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In previous report Modified Purex process has been proposed for
reprocessing of spent actinide and technetium oxides, irradiated in
water loop, as a part of ATW project. The flowseet is based on com-
bination of all irradiated materials, their Jjont dissolution and
reprecessing as a NPP spent fuel solution with abnormal plutonium
content after addition of recycled depleted uranium concentrate.

Some groups of long-lived radionuclides could be completely reco-
" vered and localized even at the stage of extraction reprocessing
using 307 TBP. Studies in this field were conducted for 10 years
with the aim of developing the process for recovery, concentration
and localization of U, Pu, Np, Tc and Zr within 1st extracton cycle.
Transplutonium actinides are recovered from high-level raffinate of
this cycle after evaporation and feed ajustment.

This technology has been specified as "Modified Purex process".

Modified Purex-process was based on four technological techniques:
1. Specific behviour of Pu and Np at high solvent loading with U.

2. Maximum recovery of Zr and Tc in the head extractor with their
further removal into individual flows.

3. Stripping of Pu and Np by using a new salt-free complexing agent
without interaction with Tc.

4. Separate stripping of Pu and Np with the use of U(IV) at various
concentrations of Tc.

Originally this process has been developed (and is improved as yet)
for new NPP spent fuel reprcessing plant RT-2 (Krasnoyarsk,Siberia)
for treatment of highly burned-up nuclear fuel, securing on its eco-
logical acceptability, including waste partitioning and their sgepa-
rate disposal. The aims of the process are in many aspects similar
to ATW transmutation program; in this way recovery of uranium and
plutonium with hard isotope proportion and their reuse in NPP fuel
cycle is assumed to be a first step of total actinide transmuting.

Several variants of Modified Purex process, elaborated with the
use of simulated solutions and tested on real solutions of LWR(WWER)
spent fuel were reported previously. This paper is aimed to give
some evidence on possibility of deep element recovering and initial
step of their partitioning in the first cycle.
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1. THEORETICAL AND EXPERIMENTAL BACKGROUND OF HEAD OPERATIONS

1.1 ln*e;action between actinides in extraction process

in the Purex process nitric acid, actinides, fission products and
impurities are contacted with 30% TBP in diluent which is loaded
with uranium from 0 to 100g/l and some-times up to 110g/1. 1t cor-
responds to less than 907 of the maximum theoretical solvent' loa-
ding. The reported data at high uranium content are not numerous,
their number decreasing with saturation level,

The investigation were performed on extraction of nitric acid, ac-
tinides and some other elements by TBP at high loading with uranium
up to full saturation in equilibrium with solid uranyl nitrate.

At the ultimate TBP loading and namely in equilibrium with solid
urany! nitrate, fiNOs is dissolved in organic phase due to hydrogen
bond with nitrate-group of uranyl nitrate-TBP disolvate. At lower
uranium concentrations HNOs is extracted by means of formation of
nydrogen bond with free P=0 groups. In the range of uranium concen-
tration 90-110g/! both variants of HNOs extraction by 30% TBP can
take place.Consequently,HNO: distribution through extraction stages
will deviate from the distribution predicted by classical moc 1, the
deviation increasing with uranium concentration in the solvent.

The equation of HNOs extraction for (S-100)% TBP solutions satu-
rated with urany! nitrate is as follows:

Yi = [Drnafna/Cw + 2KaDZna(Xnma/Cw)21E, where

¥n=, Cw -concentrations of non-dissociated HNOs and water in agqueous

phase, M:
Yu - concentration of HNOs in organic phase, M;
S - concentration of uranyl nitrate solvate with TBP, M;

Doc '~ distribution coefficient of undissociated HNOs monomer;

Ka - dimerization(associatioﬁ) constant of HNOs in organic phase, | /M.

Another important phenomenon that is peculiar to the zone of the
high solvent loading with uranium, is connected with the significant
difference between Np(1V) and Th(lV) distribution ratio (D), though
they approximate to each other at lower wuranium concentrations
(Fig.1.1).It has been also observed that the distribution ratios of
Pu(1V) and Np(1V) depend on the concentrations of these elements at
fixed uranium and nitric acid contents. For instance, the increase
of Pu concentration from 100 to 500mg/l causes increase Dru by a
factor of 1.5 (100g/l of uranium and 126g/1 of nitric acid in aque-
ous phase). Under similar conditions, the increase of distribution

ratio for tetravalent neptunium is 4-5 times (Fig.1.2). For tetrava-

13
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Pig.f.1. Dependence of tetravalent actinides distribution
coefficients on urenyl nitrate concentration in organic
phase at high loading.
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Concentration of actinides -in agueous phase, M
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Pig.1.2
Extraction of tetravalent actinides by 3C % TEP in dodecane at
.T-?.O °c;xu-0.421(. xHBO = 2 M,
V= Pu(IV); 2 - Np (IV); 3 < m (IV)
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lent thorium the concentration dependence of distribution ratio has
not been observed.

