CHAPTER IV

MODEL DEVELOPMENT AND EXPERIMENT

This chapter presents the model development and experimental section. The
models are separated to two parts, the first is once through operating mode and the last is

recycling mode.

4.1 Model developme

In this work, the h _ w ists of an aqueous feed

AN

solution containing copper ( ‘ 5 F \\ de of a hollow fiber supported

bis(2-ethylhexyl) phosphoric

acid in kerosene, D2EHPA) an extractant/«f] o in the shell side. The flow
L .
between the tube side and the shell sid - ent flow.
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including aqueous layer di olution, interfacial chemical

reaction and membrane dif 1on

The reactloﬂu gJ ’apxla ni)ﬂiﬂ’lufl]eljsene occurs at the
R JUUMINYNAY

cu2+ +2(RH), < CuR,-2RH +2H* (4.1)
(C+2E< P+2H)

where RH represents D2EHPA and CuR, - 2RH is the copper-ion complex.
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The forward and reverse reaction rates are expressed as (Chien-Yeh Shiau and

Pai-Zon Chen, 1993):

Forward reaction rate = kf(C-EZ/H2 - P/Ke,)
Reverse reaction rate = k(P/Keq - C-EZ/HZ)

where kg is the forward reaction rate constant and Keq is the equilibrium constant.
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Figure 4.1 Concentration profile of reactive species for the extraction of copper

ion with D2EHPA in hollow fiber.
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Figure 4.1 shows the concentration profile of the various species around the
hollow fiber. When an aqueous feed solution containing copper ions flow through the
lumen of a hollow fiber supported liquid membrane, the copper ions are continuously
extracted by the extractant(D2EHPA in kerosrne) present in the membrane phase, causing
the copper ion concentration of the feed solution to gradually decrease along the hollow
fiber.

To develop the model , the massy ps include the diffusion of copper-ion
in feed stagnant layer, the reaction bersion and extractant to form the
corresponding complexes at f; eﬁdiffusion of the copper-ion

complexes within the me 7 ayer, the reaction between the copper-ion
" NN ooy
complex and hydrogen ion - it the membrane-stripping interface

: i \\:'\\\ ayer are considered. The
i\

and the diffusion of cop

sfers e X\\- s follows:

Step 1. Due to the drivin 1c/comc \,si gradient, the copper-ions in

the aqueous feed solution pe roioh anfagueous feed layer formed along the
2 '

hollow fiber wall and move toward the liguic membrane. The mass transfer rate of the

copper ions can be generally repre
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- 4 m (4.2)
where k; is ﬁﬂﬂﬁ?ﬂsﬁ ﬂnﬁ%’ w ﬂﬁﬂ.‘i the aqueous feed
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present in the membrane phase to form copper complexes. The reaction rate of the copper

complexes is

2
B k{C_E_P_} )
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Step 3. The copper complexes formed at the feed-membrane interface then diffuse
across the membrane toward the other side. By assuming a linear concentration profile in
the membrane, the mass transfer rate of the copper complexes in the membrane can now

be expressed as :

J3 = km (Pl.\‘ e })2.:) (44)

where ky, is the mass transfer coeffic i the copper complex in the membrane
phase.

Step 4. At the memb pper ions are stripped from the

—

copper complexes by the re§ ‘:\ in the stripping phase. The

reaction rate is
(4.5)

Step 5. The stripped copper ian hrough an aqueous stagnant layer
o

outside the hollow fiber &

d Lhe mass transfer rate is

4

expressed as

|
i i¥

=k,(Cy, - C) (4.6)

ﬂ‘IJEI’JVIEWlﬁWEﬂﬂi

where k, is t mass transfer cgefficient ofAhe copper-lond\ the stripping
ouien - AWIANNIUNNRTINE T E
9

At steady state, all the mass transfer rate are equal, there for

Ji=J,=J,=J0,=0,=] (4.7)
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The additional constrains for the system are

2C, +H, =2C,, + H,, =2C,y +H,, (4.8)
2C,+H, =2C,, +H,, = H,, (4.9)
2P, +E,, =2P,, +E,, =E, (4.10)

4.1.2 Modeling of copper-ion e for the once through mode

operation

The once-trough mode

concentration of copper ion ' fac hollow fibcrean be obtained by making an

Figure 4.2 Schematicdiagram of hollowafiber liquid membrane run in the once

U NENINENTTS
AR SRR G &

2. All physical and transport properties are constant during the entire extraction

process operation.
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3. Except in the aqueous stagnant layer which forms along the fiber wall, the
concentration profile of copper ions in the fiber lumen is flat at any axial
position.

