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1. 

Uranium, neptunium and plutonium kinetics of transfer between 
various aqueous nitric solutions and solvents have been measured et the 
laboratory scale, using e centrifugal contactor. 

The effect of several chemical factors affecting the trensfer 
kinetics has been studied both in extraction and stripping conditions, e.g. : 

• oxydation state of the elements (tetrevalent or hexavalent) 
- aqueous metal concentration 
- aqueous nitric acid concentration, end 
- nature of the solvent (the results obtained for tetrevalent 
plutonium using tributylpnosphete and trllaurylemine are compared). 

The centrifugal contactor used in this study has been developed in 
our laboratory especially to determine trensfer rates. Its main characteristics 
are the followings t 

- Mixing of the aqueous and organic phases is performed by friction between 
two steel concentric cylinders 0 £ mm distant $ the inner cylinder is fixed 
while the outer n e is rotated t mixing times as low as 0.4 second can be 
obtained without significant emulsion in both phases. The corresponding totel 
flowrete is 18 1/h. 

- Phases separation is realized in two diametrically opposed settling zones 
located in a plexlgless*rotor. This material allows the visual observation 
of the Interface in the settlers by transparency. At the maximum rotation 
rate of 3 600 rpm the centrifuge field Is about 350 g. 

- Transfer experiments were carried out at various temperatures, the accuracy 
on this measurement was ̂  9,S*C. 

In this centrifugal contactor, we have successively studied the 
transfsr kinetics of i nitric acid ; hexavalent uranium > and tetravalent 
uranium, neptunium and plutonium, from nitric acid solutions into 30 % tribu-
tylphosphate in r-dodecane and 10 % trilaurylamina in r-dodecane. 

« Plexiglass is a trade mark of methyl polymetacrylate 
KM r dodecene is a hydrogsnated tetrapropylene supplied by PR0GIL S.A.France 



2. 

The effects of rotation speed, temperature, initiel nitric acid 
concentration, netal concentration, on extraction end stripping kinetics 
have been investigated so as to study t 

- the correlation between nitric acid extraction end natals extraction. 

- tha transfer rete of natals with initial nitric acid concentration at 
various solvent loading. 

- the variations of apparent transfer crefficlsnts with the speed of 
rotation. 

- the activation energies of the transfer reactions. 

- the comparison of extraction and stripping rates for tetrevalent and 
hexavalent speeiee. 

Up to now, the results obtained indicate tnot tributylpiasphate 
extraction and stripping are wore rapid than trilaurylamine ones. 

The low activation energies of transfer reactions with tributyl-
phosphate suggest that both in extraction and stripping, the transfer rate 
is limited by the diffusion of the species in the aqueous and organic phases. 

For trlleurylemine, the transfer mechanism appears more complex and 
involves chemical reactions at the Interphase. 
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Abstract 

The extraction kinetics of uranium, plutonium and 

neptunium were investigated, involving extraction by 

tributylphosphate and trilaurylammonium nitrate from aqueous nitric 

acid solutions in a centrifugal contactor, leading to the 

following conclusions : 

Extraction and stripping are faster with tributyl

phosphate than with trilaurylammonium nitrate and suggest a 

significant contribution by a diffusion process. With trilauryl-

ammonium nitrate, the transfer mechanism seems more complex, 

suggesting a strong contribution by chemical reactions at the 

interface. 
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INTRODUCTION 

Centrifugal contactors have been used for fuel reproces
sing in the United States since 196S £"1.7. They have been 
applied in France more recently and their application is 
foreseen in many other countries. 

In these contactors, residence time is very short and 
the kinetics of transfer of the chemical elements appear to 
be one of the limiting factors in their utilisation. 

Knowledge of the transfer kinetics of metallic 
compounds becomes an important factor in optimizing the 
operating conditions of these contactors. The first results 
of transfer kinetioj studies of some transuranium elements are 
described in this paper. These elements were extracted from a 
nitric acid aqueous solution by tributylphosphate and trilau-
rylammonium nitrate solutions in the aliphatic diluent TPH 
(produced by Progil). 

EXPERIMENTAL 
The centrifugal contactor 

Drawings of the experimental device and apparatus itself 
are shown in figs. 1, 2, 3 , 4. 



The purpose of constructing this centrifugal contactor 
vas twofold : 

1) to obtain Mixing tines lower than transfer rates (mixing 
tines as low as 9.4 s were reached) 

2) to design a new nixing chamber using friction phenomena. 