Neptunium exhibits the above effect in a definite acidity and tem-
perature range. For Pu(lV; distribution the temperature dependence
at high uranium saturation is under investigation.

On the base of the obtained experimental data a correction to ma-
thematical model of extraction equilibria has been proposed with
allowance for the behaviour of plutonium, and also neptunium in the
range of high uranium concentations. Namely, the distribution of
Pu(lV) at extraction by TBP from uranyl nitrate and nitric acid aqu-
eous solutions is described by the ROZEN-ZELVENSKY model. The expe-
rimental verification showed that in the presence of uranium this
model is quite correct at plutonium concentration below 4%1073M.Pro-
cessing of the experimental data at higher concentrations leads to
the equation:

K*pu = Krull + (AXU®Xru/1+AXuSXru)l, where
K*pu and Keu ~ concentration constants of Pu(lV) extraction equi-

librium for the refined and original model,respectively;

Xu: %ruw - concentrations of uranium and plutonium in agqueous
phase, M;
A - coefficiznt.

Correction for Np(1V) has a more complicated form than for Pu(lV).

Application of corrected model is of importance for critical as-
pects. Uranium and plutonium distribution in the head extraction
unit under normal! conditions is well studied.However, with abnormal
increase of the feed flow, uranium and plutonium concentration pro-
files start moving in the direction of raffinate exit. If the feed
flow grows twice and higher as to the nomina! value,uranium and plu-
tonium rapidly fill all the stages of the mixer-settler and pass in-
to raffinate. In this case,plutonium concentration in the unit does
not come up to the critically dangerous !imit. When the flow of the
feed solutions is 110-130Z of the norma! value, the conditions are
most unsafe due to plutonium accumulaticn. In the course of time the
concentration of plutonium in the stages of extraction zone increas-
es progressively and can become critically dangerous. At the same
time, Pu content in raffinate does not differ essentially from the
concentrations under normal! conditions.

Fig.4.3 exibits calculated profile of Pu concentration through
the stages of the head mixer-settler in dynamics with the feed flow
increasing by 2274 as to the neormal value.

Tests on U and Pu distribution and accumulation under abnorma!l

conditions were conducted with the use of a laboratcry extraction
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unit of mixer-settlers. it was found out that the formal values of

distribution ratios for plutonium in the region of uranium front re-
placement are lower than those obtained at equilibrium. The break-

through of plutonium into raffinate was observed to come earlier

than it was predicted by the calculation, and plutonium is accumu!la-
ted in lesser amounts. Later investigations in plant contactors

showed that the rate of uranium and plutonium accumulation under ab-
normal conditions was determined by the hydrodynamic characteris-

tics of the extraction e&uipment. The longer was the residence time

of solutions in extraction stages, the better agreement was achieved

with the calculated displacement of uranium and plutonium concentra-
tion fronts. The calculations with the use of 2 dynamic mode! pro-

duce most adequate results for the abnormal conditions of extrac-

tion process if the above-mentioned peculiarities of Pu extraction

by 304 TEP a2t high loading are taken inte account. From the results

obtained it follows that plutonium breakthrough into the raffinate

under similar conditions wil! be observed earlier in centrifugal

contactors and later in mixer-settiers. The pulsedana reciprocating-
nlate columns take an intermediate position.

J

1.2 Zirconium and technetium extrzction by TEP, loaded with uranium

Zirconium separation from uranium and plutonium during spent fuel
reprocessing is an important but not easy task,and numerous investi-
gations deal with the zirconium behaviour in various extraction sys-
tems. Some difficulties, however, hinder corretating the results of
different researches. [t is reasonable to nete that the most of pa-
pers in this field treat of Zr-HNO>-TBP system, the lesser part of
them being dedicated to investigation of Zr-U-HNO=-TBP, and, especi-
ally, Zr-Tc-U-HNOs-TBP systems. At the same time technetium influen-
ces substantially on zirconium extraction.

The variety of zirconium forms in solutien, in particular at low
acidity { <3 M ) complicates greatly the problem of the equilibrium
data description and makes it practically unreal! in the presence of
iranium. So, it is essential to obtain own data base for zirconium
:xtraction by TBP in Purex-process terms and to use it for direct .
:alculations, may be without a reliable mathematical model of zirco-
vium extraction and coextraction.