4. The solubility of D2EHPA in stripping solutions is considers to be negligibly
small, so the total amounts of D2EHPA in the membrane phase is kept
constant.

5. Pseudo steady state operation.

Based on these assumptions, @ rial b uatlon for the copper ions of the

feed solution over an element sg 2! rn‘@

: .
—0) = _ 4.11
o, T : \ (4.11)
- 4.12)
where Qs is the volumetric flow- I' Olutions, J is mass transfer rate of

Cu™ for any axial position-in the

.-_y_,. = : )
Mass transfer rate of €9ppe ca ’,, e obtained by solving sets
4

of equation (4.2) — (4.10) by us 'ng least square method

4.1.3 Modeﬂ y;;!per-mn extr;chllon y gelrecyc -E mode operation
For ok BR TR0 NEIRL, .

shown in ﬁgure 4.3.

From the figure 4.3, the following material balance equation for copper ion
extraction across the supported liquid membrane module can be formulated for the feed

side as :
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dc, |
V,—1=0,(C,~C,) (4.12)

[Cl.a =[C], —%{[C,-], -[C,],}At (4.13)
s

where V¢ is liquid volume of feed solution in feed tank,

Feed inlet
G

Feed outlet

(o}

Str o pi %§ tripping
= inlet
Q - \\Q’ -

7/ER NN

Figure 4.3 Schematic diagram efhollowdfiber liquid membrane run in the

recycling througly

To ,,—-J--m":"-""\ i hollow fiber supported

liquid membrane, the te = Opos . It is defined as the

. e from the feed Sdlutlon

ﬂ‘lJEl’J‘l’IEWlil’ﬂEﬂﬂi

Removal efficiency (%) =

QRIAINTUNRTINYIA Y

4.1.3 I&odel validation

percentage of copper-ion re

(4.14)

In order to check the validity of the proposed model for extraction of

copper-ion in hollow fiber module, two tools were used as follow
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L, The removal efficiency of copper ion in feed solution was
compared with previous experimental results (Itsara, 1998). The absolute error
percentage of removal efficiency of copper-ion in feed solution between experimental

results and model calculation was proposed. It is define as

2+ qyexp _ 2+ yeal
Absolute error (%) = i[Cu [] C 2,,55:‘ ]
U

leOO (4.15)

een calculated and measured

SD(% [ (4.16)

4.2 Reagents and App

4.2.1 Reagents

B Aise ‘ hollow fiber supported

liquid membrane are listed below.

cﬁlil&ﬁil m.,umsmsm na

25 Sul ric acid

abmmnw HHIINA

%. kerosene

All reagen
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4.2.2 Apparatus
Apparatus for extraction of copper ion can be listed as follows:
1. Liqui-Cel Laboratory was purchased from Hoechst Celanese

Corporation. This apparatus composes of 2 pumps, 2 pressure gauges, 2 pump speed

control and 2 flowmeters as indicated in figure 4.4

34 er_was hou on@mment Company (model HI

4. 16" abse \\:“ \ rophotometer came from
Shimazu Company (model L 7 AN '

3. AA spe
UNICAM 898 QZ).

n Unicam Company (model

Figure 4.4  Liqui-Cel Laboratory (Hoechst Celanese Corporation)



38

Table 4.1 Characteristics of the hollow fiber module used for extraction experiments

(Hoechst Celanese Corporation, 1995)