This is a single stage contactor. All metallic parts 
were made of stainless steel (frame, drive components, cylinders) 
The settling chambers are located in a plexiglas rotor , so as 
to permit visual observation of the interface by transparency. 

Mixing of the aqueous and organic phases is performed by 
friction in the 0.5 mm annular space between the two cylinders 
(figure 2). The inner cylinder is stationary while the outer 
cylinder rotates. Rotation speed is the same for the mixing 
and settling sections. 

The emulsion is evacuated into two diametrically 
opposed settling chambers and passes through the OTganic phase. 
Each phase is then collected in a groove located in the stator, 
and removed from the contactor. The interfacial area is not 
yet known, nevertheless a current study shows that, in the 
present operating conditions, the continuous phase is the 
aqueous one £~2«J. 



The Main characteristics of the contactor are : 
- maximum total flow : 18 1/h (a maximum of 1 percent of one 
phase carried over into the other was allowed) 

- mixing volume : 1,95 cm 
- maximum speed of rotation : 3600 rpa (centrifuge field : SOOg) 
- the interface position can be calculated from the overflowing 
level of the heavy and light phases and the density ratio of 
the solutions, which is about 1.3. (fig.3) 

The extractor is continuously fed at constant flow 
rates by means of a feed system shown in fig.4. The solutions 
are stored in two containers and pumped at flowrates ranging 
from 1 to 101/h , with a pulse frequency of 75 per minute. The 
pulsed flow is regulated by passage through a damping out system, 
and monitored by means of a flowmeter. The flowrate variations 
are of about It. 

The mixing temperature is obtained by preheating the 
feed solutions in the storage containers and by complementary 
heating of the emulsion in the extractor (Fig.2). The temperature 
is continuously controlled in the damping out system and in the 
extractor by a platinium thermistance and maintained within 
a range of - 0.5*C. 

The procedure is the following : 
1* aqueous phase pump turned on 
2* start centrifugal rotation 



3* organic phase pump turned on 
4* extractor heater on. 

Sampling is performed after 10 minutes, this interval 
being generally required for flowrate and teaperature stabilization. 
Only one saaple is usually taken, except when reproducibility 
aeasureaents are aade, requiring two saaples. 

Coapounds and analysis 

- U(N0j). solutions are prepared by catalytic reduction of U(VI) 
by hydrogen, and supplied by the fuel reprocessing plant of 
La Hague. The tetrsvalent uraniua content is about 95 percent. 

- Uranyl nitrate solutions are aade with UO-CNO-)-, 6H-0 
(Prolabo) . ' 

- HNO. is a commercial product (Prolabo or Merck) • 
- Pu(N0.) 4 solutions are obtained by dissolution of Pu0 2 in a 
mixture of HNOj and HF, precipitation with IDMNaOH, washing 
with distilled water and final dissolution in HNOj. The total 
impurity content is less than 0.5 percent of plutonium 

- Np(NO-). solutions are purified by solvent extraction 
- TBP is a commercial product (Melle Bezons) 
- the diluent TPH is a hydrogenated tetrapropylene supplied by 
Progil S.A., France. It is a branched paraffin with 12 carbon 
atoms ;tt5»nain characteristics are : 

. viscosity at 20*C : 1.3 cp 

. specific gravity at 20*C : 0.760. 



The TBP-TPH mixture is purified as follows : 

- washing with sodium carbonate 
- washing with caustic soda 
- washing with distilled water (three times) 

TLA is a pure product supplied by Rhône Poulenc. The TLA-TPH 
mixture is purified in the same manner as the TOP. The amine is 
acidified by two contacts with 2N HNO. solution just before use. 

Nitric acid is determined by volumetric analysis. 

U(IV) and U(VI) are determined by volumetric analysis by means 
of Ce(IV) . 

Pu(IV) and Np(IV) are analysed by a radiometric method. 

Results and discussion 

, Typical extraction curves are given in Fig.S. They show 
that at high rotation rates the efficiency is nearly 100 percent 
when the mixing time reaches 2 seconds. Mathematical data processing 
can be achieved if : 
1) we assume that the transfer rate follows a first order law 

with regard to the concentration»of the solute in both phases. 
2) the mixer can be treated as a chemical reactor whose resolution is 

known. Two models can be considered : 
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- a perfectly stined continuous reactor 
- a tubular reactor 
We shall successively develop the calculations regarding 

these models in order to check if our experimental results 
match one of them. 