To standardize zirconium forms all solutions were prepared from
salt concentrates. Zirconium salt was preliminary dissolved in 8 Y
NOs, the concentrate was being heated for &h up to boiling,diluted
© 5 M HNOs and then stored.

t
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Obtained data on zirconium and technetium distribution in the ab-
sence and in the presence of uranium are shown in Fig.1.4 and 1.5,
respectively. Firstly,the distribution ratio of zirconium apparent-
ly decreases with its own concentration and increases considerably
with addition of technetium in comparable amounts. !t can be seen
also that the influence of technetium on zirconium distribution is
diminished with the growth of organic phase loading by uranium.

Zirconium distribution coefficients are less than 1.0 at condi-
tions of extraction unit, but the product of distribution coeffici-
ent multiplication by phase flow ratio may be just as less than
1.0 so more 1.0, depending on uranium content in the feed solution
and solvent loading. The effect is strengthened by acid peak forma-
tion in the head extraction unit due to solvent loading with ura-
nium. Taken together that leads either to extraction of zirconium,
or to dumping the latter into waste. So, even preliminary correct
prognose on zirconim behavior in the head extraction unit needs
mul ty-component stage-by-stage computations.

As to technetium distribution it is not clear in what degree it
is complexed and/or co-extracted with uranium and zirconium in the
presence of both elerents and so what part of last one ought to be
extracted for complete recovery of technetium. Thus it also needs
computation of its profile in the head extraction unit before pro-

cess testing.

1.3 Computaticn of zirconium, technetium and uranium co-extraction

Calculations of Zr and Tc behavior in the head contactor were
persued for 16 stage mixer-settler (Fig.1.6), extraction zone con-
sisting of 13 stages and scrubbing zone of 3 ones.The computations
were made for alternate operating conditions that ensure different
degree in Zr and Tc extraction.

In Table 1.1 the computation results are presented for the condi
tions corresponding to the "classic" Purex process where a bulk of
zirconium is expected to pass into raffinate of the ist extraction
cycle. Though zirconium is practically absent in final solvent
phase loaded with uranium, the conditions are favorable, according’
to the computation data, for Zr extraction in the stages with low
uranium concentration and its reextraction in uranium extraction
zone, being accumulated in the stages near uranium front. Zirconium
iccumulation contributes largely to technetium coextraction.

The way to extract Zr is analysed in Table 1.2 at constant sol-
‘ent flow and loading with uranium up to 95g/1.It can be seen that

g e,
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Fig.1.4 Distribution coefficients (D) dependence on uranyl nitrate

concentration in solvent for technetium (A) and zirconium (B)
Initial concentration: 3g/! Zr; 0.1g/1 Tc.

HNOs equilibrium concentration: 1- 2.0; 2- 3.0; 3- 4.0; 5- 5.0 M
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Fig.1.5 Distribution coefficients (D) dependence on zirconium
initial concentration in aqueous phase for zirconium (A)

and technetium (B)
HNOz equilibrium concentration: 1- 2.0; 2- 3.0: 3- 4.0;

3- 5.0 M
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Fig.46 The structure of the head extractor unit.
Table {.1.
calculated concentration profiles of HNO2, U, Pu, Te, in the head
traction unit. Feed solution: 200 g/l U, 2 g/! Pu, 0.67 g/l Zr, 0.11
/1 Te, 3 M HNOz. Relative flow of scrub (to feed): 0.21; 1 M HNO3
age; Concentrations of components, g/l
L I HNO3 | U H Pu ' Zr H Te H Tc #)
v Aq. .0rg.; Aq. 0rg. | Aq.) Org.: Agq.: Org.: Aq. | Org.! Aq. - Org.
1 160 38 : O 0 10 0 10.55 0.08i0 (o] 10.02 0.004
1226 49 | O 0 10 0 10.69 0.24:0 0 10.03 0.005
1 245 S1 . 0 0 :0 0 10.97 0.4410 0 10.03 0.008
1 248 51 | 0O 010 9 11.32 0.64.0 0 70.04 0.011
{1 249 S1 I 0 0 0 0 11.65 0.82:0 0 10.04 0.015
1 249 St i 0 (] 0 11.98 1.001:0 0 10.05 0.020
1248 51 ; 0 (O 0 12.28 1.18:0 0 10.06 0.027
1 248 S1 ¢ o0 o0 + O 12.59 1.36:0 0 10.06 0.036
' 248 51 ¢ 0 0 0 0 12.90 1.S55.0 0 10.08 0.046
¢ 247 50 ¢ 0.1 0.130. 0.0 :13.22 1.75:0.0 0.0 10.10 0.064
¢+ 247 45 | 0.3 14 10.03 0.54:3.96 1.56:0.00 0.03:0.11 0.081
P 237 11 ) 24.6 101 10.92 1.15!3.25 0.11:0.04 0.09:0.16 0.047
v 133 7.1 47.3 102 $1.93 1.20:1.07 0.01!0.32 0.08!0.10 0.045S
1 94 5.0) 64.7 103 :2.40 1.21:0.09 0.00:0.29 0.07:0.08 0.044
v 73 4.0, 71.3 102 :2.52 1.16:0.00 0.00:0.19 0.07:0.07 0.043
¢ 63 4.0! 61.3 96 12.03 0.96:0.00 0.00:0.14 0.05:0.06 0.038
20 7 stage efficience in coextraction with Zr

