Multidisciplinary R&D activities

I AThee T U1 ATl ht wfafa
oO——

ERae! hIgaT YiRId | 3Teliad did fSieel & A1eqH 9 faea yRas
Sl S0 T o el STYSTTE & T1Y i ol foerrd Td gama

. fasm, &, &. g, w. g@ursm
T Yfiferh! AT, MTHT URATY] SITH dhg; (99T %g) Tidl, YaE-400085, TRA

R
WIEel BISeR YefRiel H U aid faieett o SUNT 4 faerraes fAsemsor ugeHor &t digar s
ISR H & U ¢ | 38 Vfehal g1 UTq URATON § &f0r 37t Xthie ol et 4 faae

et STT ebell & | g Wifshar afaTor gfasnie ik e & e faae, aﬁnm%r‘rﬁ
TG § | HohdT & 3T ehed SR AAM A g S e e R A

10 ~-- Prediction 30%TBP
LEEINY
06

o

3

o
04

02

~Ilt A fEieet! o ATeaH @ geadT Uikagd &l Ueh Ared faefaa forar a??rrr:r
E e e e w o MY-ua H, Afee GHIHON i aﬂﬁ%fﬁqmﬁwwgﬁw (STgeTE) aﬂsna
ie e foam T 8 aﬁzﬁrﬁﬁ 9 STt S & U(VI), Pu(iV), Cs(T)

Serdeg d A g (VI) Ao & 07 Cr(V) a1 ieqor febdl 7 @ | ST o 61 i ST S it
Sft. 9. ST, % GT FIE T AT Eﬁ%'s' @-Wﬁﬁé@%ﬁmwﬁaﬁﬁ@w@aﬁ%mmaﬁmﬁmﬁﬁ
TG AT |

Recovery of Metal Values From Lean Raffinates

OO0

Development and Validation of a Code with GUI
to Simulate Solute Transport through Liquid
Membrane Supported in Hollow Fibre Contactor

Smita Mishra*, K. K. Singh, S. Mukhopadhyay
Chemical Engineering Division, Bhabha Atomic Research Centre, Trombay, Mumbai-400085, INDIA

ABSTRACT
1Y oty Solvent extraction using liquid membrane employed in hollow fibre contactor
o B T wemm | is one of the examples of process intensification. Acidic raffinates lean in
ol 1R o metal values, can be efficiently treated with this process. This process is

advantageous in terms of both value recovery and efficient disposal of the
" . raffinate. A mathematical model of the mass transport through liquid
N membrane supported/immobilized in hollow fibre contactor is developed for
00 it . design and scale-up of the process. In the present work, a code with graphical
- user interface (GUI) is developed to solve the model equations and tested for

Validation of the code with GUI for different metal ions viz. U(VI), Pu(lV), Cs(l) and Cr(Vl). The code with GUI
v f ing dat facilitates prediction of the process for different systems of metal ions, their

U(Vi) extraction using data ligands, hydrodynamic conditions and contactor characteristics etc.

KEYWORDS: Graphical user interface, Hollow fibre contactor, Liquid membrane,
Modelling.
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Introduction

Hollow fibre liquid membrane process is beneficial for
treatment of lean acidic raffinates over conventional process
because of its higher interfacial area, non-dispersive contact,
modular design and low solvent inventory. Hollow fibre module
is a shell and tube type mass transfer contactor, in which a
number of thin microporous polymeric fibres are systematically
packed in ashell. Afibre is a thin hollow cylinder with wall made
of microporous polymer. In the mass transfer process
employing hollow fibre contactor, feed flows inside the fibres
and strippant flows on the shell side while organic liquid
membrane resides in the micropores of the fibre wall. Aqueous-
organic interfaces exist at pore mouths. Because of this
configuration, simultaneous extraction and stripping occurs at
these interfaces. The developed model predicts mass transfer
of the metal ion through liquid membrane, for varying
operational parameters, using differential mass balance of the
solute along a single fibre lumen considering fast interfacial
reaction coupled with the solute fluxes through phase
interfaces. The details of the model are discussed elsewhere
[1]. In this work, a graphical user interface (GUI) of the code to
solve the mass transfer model equations is developed. This
work is part of ANUSim module development [2] to facilitate
prediction of solute transport in solvent extraction contactors.

Methods

The source code of GUI is developed in Python 3.0
interpreter. It predicts concentration profile of metal ion on
providing user inputs viz. contactor characteristics (fibre inner
and outer diameters, fibre porosity, tortuosity, fibre wall
thickness and fibre length), flow rates, distribution coefficients
and metal ion diffusivities in aqueous films and organic
membrane. Distribution coefficients of metal ions in organic
liguid membrane are taken from literature [3, 4]. Individual
mass transfer coefficients of feed (aqueous), membrane
(organic) and strip (aqueous) are estimated from the reported
correlations [5-7] using system parameters. Parameters used
for prediction are compiled in Table 1. Experimental data for
validation of the model are taken from literature for U(VI) [8-9],
Pu(lV) [10], Cs(l) [11] and Cr(VI) [12].

The code with GUI shows the progress of the mass transport
with time (t)/ lumen length (z) in terms of concentration profile
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of the metal ion. Mass transfer coefficients are estimated and
displayed in the GUI. Bench-marking of the code with GUI is
done for extraction of different metal ions viz. U(VI), Pu(lV),
Cs(l)and Cr(VI).