Hypothesis (1) implies that : 

* - k1 CA " *2CS ( I ) 

At equilibrium v - 0, k ^ 0 * « k 2 C s
c q 

If the phase volumes are equal : C. • C. + C g 

* - k 1 C A - k 2 ( C A - V 

CA " CA C q • S T 

V ' I»1 + V <CA " CA eq) 

if k - k 1+k 2 

v - k(CA - C A
e q ) (II) 

This equation is valid irrespective oe the chemical 
reactor chosen to simulate the mixer. 
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a) Perfeçtl^_stirj^e^çontinuous_reaçtor 

The characteristic equation of this reactor is : 

A.v - F A . (C A* - C A) (III) 
with v - k(C.-C A

e q)(Il) , and A - a.V *A ~A 

k.a - A WA " UA 
C - C e q 
C A LA 

F â Hence, if Ê - A - 0.5 

k.a - p E (IV) 
T 1 - E 

b) Tubular reactor 

If S is the Mixer cross-sectional area and L its length , 
the characteristic equation becomes : 

FA* CA ^ " FA' CA ^ X * d x^ * s , a # d x ' v 

Hence r - P A- f^A - S.a.v (V) 
dx 
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dC. - eq 
A - (*••) . f . (C A - C A ) 

dx F A 

dC. S.dx 
A - C*.»)-

r _ r eq A 
CA LA 

Thus Log CA CA » (k.a) fjl 
cA«- - c r 'A 

C. • outlet concentration 

S.L - V 

Hence (k.a) 'J Log (1 - E) (VI) 
"T 

These two models give quite different mathematical 
solutions. If we assume that the mixer is a perfectly stirred 
continuous reactor, 

— - K. T, with K • *-rL 1-E p 

wherea« if it is a tubular reactor, as may be suggested by the 
mixer shape in our centrifugal contactor, we have : 

Log (1 - E ) --K » T , K • *-j£-
0 
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*e plotted the variations of Log (1-E) and from our 
1-E 

experiaental results, as a function of nixing tine, in fig. 6-7 
respectively. It nay be concluded that our results show 
fairly good agreenent with (IV). The sane conclusion was 
drawn by Fushlenkov et al C"iJ» D O » ÙQ* ÙQ* 
using also a laboratory centrifugal contactor, while 0lander 
/ 4/ and Fonin *C.Sjt C^3> using a stirred transfer cell 
obtained results natching (VI) . 

As stated above the specific interfacial area in our 
contactor is not yet known. The overall results will thus be 
interpreted in terms of apparent overall transfer coefficient 
(k.a) . 

Activation energies were estimated from the slope of 
the curve (Log(k.a), - ) . 

T 

The influence of speed of rotation, temperature, 
initial nitric acid and metal concentrations on (k.a) were 
investigateJ for both extraction and stripping. 

The results were interpreted according to the principles 
established by Fomin £~7_J, Lawson C~%3 and Glastone et al C^J> 

In our extraction conditions, chemical reactions 
occur only in the very near interfacial zone. In these conditions, 
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Fomin classifies the kinetics into three systems : 

- the kinetic syste» : extraction rate is limited by a 
chemical step 

- the diffusion syste» : extraction rate is diffusion controlled 
- the composite system : extraction rate depends on both 
processes. 

According to Glasstone et al. £~9JT, the extraction is 
diffusion controlled if E e < 5-7 kcal/mole, and linited by 
the chemical reactions at the interface if E >10 kcal/mole. 

exp 

Lawson C*J demonstrated that the drops coalescence 
rate is raised by temperature and mass transfer out of the 
drops, and inhibited by mass transfer into the drops. 

From these considerations, it results that the various 
extraction conditions can be classified according to Fomin's 
principle if the variations in (k.a) with rotation speed and 
Ê . 'are known. 
exp 

Figures 8 and 9 show typical variations in (k.a) with 
rotation speed and temperature respectively. 
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EXTRACTION WITH TRIBUTYLPHOSPHATE 

Nitric acid transfer 

Pushlenkov £~3_7» £~ 1 0.7 a n d Olander £"4^7 found that the 
extraction rate of nitric acid is limited by the diffusion 
process in the organic phase. In addition, Pushlenkov found 
that in a centrifugal contactor the transfer time required to 
reach equilibrium was about 2 seconds at high rotation speeds [Sj. 