TN
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the influence of solvent-to-aqeous flow ratio grawth on Zr recove-
ry is very essential, but it can’t be achieved by decrease of sol-

vent loading because of decontamination factor drop. The limiting

value of S/A ratio in extraction zone is 2.9-3.0, which means ura-

nium concentration in feed 320g/! and higher ét HNO= concentration

3 M and also S/A flow ratio not less than 20 in scrubbing zone.

It should be noted that the algorithm for calculation was develo-
ped on the basis of ideal equilibrium equations. As to profiles
through the apparatus, equilibrium in individual contactor stages
may be not observed for all the elements. For example, calculated
Tc recovery in “"classic" Purex process is 100Z,while in experiment
(and plant process as well) it is of 85/, and agreement is achieved
assuming that formal stage efficiency is about 207Z - for Tc extrac-
Ltion only.

Therefore, there is a certain inaccuracy for expected vaiues of
tirconium and, especially, technetium accumulation in the contactor.
lowever, obtained results allow to test directly the conditions of

irconium and technetium total recovery on simulated and then on

hot" solutieons in series of rig trials.

- ——— -



2. PROCESS STUDY USING MIXER-SETTLERS

2.1.General information

HMost of experiments on Modified Purex process development has com-
pleted in miniature mixer-settlers. The contactors of this type are
very convenient for radiochemical investigations using both simu-
late and real high-active solutions. Their construction ig not comp-
licated, they are reliable in operating.

The mixer-settlers are easily manufactured and installed in units
and cycles with the aim to determine optimal perfomances of the pro-
cess. Residence time (5-40 min. per stage) is high enough to obtain
reproducible concentration profiles in the units, which permits to
improve some operations at minimum data. Most of elements with vari-
able oxidation state have enough time in any stage to come to equi-
jibrium. Therefore, the interpretation of the process and its model-
ling are simplified significantly. Information obtained in miniature
mixer-settlers with simulate solutions usually demands minimum num-

ber of expensive additional experiments with high-active solutions.

2.7 .Miniature installation for testing the Purex process versions

The installation has been manufactured and assembled to perform
verification of Purex-process modifications in miniature mixer-set-
tler contactors. It includes seven multistage mixer units,which are
made of stainless steel. The volume of liquids in each stage is
equel to 15ml for mixing chamber (pulsed agitation) and 100ml for
settling one. The schematic drawing of the instalation is presented
in Fig.2.1.

Aqueous and solvent streams are shqwn by single-arrowed and double
-arrowed lines, respectively. Besides mixer-settlers, the installa-
tion includes feed, intermediate and storage flasks, dosing equip-
ment, taps, vents and vaives. The flows of feed and reagent solu-
tions are fixed by proportioner with smoothly lowered level of dis-
charge. The flows of solvent are controlled by plunger dosator with
ball valves and bellows hermetic sealing. Measures are taken to
avoid overfilling in intermediate and storage tanks. It is possible
to commutate or to switch of mixer-settles units by vents, to vary
the number of stages in some units and, therefore, to design various
versions of Purex process flowsheet. The mixer-settler units were
mounted at different levels in order to organize gravity solvent

flow from one unit to another at its maximum flow rate 1.51/h. Some

of the units were supplied with heaters to warm solutions upto50+5=C.

e
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ig. 2.1 -Schemat.ic drawing of mixer-settler rig for Modified Purex
process testing.

Units for jont extraction and Zr/U-Tc partitioning are hatched.

Designation: I'.J dosing valve; ® vent; b receptacle;

intermediate flask; m heater; m proportioner.
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The feed simulate solution was prepared on the base of recycled
uranyl nitrate, refined by extraction and concentrated by evapora-
tion.The uranium solution contained considerable quantities of phos-
phate-ions as a result of TBP cegradation during evaporation.So the
procedure of feed solution preparation was as fol!lows:

- concentrated solution of uranyl nitrate was analysed and diluted
to obtain necessary uranium content (somewhat higher than final
concentration):

- nitric acid concentration was adjusted;

- zirconium nitrate was added, its projected concentration being ex-

ceeded by 0.2-0.3 g/I;
uranjum - zirconium solution was kept for 50-80 hours to precipi-
tate zirconium phosphates;

the residues were separated by solution decanting

components were added to the solution.

and all other

The described procedure of feed solution preparation prevented

from phosphate precipitation in hiead extraction unit.

