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y MCDELLING OF URANIUM/PLUTONIUM SPLITTING IN PUREX PROCESS

B. Boullis*, P. Baron®*

A mathematical model simulating the highly complex ura-
nium/plutonium splitting operation in PUREX process hnas
been achieved by the french "Commissariat 3 l'Znergie Atc-
mique”. The development of such a model, which includes
transfer and redox reactions kinetics for all the species
involved, required an important experimental work in the
field of basis chemical data acquisition. The mcdel has
been successfully validated by comparison of {:is results
with those of s3pecific trials achieved (at labcratory
scale), and with the available results of thg french
reprocessing uniss operation. It has then been used for tine
desizn of {rench new plants splitting cperaticns.

INTRODUCTION

The simulation of the differsnt operations of the Pur2x 2rocess v 3
computer progrim {3 3 very useful tzol today, not only for the definition ¢f
the process flowzneats and for safety analyses, but also [n tie relatad arzas
of the definition of the control syatam> and even aid {n process operaticn cn
the industrial site. In fagt, simulation caleculations make (% possible and
easy to :

+ determine tha "parameters of state" of a process, sensitive and prompt
indicators of any cnange in the process (optimisation of the numder,
type and location of the sensors),

+ define the optimal srocedures concerning exceptional events : shutdowns,
startups, rate changes (sequence optimisation by cnoosing between dif-
ferent scenariocs),

+ contribute effectively to the training of future operators (model/-
7 control console coupling for the most "sensitive" facilitias),

+ set up a solid, resliable "knowhow base"” usable as a refarence %0 ald
operators in taking decisions (Expert Systems for diasnosis and guidance
for optimising the activities of the operator in "degracded” operation).

The uranium-plutonium partition operation is one of the ey steps of the
Purex process, and is also one of tha most complex, owing to the variety of
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. the chemical and physico-chemical mecnanisms involved, Simulation by a corpu-
P ter program is here, more than anywhere, a real need (or proper process maste-
,"i ry. ‘
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The program presented here simulates the uranfum-plutcnium splizting
with uranous nitrate in a batlery of mixer-settlers.

OPERATION PRELIMINARY ANALYSIS

The partition ooe*ation involves a large number 9 che 3l species, and
we have restricted our analysis to the following systenm :

{#,0 - diluent - 30% TBP - HNO, -0 (VI - U {I¥) - Pu (I7) = Pu (III) -
HL‘O: - NzH, L‘ H - TC Tcred}

»

Two types of mechanism take place in the operation :
+ Partition of solutes between phasps ; ' ‘

* Redox reactions in which the different chemical sp2cies can particiszte
in each of the phases.

»

The ccnstruction of a model simulating this operation raﬂc- requfres the
knowledge of three types of chemical and oh;sxco-chemioal dazz

+ data on the partition @efficients of all the extractisle scecias,
° data on the interpnase transfer kinetics of the species,

L ]
* data on the kinetics of the redox r2actions occuring setween the spa-
cies.

HMoreover, it i{s also necessary to describe the phase 10w in thg unit,
and hence to make assumptions concerning the nydrauliczs =tehaviour of the
contactor,

SPECIFICATIONS OF THE MODEL

1 - Partition coefficients

The system analysed contains eight extractible solutes {ENQ, - U (VI) J
(I¥) = Pu (IV) - Pu (III) - HNO, - N, = Tc) and one unex=-ractidiae soluue
{hycdrazine). The large number of soluces, the interactive character of their
partition, and the absence of data on the complete system, 124 us to develop
a model that serves o simulate the partition coefficients.

is semi-empirical model was developed from the one us2d in the SSPHIS

code [1], of which we updated the parameters and expanded the ({ia2ld of ap-

plication. The model {s based on the identification of the apparent gquili-

brium constants as a function of the nitrate {on concentraticn {(or ragher the

"nitrate salting out effect”). For example, the axtraction of the specias in

;he restricted system {H,0~- 30 % TBP - HNO, - U(YI) . Pu(IV)} is sinulated as
ollows : :

Ky
H* + ¥0,~ + TBP = [HNO,, TBP]

2 (HNO,, TBP]"“"_,,[zﬂuo.. T3P] + T3P

(#NO,, TBP] + TBP‘B____[HNO,. 2TBP]

i

U0,2* + 2N0,~ + 218P = [UC,(NO,),, 2T8P]
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Kpy
Put* + uNO,” + 2T3P = {PulN0,),, 2TBP]