The experimental activation energy, measured in a transfer cell, 
was about 1 Kcal/mole £ljJ7> 

Our experimental data on nitric acid extraction with 301 
TBI' in TPH are given in Table 1. These results show a strong 
effect of the speed of rotation on the extraction rate, vith 
(k.a) *v 0 ' " " , and a mean activation energy value of 7.7 
kcal/mole, which would indicate a slight contribution of the 
chemical step. 

The extraction rate does not seem to depend upon the 
initial nitric acid concentration but the accuracy of these 
results is not sufficient to assert this. 

One interesting result is that the nitric acid extraction 
rate is increased by the addition of metallic compounds in 
the aqueous phase, i-e - U(VI) - U(IV) . This may be related 
to the variation in the HNO, activity coefficient. 
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* 

In conclusion, it seeas that, in our centrifugal contactor 
the aechanisa of nitric acid extraction is a composite one, 
with contributions by both processes, diffusion and cheaical 
reaction. 

Tetravalent and hexavalcnt uranium transfer 

The extraction of hexavalent uraniua has already been 
investigated, while we failed to find any publication related 
to uraniua IV extraction kinectics. 

In studying U V I transfer, Pushlenkov et al. E*3*E^J*ÙV 

found that the limiting step depends upon both type of contactor 
and nature of the diluant. With carbon tetrachloride as diluant 
they found a controlling cheaical step when using a transfer cell 

£"•1.7» and a diffusion controlled step with a centrifugal contactor 
£3J. With an aliphatic diluant, they found, whatever the 
contactor, a diffusion controlled system. £ \ 7 » C.^*-3' 

Farbu and Mc Kay found a controlling chemical step in 
using the single drop method £~13_7« 

Our experimental data on U0 2(N0 3) 2 and U(N0,) 4 

extraction with 30 % TBP in TPH are given in Table 2. They 
reveal a strong effect of the speed of rotation on tht U VI 

1 5 - 2 3 extraction rate ( (k.a) ~ G *'*) , and an experimental 
activation energy of 5.4 kcal/mole. We observed no effect of 
the initial nitric acid concentration, and a slow decrease 
in (k.a) with increasing U VI concentration. This last 



- 14 -

result has a physical explanation (Lawson's assumption is 
confirmed). The activation energy value enables us to assume 
that we have a diffusion controlled system. 

For U IV, we found (k.a) * Q 2 * 5 - 3 , and an activation 
energy of 7.4 kcal/mole. The concentration range used is not 
broad enough to enable meaningful interpretation of the effect 
of U IV concentration. In the other hand, nitric acid has no 
significant effect. These results show that the process is 
not a pure diffusion system. 

A comparison of U VI and U IV extraction rates leads 
to the following observations : 

- the rotation speed effect is roughly the same in both 
systems. 

- the U IV extraction rate is lower than that of U VI. This is 
probably due to the great difference in the hydration energies 
of U 4 and U0- cations. 

# 

Te trayaient uranium, neptunium and plutonium transfer 

No systematic study has been made of the extraction kinetics 
of tetravalent transuranium elements with TBP. Pushlenkov et 
al.£"3.7 published some results concerning the extraction 
kinetics of Pu IV in a centrifugal contactor. They found that 
the extraction is diffusion controlled. Fomin and Leman £"6 7 
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reached the same conclusion for extraction of trace amounts 
of Pu IV, and assumed a resistance to diffusion in the 
organic phase. 

The experimental results that we obtained concerning 
the extraction of tetravalent transuranium elements are given 
in Table 3. 

They show, whatever the element, a strong rotation speed 
2 5—3 6 effect (k.a * ft * ) . The experimental activation energies 

of about 7.4 -8.4 kcal/mole, indicate that the process is a 
composite system, where both diffusion and chemical processes 
are involved in the extraction. The initial nitric acid concen
tration has no effect on the extraction rate. The rotation 
speed and temperature effects are roughly the same for the 
different elements. Nevertheless the extraction rate for U IV 
is half that of PuIV and Np IV. This fact corroborates the 
assumption of a chemical step contribution. 