The miniature extraction installation allowed to investigate seve-

‘al versions of Purex process with the use of simulate solutions.

This report includes the problems of optimization of the two ope-
ations, e.g. Jjoint U, Pu, Np, Zr and Tc extraction

ive stripping. These units are hatched
Fig. 2.1).

and Zr selec-

on the schematic drawing

2.3. Studies of element distribution through the head operations

using simulate solutions

Testing of zirconium-technetium coextraction in the head
on unit

extrac-
of mixer-settler was started with the variant that envi-

ged no scrubbing in order to enable zirconium recovery at dimi-

shed uranium feed concentration. The head unit included 10 stages,

ile structure of 15 stage unit for zirconium stripping was rather
npiicated (Fig.2.3).

Trials were carried out using simulate feed solution of NPP spent

tl,  but with lowered plutonium concentration, e.g. 300g/1 U;

'1g/1 Pu:; 0.05g/1 Np(VI); 1.0g/1 Zr; 0.1g/l1 Tc; 3.0 M HNOs. Oxida- -

‘n states of Pu and Np, as well as Zr hydrolytic forms were sta-

ized separately by heating or boiling in 8-12M HNOs. Total

samp-
€ was .taken after 48h of continuous workK.

XKperimental profiles for Zr extraction and stripping are fixed

Ffables 2.1 and 2.2, respectively. It is seen Zr extraction to be

-€ successful;Tc is completely recovered as well due to coextrac-
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Fig.2.2 profiles of zirconium (1:3) and technetium (2:4)
in aqueous phase of head extraction unit
(simulated sotution of NPP gpent fyel at 33 gwed/t purn-up)
1,2- as ca\culated; 3,3- real profi\e

tnput in mixer—settler gtages: \-So\vent. 12-Fee- 16-Scrub

Table VZJ

Distribution of U, PWw Np, ZT» Tc and HNO= through the mixer-

gettler stages of the nead extraction unit with no scrubbing

Feed: 3008/} y;0.01g/1! pu;0.058/! Np(v1)i1e/d Zzr;0. 18/} Tci3M HNOsS

' +  Aqueous phase cpmposition :Organic phase H
iStages-—""" tomm 1o tommm T tammmm Y tem—-" Ve '
. . pNOs: U t Pu b Np 72r 1 Tc I § B 2r + T¢ :
t RN - 7A B mg/1: mg/l} mg/s mg/1t 871 v mg/t ¢ mg/l ¢
oy 2.9 ¢ 0.01% ~ v 0.08! 34 1 o= - 1 0.4
co03 AT 0.0t - 0.2° 7+ v 7 : 6 1 0.4°
o6 b 4.9 0.0t 0.1 ¢ 1.0 Y IR S 0.7 12° 0.4
. g 5.0 0.07 0.1 i - 9523 . 3.5% 300 8.4 !
v 9 4.7 % 8 0.3 :+ 7.8 11730 22 3 64 1 310 33 L
110 3.9 108 280 + 36 \

—

1
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/7 TBP,
U, Pu,
Np, Te, 2r

30

0.5 M HNO=

4 M HNOz

10 M HNOz

30 % TBP

h 4

A

Tant e

Structure of 2nd contactor for modified Purex-process

Fig.2.3

flowsheet

Table 2.2

Jistribution of elements and HNO3 through the stages of mixer-settler

stripping and actinide extraction from re-extract

zirconium

juring

Organic phase

Aqueous phase

age

Tc.

Zr,

g/d

74!

mg/1

g/l img/l

ber

0.43 | 26

2.8

i 0.5 | 0.74

0.03

0.04

1

1.85 ¢ 3.3 1 192 {1 0.52 4 161 | 0.03

0.05711.5

8.5
48.3

72.5:

0.22

0. 11

50. 32

119

0.25

116

4.0

110 i 0.035

3.8

0.011

130

115. 4

82

b




tion with zirconium. Increased solvent loading with uranium also pro-
vides to Tc extraction without fail in actinide recovery, which may
be expected from generally accepted point of view. Obtained results
allowed to rastore solvent product scrubbing, but with nitric acid
of rather high concentration (3-4 M) at very low relative flow.

The second operation consist of Lwo main parts, e.g. two-zone Zr

stripping and actinide backextraction together with Tc.This process

needs proper acidity and flow ratio control in order to separate

correctly Zr from transmutable components. it must be mentioned that

in further experimental series the operation was simplified, for

RT-2 flowsheet needs now only U and Pu deep recovery from Zr strip.,
while the minor elements are finally combined for common solidifica-
tion, using zirconium oxide as a matrix.