For which the folliowing are dafinad :

(wmo,, T8P] . fuNO,, 2787]
H [*]{Tap] {uM0,,72P [ ToP]
[2un0,, TBP][TBP] (U0, (M0,),, 2T3P]
a = =
[HNO,, TBP]? : “ (vg,**1{T3r]?
. [Pu(NO,)., 2TBP] ; [Puoi)**][u*]
Pu [Pu.’HTBP]z 'PUOH [P'J"I

KH' a, Ku. KPu' K?u . are expressed as fonections of a "nit~ats salzing cut
effect” variable, here defined by :

2y = a{d%) + b{U0,*™") + 2(Pu*")

Where a, b and ¢ represents the respective "salting out 2ffact factor” 2f
nitric aeid, uranium (YI) and plutonium (IV),

The values of ezch of these parameters or functions have bteen jlant{fied
to fit the large szvailable amount of partiticn ccefficients de-erminations.

Remark : The concentrations are expressed in moles par Liire ¢f free ao0l-
vent insted of molar concentrations.

2. Transfer kinetics

The ¢transfer kinetics is taken into account by means of the feollewing
expression of the flow crossing the exchange area

P Vg . KA(y* = y)

volume of dispersed phase

speciflic exchange area/dispersed phase
overall transfer coefficient

substance concentration in the organic phase
substance concentration i{n equilibrium,

with the agqueous phase

v
d
A
K
y
y.

Remarks : The value of the product K.A is one of the modsl's parameters ;
it should be adjusted, for each extractible specie, according to mixer's per-
formance. For example, we found K.A = 1 s~' for uranfum (7I) in cur alcna
active rig (c¢f. further) under corrsct hydraulic condiftions ; 2his value {3 {n
very good agreement with both K and d,, published determinatizns [2] [31.

However, it must be noticed that for industrial mixers, the residence time
of the dispersed phase is s¢ high that wo don't need 4n accurate cetermi-

nation : the results are quite insenaitive to this parameter Iin the fleld o!f
its probable values.
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3. Redox reactions

The gifferent reacticns =an be classified in,four types :
+ 'functiocnal” reactions : reactions which produce Pu (III),

- "interf2rence” reactions : reactions which oxidise Pu (III) and
u {In, '

+ "yseful” reactions : reactions which inhiblt the {nterference resc-
ticns,

« "interfarence side" reactions : reactions which ccould bde qualified
as "fnterference” of "useful" reactions (destructicn of hydrazine by
technet fum).

"Functional” reactions

We have two reducers of plutonium (IV) in the medium under investigation,
uranium (IY) and hydrazine. The reactions are written :

2Pub’ +* Ub’a.' 2H20 L ZPU,’ * Uo:z’ + Zd’
2Pu*t + 2N,Hs* - 2Pu’* + 2H,* + M, + 28°

Since the reduction kinetics of plutonium by hydrazine is much 3lower tia
by uranium (IV), we {gnored it in the present model.

"Interference” reactions

To corractly simulate (especially fn the organic pnase) the oxidation
reaction of Pu(IIl) by nitric acid, catalysed by nitrous acid {autocatalytic
reaction), we cescri’ed {% by a set of threze reactions :

2Pul* » HO,” + 3H" =  2Pu* + HNO, + H,0
Pu’* + HNO, + H* —~ Pu'* + H,0 + NO
2MO + HNO, *+ H,0 - 3HNO,

As for the oxidation of uranium (IV) in the presence of plutonium, this
reaction is already described by the above set of three reacticns, {f we add
the reduction reaction of plutonium (IV) by uranium (IV) ("functional"” reac-
tion). To describe the oxidation of uranium (IV) in the absence of plutonium,
we introduced the reaction :

Lb + ZHNOz - UO," * 2H’ * ZNO

"Useful" rsactions

Two reactions lead o the destruction of nitrous acicd and hence i{nhibi:
the oxidation reactions. These are :

NaHg® » HNO, == NyH » 2H,0 + H*
J J
N’H + HNO: - Nz + N,O + Hzo

Since the kinetics of the destruction of nitrous aclia by hydrazoic ac¢idg
is much slower than by hydrazine, we ignored {t {n the present nodel.
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lgp:erfereﬂce gica" reactions

In the mecdium analysed, tecanetium 3articipatas in many reddx rea
understood %o varying degrees. Nevertheless, its main action i3 o ca
the destruction of nydrazine by nitric acid [u]

. In ocur mcdel, we therefirae
simulate its acticn ¢nly by the reactions :

Teqx * N Hyt - TCprsg * H*

Tcred + HNO, = Tegyy * HIC,

NB : For each of the reactions selected, the kinetics was formulated fron
available experimental <determinations.