We also investigated Pu IV and U IV stripping from 301 
TBP in TPH by a nitric acid solution. Our results show a strong 
rotation speed effect (k.a M l 1 , 3 " 1 * 5 ) for both Pu IV and U IV, 
no significant temperature effect (E„_ - 3 kcal/mole for Pu IV, 
and E # 0 for U IV) . The latter result implies that the 
diffusion process limits the transfer. This conclusion is 
corroborated by the fact that similar results were found for 
Pu IV and U IV. 
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A comparison between extraction and stripping is 
difficult to make, owing to the fact that the laws of variation 
are different. For U IV, it is clear that stripping is faster 
than extraction, while for Pu IV and Np IV, further experimentation 
is needed. 

Pu extraction with 101 trilaurylammonium nitrate in TPH 

Experiments were performed in the sane way as for TBP. 
The initial results are given in Table 4, and show a very 
strong rotation speed effect in both extraction and stripping 

3 2-3 7 (k.a) t a ) . The activation energy is about 15 kcal/mole 
showing a very strong contribution of the chemical reaction in 
the extraction process. 

The stripping rate is very close to the extraction rate 
at 30*C, while the particularly low transfer rate obtained at 
40°C seems to derive from solvent degradation , i.e hydrolysis 
and radiolysis. 

t 

Thus far, a comparison of tributylphosphate and 
trilaurylammonium nitrate extraction kinetics shows that the 
transfer is faster with TBP than with TLA. 
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Conclusions 

The extraction of nitric acid, uranyl nitrate and 
tetravalent transuranium elements by tributylphosphate and 
trilaurylamine in our centrifugal contactor yielded the 
following results: 

- all elements, except U VI, seem to be extracted by 301 TBP 
in TPH in a composite system, in which the chemical process, 
and, to a greater extent, the diffusion process are involved. 

• For U VI extraction by TBP , and tetravalent compounds stripping 
from TBP, the transfer is severely limited by the diffusion 
process. 

- The extraction by TLA and stripping from TLA of Pu IV is 
slower than with TBP, and involves chemical reactions at the 
interface. 
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S Y M B O L S 

A : interfacial area 
a : specific interfacial area 
V : mixing volume (1) 
C. : aqueous concentration of solute (nole/1) 
C. : organic concentration of solute (mole/1) 

CA : initial aqueous concentrations of solute (mole/1) 

C. : initial organic concentration of solute (nolc/1) 
c e < l 

I experimental equilibrium concentration of solute C e * S (aqueous and organic) 
v : . extraction rate (mole/time/area) 
kj :, individual nass transfer coefficient (1/s) 
k, : individual «ass transfer coefficient (1/s) 
k overall nass transfer coefficient (1/s) 
F. : aqueous flow (1/s) 
P. : organic flow (1/s) 
P : F A • F s : totil flow 

V 
T • - * Mixing ti»e (s) 
E - CA " CA : Murphee's efficiency 

CA' " V» 
B_ _ : experimental activation energy (kcal/nole) 

wAy 

0 : speed of rotation of the centrifugal contactor (rpm) 
•,T : extraction temperature (*C, *K) 

FA 
1 • -j ; flow ratio 
f : slope of the curve (Log 0, Log k.-r) 
TIP : tributylphosphate 
TLA : trilaurylamine 
ÎWI : hydro|enated tctrapropyione 
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TABLE 1- Extraction of nitric acid with 30* TBP In TPH 

Effect of rotation speed 

0 *C <H*) in s 

28 
35 

2M 
2M 

2.7 
2.5 

Effect of temperature 

Q rpm e » c (H*)in k.a (1/s) 
E e x P K c a l / M 

1700 
1700 

2300 
2300 

28 

35 

28 

35 

2M 

2M 
2.8 

3.9 
8.8 1700 

1700 

2300 
2300 

28 

35 

28 

35 

2M 
2M 

6 , 2 

7.9 
6.6 

Effect of initial nitric acid and metal concentrations 

"rpm e - c ( H * > i n (uvn | n (U I V ) f n ka ( \/s) 

1100 
1100 
1100 

28 
28 
28 

0.5 M 
2,05 M 
4,1 H 

-
-

1,9 
1.5 
2.2 

1700 
1700 
1700 

28 
28 
28 

2 M 
2 M 
2 M 

0 
0.021 M 
0.21 H -

2.8 
3.6 
m 

1700 
1700 
1700 

28 
28 
28 

2 M 
2 M 
2 M m 

0 
0.021 M 
0.084 M 

2.8 
4.1 
4,1 



TABLE 2 - Comparative results of extraction of U (IV) and U (VI) by T8P 

ft e •c (H*)ln (métal) . In ka U VI 
(1/s) 

ka li IV 
(1/s) 