2.4 "Hot" rig trials

Two series of "hot" trials on Tc and Zr behaviour in the head ex-

.raction unit were carried out recently on mixer-settler rig, which

Gatchina Rezearch Center. LWR

WWER 440) fuel burn-up was 32 GWxd/t at cooling for S years.

raz dizpozed in shielded cells of

In the first series only technetium behavior

in "classic" process
1z examined.

The structure of the head contactor and test

~e shown in Fig.2.4 and 2.5. The recsults are compared to those, ob-

t:ned with zimuiate solutions.

results

They make evident, that Tc profile
s a peak in feeding unit, and its recovery docez noi exeed 85%. Na-
re of such effect was explained later by Tc-Zr co-distribution.

The zecona series was carried oui in !ast few years for testing

e reasonabitity of Purex process modification.

Only some possible
rrections were

introduced in rig communications without its total
sonstruction. The improved flowsheet includes high acid scrubbing
loaded solvent (Fig.2.6) at low relative flow to increase decon-
lination from gamma-emitiers without damage to zirconium recovery.
- feed contained 2.6 M HNOs; 400 g/l U; 3.2 g/l Pu; 0.14 g/l Np:
g/l Zr; 0.3 g/! Tc at 140 Ci/l total
134:137). The overall
previously.

gamma-activity ( mainly
results on element partitioning were repor-

1e element profile is presented in Table 2.3.

Zirconium extrac-
1 is connected with

its large accumulation in extraction zone,

th support technetium recovery. Content of the latter in high-le-

raffinate was no more than 1% of initial amount, as well as

of neptunium. Zirconium recovery was as high as 98%, its decon-
nation factor being 1.S=10".

s gy imme .

Ll
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Diluent Solvent(30% TBE) Peed Conc.HNO, Dilut.HNO,

Iip reflux }

Pig. 2.4  Sketch of head extraction unit of the "hot™ rig
in Gatohina (%973 - 1986).

[rdy
Y4
00
200
100 ’ 2
(o]
Foo 4

A

Fig. 25 The concentration profiles for Tc, U, I-INO3 in the
head extraction unit (extraction and high acid scrubbing):
A - simulated solution;
B -~ NPP srent fuel solution (32,5 GW+d/t):
1 - T¢ in organic phese; 2 - Tc in aqueous phase; 3, 4 - }m03
and U on aqueous phase
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4 M HNO3

Feed

30 % TBP

S

>

rig.

Fig2.6 The structure of the head extraction unit of " hot "

Table 2.3

and Tc through the stages of the

Zr,

Pu,
*irst mixer-settler unit in the trials with the use of NPP spent fuel

u,

dJistribution of HNO3,

Organic phase

Aqueous phase

Stage

v U, | Pu, HERVA o
g/1

HNO3,

g/l g/t | mg/l g/d b g/l L g/l mg/)

H

<0.3

.
3

<1.0

¢ 2.5 14€0.06:<0.001} 0.02

1

0.39

0.002;

10.34

i 0.05 ;| '1.57

0.3

4.7

0.61
0.48

0.7 |
0.92

73

110

1.4
1.9

9.1,
106

80

8.7

4.5

10

0.44
0.41

0.85

97
98
95
92

.82
0.80

0.38
0.31

80

.75

73

.
Y ————




3. PROCESS TEST IN REC{PROCAT!NG—PLATE COLUMNS
USING SIMULATE SOLUT1ONS

3. 1. General information
The input of pulsating energy is used in column contactors to ob-

tain higher rate of mass transfer. The principle of adding pulsating

mechanical energy to an extraction column was originated by Van
pijck (US pat 2011186, 1935). 1n accordance with Van Dijck's idea ex-

traction efficiency of a perforated—plate column cou be improved:
- by pulsing the entire liquid content of the column;

- by reciprocating the plates in the column.

The first technique has been extensively utilized in various bran-

ches of industry,including radiochemical plants. The second technique

has been widely exploited from the late 1950°s.

The reciprocating-plate columns have gained increasing industrial

épplication in chemical,pharmaceutical,peLrochemical.hydrometal-

jurgical and waste-water treatment industries. The apparatus of this
type have demonstrated good performances and combine the advanta-
ges of high flow rates and mass transfer efficiency. The reciproca-
ting-ptacve columns can be operated at high vibration level and low
(2-4mm) ampl itude, with easy and independent control for both amp!li-
tude and frequency of vibration, which is a complicated problem for

pul sed columns. Besides, an attractive reason to use reciprocating-

_ plate columns in radiochemical industry is in smaller volumes of

contaminated air in comparison with the pulsed columns.