Shell character
material - | polypropylene
length 20.3 cm
inner diameter [6.3cm

outer diameter

Fiber characteristics

material =30'polypropylene hollow fiber

number of fibe -
effective len

inner diamet:
outer diamet

effective surfac

membrane tortuosity

operating tempera

The highes - pressure drop |

across the me nibrane
A

AULINENINYINg
ARIAATUAMINAE
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4.3 Simulation Procedures

The mathematics models, which previously developed, are used for
studying the parameters that will affect the copper ion extraction. This parameters are
copper ion concentration in feed solution, D2EHPA concentration, hydrogen ion
concentrations in stripping solution, pH of feed solution and volumetric flow rate in feed

solution. The removal efficiency of copper ion is used to compare the effect of

2

In this researc iménts -z ated to 2 parts. The first is

parameters.

copper ion extraction for o

e operat -~ the last is recycle mode
operation. ' \
43.1 Once Throu ’

For once throug ’ \ bed in the microporous walls of
h

hollow fiber. The feed solution e tube side and the stripping

solution on the shell side of the hollow fiber n
r J-"H" it‘ ‘-:'

solution and stripping solution is ;

ile. The type of flow between feed

— Y

i
sae

1. The effectdf D m%brane solution

1. “,. ﬁ iQnfi ﬁed solution was 100
ppm, pH in feed sol@ml ﬁc flow rﬁmgunon was 200 ml/min,
D2EHPA conge ion is.2 v i cﬁr 0D, i riﬁ( olution was
0.1 mol/L angc{rﬁl ﬁﬁe@ﬁﬁoﬁﬂmmﬁ WH" ‘EIS

! 1.2 The copper permeation flux were calculated by solving sets of
equation (4.2) — (4.10) simultaneously. The copper ion concentration and removal

efficiency of copper ion in feed solution were determined by solving equations (4.11) and

(4.14), respectively. The Ax used in the model were 1, 2 and 5 cm.
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1.3 D2EHPA concentration was changed from 2 % to 3, 4, S, 10, 15,
20,25, 35,50 and 75 %. The procedures were repeated from step 1.1 to step 1.2.

1.4 The copper ion concentration in feed solution was change from
100 ppm to 10, 50, 300, 500 and 1,000 ppm. The procedures were repeated from step 1.1

to step 1.3. The Ax used in the model was 1 cm.

The values of parameters used for calculation of the permeation flux of

s

Table 4.2 Values of parameterssised-ic ‘ ldhe permeation flux of copper

ion with D2EHPA s ﬁ-

Di .r
Solute/medium / 3

copper ion are shown in Table 4.2.

\\: ass transfer coefficient
‘a

\
Cu**/feed phase \\ 75 % 10° m/s
Cu**/stripping phase 0 9 6.27 x 107 m/s
copper ion complex/kerosene 6.69 x 107 m/s
forward and reward reactionraté 1~ = - 80 x.10% m

equilibrium constant ;* _—ﬁx:" o

- M
i ‘ ¥

ﬂumwﬂmwmm
ammﬂ‘imumfawmaa
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2. The effect of copper ion concentration in feed solution

2.1 At the start, the copper ion concentration in feed solution was 10
ppm, pH in feed solution was 7, volumetric flow rate of feed solution was 200 ml/min,
D2EHPA concentration is 2 % v/v, hydrogen ion concentration in stripping solution was
0.1 mol/L and liquid volume of feed solution was 10 L.

2.2 The copper permeation flux were calculated by solving sets of

equation (4.2) — (4.10) simultaneously." er ion concentration and removal

efficiency of copper ion in feed solution were d by solving equations (4.11) and

2.3 The c centration in- lution was change from 10
ppm to 50, 100, 300, 500 and 1,000

cd \ c repeated from step 2.1 to
step 2.2. . .
2.4 D2EHRA ration-w: *' 6m 2 % to S, 10, 15, 20, 25,
35, 50 and 75 %. The procedugés : Ao step 2.3.

3. The effect pH igffeedsshuti

S = 2l

3.1 At the start; ¢ vion' ation.in feed solution was 100

—"-?".-—_.-i_‘

ppm, pH in feed solution ution was 200 ml/min,
D2EHPA concentration is 2% v/ - atiﬂ in stripping solution was

0.1 mol/L and liquid volume of feed solution was 10 L.