Eexp U VI 
Kcal/mole 

:expU IV 
Kcal/mole 

1100 
1700 
2300 

28 
28 
28 

2M 
2M 
2H 

0.021 M 
0.021 M 
0.021 H 

1.2 
2.6 
6.7 

0.7 
1.2 
5.7 

5.4 7.4 



TABLE 3 - Comparative results of extraction and stripping of tetravalent 
transuranium elements 

Extraction and stripping 

factor 

» lament 

Q -. rp» - , « * » . . (metal), in ka (extr.) 
(1/s) 

ka (re-extr.) 
(1/s) 

U IV 1700 28 2M 0.021 M 1.2 2.1 

Pu IV 1700 
2300 

28 
28 

2M 
2M 

0.021 M 
0.021 M 

2.4 
5.3 

2.0 
2.9 

Transuranium elements extraction 

Fpm 
e •c (H ), • In (metal), in ka U IV 

(1/s) 
ks Np IV 
(1/s) 

ka Pu !V 
(1/s) 

1700 
2300 

28 
28 

2M 
2M 

0.021 M 
0.021 M 

M 2.5 
5.5 

2.4 
5.3 

1700 
2300 

1 
35 
35 

2M 
2M 

0.021 M 
0.021 M 

1.5 3.5 
7.1 

3.4 
7.0 

. n r * n ( H \ n (metal). In 
Eexp U IV | B« Xp Np IV 

Kcal/mole Kcal/mole • 
Eexp Pu IV 
Kcal/mole 

1700 2M 0,021 M 7.4 8.3 8.4 



TABLE 4 - Extraction ami stripping of Pu iV in the system HHO -H^Q/lQg 

Tri IauryIammonium nitrate in TPH 

Extractjon^ 
Effect of rotation speed 

Q *C C H*>.» (Pu IV), In s 

30 
40 

2M 
2M 

0.004 M 
0.004 M 

3.2 
3.7 

Effect of temperature 

ft e (HO, fn (Pu IV), in ^M/s) •exp 
(cal/mole 

1700 
1700 

30 
40 

2M 
2M 

0.004 M 
0.004 M 

1.3 
2.6 13 

2300 
2300 

30 
40 

2M 
2M 

0.004 M 
0.004 M 

3.3 
7.8 16 

StrMpjjjng 
Effect of rotation speed 

e ( H # )»n (Pu IV), in s 

30 2M 0.004M 3.6 
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FIG. 1 

CENTRIFUGAL EXTRACTOR (.ECP TYPE ) 
.GENERAL VIEW. 
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VIEW OF THE MIXING 70NE AND SOLUTIONS INTRODUCTION PFVIfF 
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CENTRIFUGAL EXTRACTOR (ECP TYPE) 
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FIG. 6 

VARIATION OF-log(1-E) WITH PHASE 
CONTACT TIME AT VARIOUS ROTATION RATES. 
THE SYSTEM IS AS FOLLOWS: U02 (N0 3) 2 0.21 M -
HN03 2.0 M- 30 % TBP IN TPH (PROGIL) - 9 * 28 °C. 
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VARIATION OF E / | . E WITH PHASE CONTACT TIME AT VARIOUS ROTATION RATES 
THE SYSTEM IS AS FOLLOWS: U0 2 (N0 3 ) 2 0.21 M - HN03 2.0 M -

30% TBP IN TPH (PROGIL) - 9 = 28 °C . 
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FI6.8._ DEPENDENCE OF THE LOGARITHM OF (k.a.) AS FUNCTION 
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• THE SYSTEM IS AS FOLLOWS: Pu ( N 0 3 ) 4 0.04 M - HN0 3 2.0 M 
30% TBP IN TPK (PROGIL) - 8 « 28 °C .. 
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FIG. 9 

.VARIATION OF Log (k.a.) WITH TEMPERATURE 
THE SYSTEM IS AS FOLLOWS: UO 2 (N0 3 ) 2 0.21 M -

HN03 2.0 M - 30 % TBP IN TPH (PROGIL). 
-ROTATION. RATES: 1100 AND 2300 rpm -