The use of reciprocating-plate columns for spent nuclear fuel re-
processing should enable the extraction processes to be conducted at
higher specific flows and, consequently, solvent radiolysis should be
minimized.

3.2 Testing rig description

Extraction process for RT-2 plant 1st cycle flowsheet have been
investigated using simulate uranium-zirconium—LechneLium solutions
at Radium Institute reciprocating-plate column test rig. The rig is
disposed at Gatchina Research and Development Centre. The design of
the rig allows to investigate mass-transfer and hydrodynamics of ex-
traction operations with the use of corrosive, toxic and radioactive

jubstances. Paraffine diluent for TBP is used, which contains main-
W tri- and tetradecane.

The rig includes two reciprocating-plate columns. Each column is
rovided with 3-meter height plate stack and top settlers.The plate
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-stacks .-e placed in glass shells with in. diameters 56 and 8Smm
respectively.The simplified scheme of the column rig ts depicted in
Fig.3.1. Besides the columns A17 (S6mm diameter) and A18 (8Smm dia-
meter)the test rig includes measuring tanks A3, All, Al12, A16, A24;

tank-collectors A6, A7, A10, Al4, A15; intermediate tanks Al, A2, AS,
A8, A9, A21, A22; evaporator of uranium solution A20 and condenser
A23. Solutions flowrates are fixed by rotameters Ri, R2, R3 and R4.

The reciprocating-plate column A17 contains stack of 76 sieve pla-

tes with free area 447 (18 perforations of 8.7mm diameter), while -

plates are 55.4+0. lmm diameter. The central rod that supports the
plate stack is reciprocated by means of electrical motor with gea-
box and crank mechanism. The drive is located at the top of the co-
lumn. The double amplitude is adJjusted in the range 3-6mm, and the
vibration frequency is varied from 1.5 up to 8.5Hz.

A17 column has top and bottom settlers of 102mm diameter and 250-
300 mm height. Sampling in the column A17 is performed with the use
of sampling taps, which are located onm lines of entering and outgo-
ing solutions (taps S1-S4) and on levels 0.5-1.0-1.5-2.0-2.5m from
the bottom settler along the column shell (taps S5-S9). The samples
taken on those levels are used to determine not only component con-

centration, but al!so hold-up values.

3.3 Trials on the first extraction cycle process

in the course of experiments in column extraction of U, Zr and Tc
from feed solution into 307 TBP was tested, as well as following Zr
and then Tc backwashing. It was found out that both types of emul-
sion can be used on extraction, while aqueous continuous phase is
preferable at stripping processes in order to ensure satisfactory
1ydrodynamic conditions.

The data on U, Zr, Tc and HNOs distribution through the column at
tteady-state conditions are presented in Tables 3.1 and 3.2.The ura-
Mium, zirconium and technetium profiles in aqueous phase along the
sjolumn in course of extraciion are shown in Fig.3.2.

It can be seen from the experimental data that extraction of ura-
rium an technetium exeeds 99.99%Z and 997, respectively. As for zir-
onium about 70%Z of it is recovered.Calculations based on the above
esults with allowance for the data on Zr equilibria show that in
m height column 987 zirconium can be recovered, its concentration
n high-level raffinate being lower than 30mg/l. At Zr strfpping
8% zirconium passes into strip solution (1.2M4 HNOs) when organic

1aze is dispersed. it can be expected that in S-ém column about 98%

S
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N,
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Table 3.4
Concentration of U, Zr, Tc and HNO3 in entering and outgoing
zolutionz. 3 meler height reciprocating-plate column.

: H . i Component concentration, g/!

Pro- ! Emuls.! Phase ! Stream! Flow, !

! type ! : P olsh U oz Tc ! HNOg

Extrac-! Org. . Aq. ¢ In. 0 32 + 300 1.7 : Q.139 : 227
tion idisper-. Org. ' In. QF 0 ) 0 . 0

: 0.030! 0.05 :¢<0.002 : 183
1 ¢ 9% ; 0.33 : 0.039 : 12

[

. sed » Ag. v Out : 3
‘ . Org. . Out : 10

S

Extrac-! Aq. . Ag. o In, 28 P 290 1.2 0.220 : 198
t:on ‘dizper-: Org. . In. 7S . . 0 & : 0
zed ! Aq. Cut 2s ¢ 0.022! 0.-0 '-C.202 138

: . Org. .+ Out . 78 v 92 1 0.28 : 0.929 13

Ir - Craz. | Ag. In 10 ] 0 3 72
$vrin- Cdizper-! 2rg, 'n 20 S0 0.Z% 0. GES 12
(R sed Aq. Out 0 .22 1.8 2.070 8=
Crz Out 70 52 0.¢3 D). 357 10
- - ¢ Aq. » Aq. o In. 8 : o ! o 9 : 7¢
rip- !disper-: Org. o In V72 i 90 ! 0.25 : 0.065 12
ng ' sed ! Aq. ! oOut Vs 8 P15 1 1,12 ¢ 0.035 90

; . Org. : Out ! 72 188 1 0.12 : 0.062 ! 10

[—
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Table 3.2
Profiles of U, Zr, Tc and HNOz2 concentrations, {(g/l).
Reciprocating-plate column of 3 meter height.

