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APPENDIX A

MASS TRANSFER COEFFICIENT DETERMINATION

A.1 The mass transfer coefficient in the aqueous phase for the tube

side, k;

In this process,.the physical of water are calculated as the

N DECA -\ er ions in aqueous solution are

physical properties of aqu
diluted.

A.1.1 Calculatio

The Reynolds{Re)w

Re = 24
y7i

(A.1)

where d.As 45 ’ 0* m

F"

|
Q ) he vorim® side = 3.33 x 10 m’/s

aVE S
ammmﬂmmwm%‘a

N is the number of fibers in module = 10,000 tubes

oW rate in tube-

A is the cross section area of tube

3.33x10°

-4
10,0007 x (zi"zi)2
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=73x%x 107 m/s

1000x7.3x1073 x2.4x10™*

Re =
9.5x10™

=1.84

A.1.2 Calculation of mass transfer coefficient, k;

Due to the Reynolds number in the tube side is less than 10, hence the

k;, = (A2)

in this ¢ ¢ 1nne s of tube, L is effective length of the
module and the diffusivi Fion'mm lution D is estimated by the
Hayduk-Minhas equation & T

.. (A.3)

m, = (A4)

7’ ﬂﬁcopper ion and water,

respectively. V, ﬂhe molar volume of solute A at 1ts normal b01lmg point(cm*/mol), T

TR TR AN YY"

V, =711 cm’mol, T =298 K, 7, =0.95 cP
=(9.58/7.11 )-1.12 =0.2274
D =1.25 x107°(7.11*" - 0,292)298 1% ;g5 12214

=2.83 x 10° cm¥s =2.83 x 10° m%s
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Equation(A.3) will be used. The quantities for substitution are

D=2383x 10" m%s, r,=1.2x 10*m,v=73 x 10° m/s, L=0.193 m

p _1.62x283x107 (4x(12x107)? x7.3x107 )"
i 2x1.2x107* 2.83x107° x0.193

k, =1.746 x 10~ m/s

A.2  The mass transfer coefficie e membrane, k;,

k, = (A.S)

where ¢gan .“ 0Sit tortuosity of the membrane,
respectively. D is the difflisivi coppor complex in liguid membrane.

In liquid membraide=phase,” IPA" is diluted by kerosene. In this

solution, the solute is very di properties of membrane phase are

substituted with kerose; e -
T /.
The diffasiyi -ﬂr‘;g cmbrane is estimated by

M RN TRYING
ARANIRTUNNITNHA AL compir an

membrane phase, respectively. where P, and P, are parachors for the solute and solvent.

Equation (A.6) will be used. The quantities for substitution are

, =791.5, Py=511,7,=7.46 x 107, V, = 278.5 cm®mol,T = 298 K
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_ 155 =16 =298 "5 179157
(146 %107 )" =278 5"

D

AB

=293 x10%cm%s =2.93 x 10" m%s

The mass transfer coefficient in the membrane is calculated by eq. (A.5)

The quantities for substitution are

£=04, r=225, D22 s, r,.=1.2x 10*m

ieous phase for the shell

dyk, L ________ ,,,,, A f(v/ D) (A7)
7 Y

dematic viscosity of the medivn and gis the fiber packing
density within th ﬂ: ﬁ 1 ‘ ﬂﬁa»j‘ﬁﬁow rate divided by the
cross sectional flow, area."d , lﬂ a ic diametér o shell, defined as the cross
TR Iny 8

A.3.1 Calculation of «

where vis the

shell

(A.8)

umbe -

> |



A =R} -Nr})
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(A9)

in which R, is the inner radius of shell and N is the number of fiber.

B 1.33x10°°
7[(3.15 x 107%)* = 10000 (1.5 x 107*)]

u tube

= 1.4 x 107 m/s

(A.10)

A.3.3 Calculation of tt \ oft coefficient in the shell side, k,

-

/ 7 _—
k, =5.8(1 = 6)(d,, / LYy o5 *D1d,)
BN T

(A.11)

= 5.8(1 - 0.1 R R 107 )
' U9 92x10 ) (283 x 10

=6.114x 107 M
AULINENINYINS
ARIANTAUNIINGIAE

2.83% 107"
0.001



B.1

B.2

APPENDIX B

THE PROPERTIES OF COPPER

Atomic Structure

Atomic radius: 1.57 °A

Atomic volume: 7.1 cm”/n ;

Crystal structure: ¢

Electron config

Number of neutrons:
Number of protons:

Oxidation states: 2, 1

Chemical pr; y ----- 92"

H ')
Electrochemical E u1valent 1.1855 g/amp -hr

Ei:i::i:eﬂﬁ“ﬁf':“ﬂ BNITNEINT
AWTEATnlun1INng0 A

Iomzatlon potential
First: 7.726
Second: 20.292
Third: 36.83

Valance electron potential(-eV): 34



B.3  Physical properties

Atomic mass average: 63.546
Boiling point: 2567 °C
Coefficient of linear thermal expansion: 1.66x10> cm/cm-°C
Conductivity o
Electrical: 5.69 x107 /cm £