Results

Fig.1 presents the result of the case study of uranium
extraction using the GUI code. Fig.1a shows the prediction
made by the model along with the experimental data [8] for
different carrier (TBP/ dodecane) concentrations. As carrier
concentration increases, rate of uranyl ion transport also
increases because of increase in distribution coefficient K,.
Mass transfer coefficient, k,, decreases with increase in
carrier concentration because of increase in viscosity of
organic membrane and therefore beyond certain value,
increase in carrier concentration will not lead to increase in
solute transport in spite of increase in K,. The predictions are
made by using K,and k, accordingly as inputin the code. Fig.1b
presents the plot of model prediction and reported data [9] of
uranium transport for a different system having feed acidity of
3N and different strippant with a different hollow fibre
contactor having different characteristics. Fig.2 shows the
results of plutonium separation for contactor characteristics
and system composition given in Table 1 for which model
predictions are found in agreement with the reported data
[10]. Fig.3 presents the results of the case study of extraction
of cesium. Fig.3a shows the prediction of change in
dimensionless concentration in feed with time for different
feed metal ion concentrations along with the experimental
data [11]. As metal ion concentration increases, free carrier
concentration decreases at the reaction interface, resulting in
decrease in distribution coefficient, K, at equilibrium. This
decrease in K, leads to decrease in rate of transport as shown
in Fig.3a. Model predictions also follow the same trend when
varying input value of K, (shown in Table 1) is used accordingly
while executing the code. Figure 3b shows prediction for
different feed flow rates along with the experimental data [11].
Prediction (Fig.3b) shows no effect of change of flow rate on
metal ion transport (using input of different feed film
coefficient, k; as per different feed flow velocities, v,). Similar
trend of insignificant effect of feed flow rate on extraction has
been observed in the experiments [11] and is attributed to the
transport rate being membrane diffusion controlled. Fig.4
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Fig.1: Validation of the code with GUI for U(VI) extraction for (a) data reported in [8], (b) data reported in [9]. The input parameters for the two cases are

listedin Table 1.
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Table 1: Parameters used for validation case studies

e - “ o
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Fig.2: Validation of the code with GUI for Pu(IV) extraction using reported
data [10]. The input parameters are listed in Table 1.

shows prediction of chromium flux for different feed chromium
concentration with corresponding reported data [12]. As flux is
directly proportional to the concentration gradient, increase in
feed chromium concentration leads to increase in the flux.
Deviation between prediction and data is found ~15% for these
case studies. Deviation between model prediction and data is
calculated as,

P —
Deviation (%) = @Z ‘yE-‘PL-m Yerdm

m=1 V Exptm

Where, p stands for number of data points and y represents
data values. Fig.5 shows the screenshot of the graphical user
interface (GUI). The left side of the GUI is for providing user
input parameters. The lower middle frame provides the tabs for
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Fig.3: Validation of the code with GUI for Cs(l) extraction for (a) different feed metal ion concentrations (data reported in [11]), (b) different feed flow rates
(data reported in [11]). The input parameters are listed in Table 1. Metal ion tracer concentration is 1x10° M.
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Fig.4: Validation of the code with GUI for Cr(VI) extraction using reported
data[12]. The input parameters are listed in Table 1.

Input parameters

Fiber outer radius (cm) 0.05
Fiber inner radius (em) | %
Feed flow rate (ml/min) 3
Strip flow rate (mU/min) | *
Feed volume (cm3)
Distribution coefficient i

6e-06

25

Feed diffusivity (cm2/s)

Organic diffusivity (cm2/s) |#31¢-06
Fiber wall thickness (cm) [ 200¢-04
Effective fiber length (cm) | '”
Fiber porosity 0.7
0.2e-04

Pore diameter (cim)

Fiber tortuosity 2

Number of fibers
Module diameter (cm) 1

20

time, while
lumen.

the feed reservoir and % extraction

lumen. RC mode displays dimensionless feed concentration in

(=100(1-(C/C,))) versus
OT mode displays % extraction versus length of the

ANUSim Module: Supported Liquid Membrane transport in Hollow Fiber Contactor
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Fig.5: Screenshot of the developed graphical user interface (GUI) of the code for simulating solvent extraction in a hollow fiber module.
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Conclusions

Solvent extraction using liquid membrane in hollow fibre
membrane contactor is promising for recovery of metal values
from lean raffinates. Mathematical model of solvent extraction
using liquid membrane in hollow fibre membrane contactor is
beneficial for prediction of mass transport process prior to
experimental runs. In this work, a code with GUIl is developed to
simulate the solvent extraction in hollow fibre membrane
contactor using supported liquid membrane. The GUI provides
the tabs for input parameters to be provided by the user. The
model equations are solved in the background and
concentration profile of metal ion with respect to time or space
are generated. The code with GUI has been validated for
extraction of different metal ions (U(VI), Pu(lV), Cs(l), Cr(VI)))
with absolute average relative deviation between the predicted
and experimental results being ~15%. The code with GUI can
be used for parametric analysis and design and scale-up of the
process for a given separation task to be achieved using hollow
fibre membrane contactor operated in supported liquid
membrane mode.

Nomenclature
C feed concentration Subscript
D - diffusivity o - initial

k - mass transfer coefficient aq - aqueous film

K, - distribution coefficient org - organic in pores
f - feed

m - membrane

| - fibre/ lumen length
v - flow velocity

Re, Sh, Sc - Reynolds, Sherwood, s - strip

Schmidt number
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