Process! Phase . Com- | Sampling level (from the bottom of column).m
emuls. | . ponent,
type ; . : 0.5 | 1.0 . 1.8 . 2.0 2.5
Extrac-. Aq. . u 0.2 . 0.3 . 0.8¢ ! 1.1 v 18
tion, | . Zr ¢ 0.9 1 1,38 1 1.80 2.23 ¢ 2,485
org. ; . Tce P <0.002 | <0.002 ! <0.002 : 0.012 : 0.03&
dispers) . HNOz | 188 1 21¢ 249 T 282 . 258

v Org. U . 0.08 | o0.10 0.1 © G.37 6.0

: v 2r ¢« 0.15 [ 0.28  C.42 : 0.57 0.71

: . Te v <0.002 [ <0.002 ! <56.002 : 0.0064 : 0.0i2
Extrac-; Ag. U . 0.04 { 0.07 0.13 0.27 4.0
tion, . Zr 0.7 : 0.9% .31 1.2 1.8
aqg.diz~! P Te ¢ €0.002 ! «0.002 . -9.052 6.012 0.04sS
persed ! ! HNOgz : 180 ¢ 210 ¢ 239 240 1 40

. Crg U oot 9.2 . 0.as .2 12

: *Zr .16 ! C.1i 5.2 C.40 G. <<

. Tc P <0.002 -0.002 L.0232 0.004 0.01%
Zr - v Ag. ;U .22 21 HE D17 114
Strip- | A v 1.35 1 0.90 .58 ! 0.30 0.16
ping, ! . Tc ¢ 0.08% ! 0.052 ; 0.045 . 0.035 . 0.020
org. : » HNOg 85 . 8% : 8% : 80 : 80
disper-! : J ' : : :
sed H . . . H

i Org. @ U ¢ 90 ¢ 8%9.9 ! 89.7 . 89.5 . 89.3

: i Zr ¢ 0.19 ! 0.13 ! 0.10 : 0.06 : 0.08

0.064 : 0.064 . 0.062 ! 0.061 , 0.059

H N K]
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Fig.3.2. Urar;ium, Zirconium and technetium concentration profiles

in aqueous phase along the column in course of extraction

e |




=T &

‘OAMO  umTIQYTINbe - pyngmw ‘eusy Burisaedo - pgy

‘uumiyoo eprsut eeseyd Furmor]
LT3weaamoaejunoo uy UOTIVIIUSGOUOD UMTUOOATZ JO UOTFIBUTWIOFOP TOOTITIWUR-OTJva) “¢'¢ *ITg
0‘s o.v

m\m.._m.&,. 0°‘1




- 31 -

zirconium will be stripped.

It is necessary to outline that the component concenrations pre-
sented in Table 3.2 are not the coricentrations determined directly
in samples of emulsion,which are taken out of the column. The aqueo-
us and organic phases in the samples are practically in equilibrium
to each other because of mass-transfer during sampling and phase se-
parating prior analysis. So the procedure of grafic-analytical re-
calculation is used to determine real concentration profiles in
countercurrently flowing phases inside the column. The recalculation
method is described in:

Treybal R.E. Ind. Eng. Chem. 1955, v.47, p. 2433;
Treybal R.E. Ligid Extraction, 2 ed., p. 386, McGrow-Hiltl, London.

An example of recalculation for Zr profile is shown in Fig.3.3.

AR
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CONCLUSION

The above data give evidence for possibility of combined deep re-
covery of several elements from highly irradiated materials by
means of TBP extraction in so-called Modified Purex process with
the aim to further transmutation of these elements.Selective strip-
ping of Zr from solvent phase containing U, Pu, Np and Tc is .also
quite effective.The nature of tested materials is in many respects
similar to that of materials to be reprocessed after irradiation.

Further element partitioning stands apart of this paper framework
and might be discussed in the next one.In order to choose the best
partition variant it is necessary to know the optimal element com-
bination for irradiation. It seems better to have minimum of loops
and therefore less number of spent actinide products to be repro-
cessed at once.

The development of Modified Purex process has not been completed,
and some new information would be aviable in next few years. The
main technological problem to be solved should be oxide separaticen
from the loop and admissible storage duration before their repro-

cessing and reu.e in the loop.
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