Al =% AUC, U0, #EK % BHEE A
1) Al =% XK ;

« AUC A=A, 80 %
» V02 AZA], 80 %
2) Al K9] hE A A
J) o Al =< U0 & B 424, &4 58 +%
(24 2L, 7% 27], HERAAX F)
« Rl RYS &5 U0 Wt 7AL

ct. AUC 2 F-E) U0, 7}2] A 3ol uls YiEifss
1) 2719014 AUC —U0. o B REFA] Ty o] €44 ;
AUC — A-U0; —» a-U0; = a -Us0e = Uds = U0z = UO:
2) & # Bfeol ulE HEa#R A A
AUC — A-UO; : Nucleation-growth model
a-U0; = a-Us0s : Nucleation-growth model

a-Us0s = UQ. : N-order model.

— Viii —



Zt, =4 BN 3 BEH X B
1) 88 2 X =4 HEME S FHHC 33 Tt 89 1 ]EE TE
A A,

A IRE B B ERR V€L BIEUT tEL IR ¥ & 9
ch 3 e & TS 2 7h Aol ol ASH fRol aFH T
QT A, THY MRS BAl st B ol Ye FHo0 HE
% =9 SeAD BA, A HRE BN ER B BB DAY KEE
bR BGEE AT TA U R HRY =¥o] Wasi gos & TRl
HEL, Sl Bed Fa% 2Rt Fiz wech







SUMMARY

I. Project Tatle

Improvement of Reconversion Process for Nuclear Fuel

II. Objective and Importance of the Project

The object 1s to establish and indigenize the technology of con-
version and reconversion for stable nuclear fuel supply to all the
Korean nuclear power plants, and furthermore to lay a groundwork for

manufacturing the high burnup nuclear fuel based on the developed AUC

process.
III. Scope and Contents of the Project
1. Improvement of conversion and reconversion process ('87~'90)

1-1. Uranium purification process
1) Technical support for the production of UN solution (HWR Fuel)
» Process automation

- Development of computer code to simulate the dynamics of

the pulsed extraction column
- Automatic measuring of holdup in the pulsed column
2) Improvement of process for uranium scrap regeneration
» Development of treatment technology for uranium Scrap using
the solvent extraction

- Development of alternative technology for the small amount

of dirty scrap.
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1-2. Improvement of conversion process for HWR
1) Identification of process parameter in the commercial plant
(100 ton-UQ./year) and modify the equipment
2) Improvemnt of UO. powder properties for indigenization

J) Basic data acquisition for the development of the continuous

AUC process.

1-3. Improvement of reconversion process for PWR
1) Technology development of the treatment and handling of UF
2) Equipment development for avoiding the nuclear criticallity
3) Development of the recovery process of UFs tails

4) Development of the high burnup nuclear fuel

 powder production for controlling open pores.

1-4. Recovery of uranium and valuable materials
1) Establishment of uranium recovery process from AUC filtrates

1n conversion and reconversion processes and operation of the
commercial facilities

2) Establishment of fluorine recovery process and design of the
commercial facilities

3) Development of treatment technology for waste methanol from the

conversion and reconversion process.
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2. Development of manufacturing technology of the high burnup nuclear

materials for PWR

2-1. Preparation of spherical Gd.0; powder
1) Technology assessment for powder production

2) Production of spherical powder.

2-2. Manufacturing the Al-doped AUC, UO. powders and the sintered
pellets
1) Prediction of doping yield
2) Thermal stabilities of Al-doped powders

3) Bnalysis of the pellet characteristics.

2-3. Investigation on the material property changes acompanied by
the phase change from AUC to UO;

1) phase analysis in the phase change

2) Reaction kinetics.

4-4. Technology development of recovery and reuse of fluorine

1) Proposal of the reuse method for recovered fluorine.
IV. Results and Proposal for Application

1. Improvement of conversion and reconversion process ('87~—'90)

1-1. Uranium purification process

1) Development of the computer code to design the pulsed column by

the population and dispersion model
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2)

4)

System installation for measuring holdup automatically and est-
ablishement of hydrodynamic model based on slip velocity
Evaluation of uranium scrap properties and establishment of
calcination condition

Establishment of uranium reduction kinetics to design the elec-
trochemical equipment

Establishment of the optimum operating condition to recover

uranium by precipitation-crystallization method.

. Improvement of conversion process for HWR

Improvement of the fluidized bed reactor in commercial plant

« Feeder : vabration type — pinch valve type

- Distributor : cone type — cylinder type

Improvement of the transportation system of AUC slurry

« pump —> compressed air

Investigation on the properties of AUC and UO. powders

« Examination on the sounding mechanism of AUC powder

« Estimation of UO. powder properties from mercury porosimetry
and SEM (e.g., tapped density, particle density, etc.)