3: ‘n ] i o ' ted’ by solving sets of
equation (4.2) - (4ﬂ;uﬂniﬂlﬂmﬁ;mmﬂe§mﬁon and removal
efficiency of copper,ion in fe 1 '(ﬁ: in Vi eﬁ' s (4.11) and
(4.14), respec eﬁ'ﬁi a ﬁiﬁn‘% iivm ﬁ%oﬂﬁ Er

! 3.3 pH in feed solution was change from 7 to 1, 2, 3, 4, 5, 6 and 8.
The procedures were repeated from step 3.1 to step 3.2.

3.4 D2EHPA concentration was changed from 2 % to 5, 10, 15, 20, 25

%. The procedures were repeated from step 3.1 to step 3.3.
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4. The effect of hydrogen ion concentration in stripping solution

4.1 At the start, the copper ion concentration in feed solution was 100
ppm, pH in feed solution was 7, volumetric flow rate of feed solution was 200 ml/min,
D2EHPA concentration is 2 % v/v, hydrogen ion concentration in stripping solution was
0.1 mol/L and liquid volume of feed solution was 10 L.

4.2 The copper permeation flux were calculated by solving sets of
equation (4.2) — (4.10) simultaneous y., Th r ion concentration and removal
efficiency of copper ion in feed solution we e by solving equations (4.11) and

(4.14), respectively. The Ax usedin-tlic-mode cﬁ

10’5, 10'4, 10’3, 10'2, 1 and ares were repeated from step 4.1 to step
4.2. L

%. The procedures were re;;e
5. The effect of t tmetric Blow rate in feed solution

5.1 At the startgfic Gopperiofn' ¢ ationein feed solution was 100

ppm, pH in feed solution V 7, volumetric flow r i-60lution was 200 ml/min,
D2EHPA concentration is 2% atml in stripping solution was

0.1 mol/L and liquid volume of feed solution was 10 L.

5 fa i " ‘ téd by solving sets of
equation (4.2) — (ﬂﬂﬁ:&:ﬂﬁm mﬂmegration and removal
efficiency of copper,ion in feed solutio vf 'nﬁ solvi cﬁ‘g' s(4.11) and
(4.14), respec’a‘i;ﬁ'aaﬁﬁnﬁﬁuﬁﬂm chwl . gl

5.3 The volumetric flow rate in feed solution was changed from 200 to
5, 10, 50, 100, 500 and 1000 ml/min. The procedures were repeated from step 5.1 to step
5.2

5.4 D2EHPA concentration was changed from 2 % to 5, 10, 15, 20, 25

%. The procedures were repeated from step 5.1 to step 5.3.
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The mass transfer coefficient of copper ion in feed and stripping solution

for various volumetric flow rate shown in table 4.3.

Table 4.3 The mass transfer coefficient of'copper ion in feed and stripping solution

Volumetric flow rate
in feed solution

(ml/min)

Mass transfer coefficient
(m/s)

Stripping side (ko)

6.27x107
6.27x107
6.27x107
27x107
I Ne27x107
AN 6.27x107
\ 6.27x107
6.27x107
6.27x107

e 7
7xlO

i
|

i¥

AULINENINYINg

ARIANTAUNIINGIAE
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4.3.2 Recycling Mode Operation

For the recycling mode, both feed solution and stripping solution are
recycled, as shown in figure 4.3. Two parameters were studied in this mode, the first was
circulation rate of feed solution and the last was circulation time. The experimental

procedures for this mode can be listed as below

2. The exitin® coppe entration (€,) from the hollow fiber for

each cycle path was obtaine (4.10), the time course of

Ci can then be obtained by si AT | s _‘ o equatior _.13) and sets of equation
(4.2) - (4.10). | | \\

3. The volumetrigiflaliiatias i g 1 was changed from 200 to 50,
100, 400 and 600 ml/min. The profeduseswere répeated from 1 to 2.

U
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