4. Specific assumptions

The balance acuaticns of the model were based cn the Iollowing as-
sumptions :

1. The mixars 2nd settlers (agueous and organic pnasss,) are considerad
as perfactly mixed cells.

2. Phase separatizn is zerfeet in the settlers (a0 ghasz 2antrainmant)
3. No mass transfar geeurs in the setllers.

L, T™e volumz of the dlspersed pnase in the mixer {3 Zefined bdy tha
equaticn :

where :
Vd = volume of di3zpersed 2nase
Qq = flow rate of dispersed phase

Qp = total throughput (aqueous + organic)

QUALIFICATION OF THE MODEL

The different parameters were adjusted and the model validated by compa-
rison with the tests conducted {n our laboratories, and with the operating
results of the UP2 plant. As an example, we give below to the comparison of
the model with one of the tests which served to validate the model.

Presentation of the test

The test concernad was carried out according to the diasram in figure 1.
The battery had 16 identical stages, the mixers had a volums of 3.5 em’, and
the settlers a volume of 30 cm?.

Results

The results of the compariaon are shown {n figures 2 to 6. We can ses that
on the whele, the model performed very well, although some s8lizght
discrepancies were nevertheless found on certaf{n profiles.
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CONCLUSIONS

e have now a computer orogram sinulating the recuctive strizping of plu-
tonium by uranous nitrate. Its validation is testifisd by the very zcod agre-
ement DYetween calculated and- experimental concentration prcfiles, both for
alpha active appliad experiments and for plant oceraticn resuyizs. Althougn
its accuracy has to be improved for some particular specias, which requires -
further experimental investigations - kinetics laws for hydrazine/uranium (IV)
reactions for example -, it already appears as an outstan2ing and jgualified
tool for industrial uranium/partition studies, and has drought an essential
contribution into the design of such an operation for the UP3 french renroces~
sing plant. . .

NOMENCLATURE

Ny ¢ "nitrate salting out ~ffect" parameter
a,h,c...: nitrate salting out effect” factors
F : Mass transfer flowrate

v

Volume of dispersed phase

: specific interfacial area

R » a

: Mass transfer ccefficient
¥ : 30lute concentration in the organic pnase
X : 30lute concentratisn in the aqueous phase
Xa : partition coefficient of the sclute
y* : defined ty y% = Kd.x
d,, : Sauter diameter
Qt : =otal throughput

Qp ¢ dispersed phase throughput
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WSHEET FOR MCDEL SUALIFICATICM

Urenium 8/)
5

70

] $0 [T 4 8
fKeee numer
— VIV A, CAL. e o W IV MU, ExP,
—-— Y AN, CAL, s a U AN, CxP,
Py V] ORG., CAL, o o Y one., Ixp,

4.88

PIutenium ¢/

s.8-¢

1.8-8

4.8=3

4.8~

3.8-8

2 4 . O 10 [T} te 10
M®Hege numder

— U MM, CAL. o o Pu AU, EXP,

- Py OMS. CAL. s a Pu ORE., ExP,

2. URANIUM PROFILES

3. PLUTONIUM PRCFILES




I.CHEM.E. SYMPOSIUM SERIES NO. 103

O3 mele/)

2.8 fe.1e
:
0.8
$
£ 3

2.0

[ e e St AATRm e A i« S e e Aa s TR e we

.00
1.0
.00
0.8 ,’h*':'—" < 0.0¢
.\'
\o~ o.o8 }
o a 4 0 [ 10 n;-.-;:.:-;% °
N nuser ] L e [ ] 1) ] 4 18
— PO A, CAL. e o MG AU, B, NP NUABRSr
ceme MNG3 OAB. Cal s s MNDD ORS. BXP, — MO CAL.
e o NENG EXP,
4. NITRIC ACID PRCFILES 3. HYDRAZINE FROFILES
1 A
87 /.—'———-/
.l
%}
-}
20 )
2
")
[ ]

F) . [] [] 10 1] te 30
Nnege nusser

e Y6 ABM. CAL.

o o Te AmU. W,

6. TECHMETIUM PROFILES