« Basic data acquisition for pore structure

Investigation on the fluidization characteristics

- Fluidization characteristics of AUC, U03 and UOZ powders
(Une, Uan, Us, etc.)

- Group A powder - applicable to continuous process
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» Basic data acquisition for continuous process
- performance analysis of continuous process through

computer simulation from RTD and kinetics.

1-3. Improvement of reconversion process for PWR
1) Technology development of the treatment and handling of UF,
« Design of UF¢ vaporizor and development of UFs transportion
system
2) Design and manufacture of slab-type AUC precipitator
« Examination of hydrodynamic characteristics
e Design of slab-type AUC precipitator
3) Recovery process of UFs tails
 Establishment of the recovery process and assessment for the
optimum process
- Foreign services being more economical for up to 400 tons/yr
4) Manufacturing the Al-doped AUC powder
- optimum doping time : final stage of precipitation period
« doping Al size : 1~2 um

- doping yield : 16 %.

1-4. Recovery of uranium and valuable materials

1) Uranium recovery from AUC filtrate
- Conversion : storage in Lagoon after the recovery of uranium

as ADU

- Uranium concentration in the final waste solution

: 10—20 ppm



« Recoversion : transport to the fluorine recovery process
after the recovery of uranium as UQ..Z2NH.F
- Uranium concentration in the final waste solution
: 1~2 ppm
2) Fluorine recovery process
« Fluorine recovery in AUC filtrate from reconversion process
- Recovery as NaF
98 g-F/1 = 10 g-F/1 (recovery yield : 90%)
- Recovery of residue after vaporizing the NaF filtrate
solution
3) Development of treatment technology for waste methanol
« Establishment of the pretreatment process for waste methanol
» Recovery of methanol by distillation and reuse : reconversion

Process.

4. Development of manufacturing technology of the high burnup nuclear

materials for PWR

2-1. Preparation of spherical Gd.0; powder
1) State of art report for the spherical particles and gadolinia
nuclear fuel
2) Establishment of manufacturing condition of spherical (Gd.0s

particles in submicron size
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3) Examination of thermal characteristics of spherical gadolinium
compound
 Change of crystal structure at 1200 °C

(cubic = monoclinic).

2-2. Manufacturing the Al-doped AUC, UQ. powders and the sintered
pellets
1) Al doping yield
» for AUC — 30 %
» for 10, —» 80 %
2) Proposal of the adsorption equation for Al-doping
J) Examination of the sintering characteristics of various Al-UO.
mixed powders come from different Aluminum Source (sintering
density, pore size, open porosity, etc.)
« Similar to pure U0, 1n pore shape
« Grain size : > 10 um

- Open porosity : < 1% at the sintered density = 10.35 g/cw’

4-3. Investigation on the material property changes accompanied by
the phase change from AUC to U0,
1) Existence of various phases during the reduction reaction of
AUC to UO. in the H. atmosphere
«AUC - A-U0; —» a-U0; = a-Us0s = Uds = U0z:x = U0
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2) Proposal of kinetics for each phase change
« AUC — A-UO; : Nucleation-growth model
e a-U0; = a-Ui0s : Nucleation-growth model

« x-Us0s — U0: : Nth-order model.

2-4, Technology development of recovery and reuse of fluorine
1) Identification of the feasibility of usage as the fluorine optical

fibers of Znd generation.

Through the study, the conversion and reconversion technologies have
been established and indigenized. However, continued development of
these technologies is required in two respects. Firstly, in order to
have international competitive capability, further researches on the
maximization of the process economics should be performed continuously.
Secondly, although basic data have been acquired through the study, the
development endeavor of the process technology of the high burnup
nuclear material for PWR is believed to be very amportant in the inter-
nationalization and furthermore advancement of the AUC process developed

by us.
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Table 1.1  Summary of the Previous Works on the AUC Thermal Decomposition

iBachmann and TG, DTA, single step reaction
Scibold (1975) X-ray (NH4)4U02(C03)3 -»U03+4NH4+3C02+
ZHZ0
Halldahl and TG, X-ray | Air, He, HZ2 atmosphere
|
Sorensen (1979) Q1A method | intermediate UO3(HZ0) ,
amorphous
Halldahl and | simulation of three dimensional spherically
symmetric diffusion control
Sorensen (1930) 1ndurstrial reactor
E=79.5+6.9 KJ/mole

Halldahl (1934) in-situ reaction |to conform amorphous UO3
1n SEM
Halldahl and TG, DTA Decomposition begins at 120 °C
regardless of atmosphere

Nygren (1986)
al differs with atmosphere

|
Ge and Kang DCS, non-isothexrm, | N2 atmosphere

(1987) ceramograph nucleation and growth mechanism

E=105.5 KJ/mole
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