Flammability class:vn - h__ uble; exeept as dust)

Hardness scale ‘
Brinell; 874
Mohs: § M
Vickers: 369 M

Heat of vaporizations 300.3 kJ/mole

Memngpﬂ‘w%lﬁ’ﬁ’lﬂﬂﬁﬂ BIn%

Optical ref“:tnvxty 90 %

AR ﬁ\‘mﬁ‘mﬂm 1INYAY

Vapor pressure: 0.0505 Pa at melting point
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APPENDIX C

LEAST SQUARES METHOD

The method of least squares is used to solve a set of linear equations having more

equations than unknown variables. Si

ton rather, the process minimizes the

here are more equations than variables, the
solution will not be exactly corr I

sum of the squares of the resi very powerful and can be applied

to numerous apPlicationS-7 "'"H,

In the general case Pagtssquar s od_ 15 often used to solve a set of non-
J arized. Using
{ = NN

guess for the solution. The non-

linear equations that have order Taylor-series expansion.

Solving non-linear equati®ns S an i " /e, proge ewton’s method. The speed of
convergence is dependengfon quagvy- an |l g
linear least-squares methodis ofte EH‘ edito as ? \ dle adjustment since all of the

values of an initial guess of thg'sol gether (adjusted in a bundle). This

technique is also occasionally refert th ss-Newton method.

C.1  General Technidue ¥

The gene lﬂﬂmwﬂmﬁt of equations for a set
of unknowns. Th ﬁ gt t'thére’ a any equations as there

IR TN INGIAY

If the equations are linear, the least-squares process will produce a direct solution
for the unknowns. If the equations are not linear, an initial guess of the unknowns is
required, and the result is an adjustment to the initial parameters. This is repeated until

the results converge (the adjustments become very close to zero). The linear case is an

adjustment using zero as the initial guess of all parameters.
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The process requires a set of equations with the unknowns on one side and some

known quantity on the other. Let x; be the set of unknowns, and let the equations be of the

form
Fi(x1.%2.23,...) = ki (C.1)
where k; is the observation (value) whose least-squares error will be minimized.
Since there are more equations tha yhsy the solution of the unknowns will not be

e CGuaBaE, (x), x5, x3,.. .), will not generate the

exact observation value, N e 0 theﬁ between the evaluated equation

There is typic ion. In photogrammetry, this

might be one equation e equation for each y pixel

e unknowns in it.

The Jacobian matrix, hedmat I1 ; 1al differentials of each equation

;_ S
] °

L] %ﬂgﬁ'ﬁ" N9

’QW'WI ATMUAIINYIAY

In general, the height of the Jacobian matrix will be larger than the width, since

there are more equations than unknowns.
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Furthermore, let the vector K be the vector of the residuals. A residual is the
difference between the observation and the equation calculated using the initial values.
That is

ki — F (x5 X595 X395-+-)
K ky, — Fy (395 X595 X35 - ) (C.3)
ky = Fy (X1, X305 X35

One further parametef'is This is a matrix which includes
the expected confidenc ludes any dependence of the
equations. A larger v sases the importance of the
corresponding equatio onfidence). It is a square
iagonal contains the weights of
the individual equations, wifle ghe off uagonal entries are the dependencies of equations
upon one another. If all”of bservationshate indepe dent, this will be a diagonal
matrix. The cofactor matrix; ( chriversa ¢ the weighting matrix (i.e., Q=W").

Let x;0 be an initial guess-fo! The initial guesses can have any
finite real value, butwy ‘._'.';;.‘-;;a_f:.';;_q..;‘.‘....u._............‘.i guesses are close to the

solution. Also, letXbe ne v 4 ,at Is
u

waw%ﬂaﬂni
QRN zuumqwmaa

It is desirable to solve for the adjustment values, DX. This is the vector of

(C.4)

adjustments for the unknowns
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AX = (C.5)

where, based on the initial guess, X, and an adjustment, DX, a set of new values

are computed

(C.6)
To solve for DX,

(C.7)
The normal matri

(C.8)

. - T . .
and the covariance matr ig-::_.&ﬂ; erred to as the variance-covariance

. : TR
matrix), Q. is defined as A

-
k.
i~ |.' d
s

(C.9)

¥

J
the mat:ifxthe Weiatiﬁ.ﬁr? WWWDﬂoﬁm by row reduction of
QMBI TN




T

i 2 (
oF, oF. OF, oF o oF
=D Sl il AP s b Tl L(k,~F, K X
Z( ox, W‘J Z(GX. ox, W') Zf:(ax] ox, w'] Z\ax] = Fios s
OF, OF OF? OF OF, ( 6F
— el il il 87 k F R A
,Z[axl Ox, W,) Z( 0x, W,) Zi:[axz Ox, W.) 'Z\a : 1o s
OF OF oF OF OF? (oF,
IZ(__«__'W') Z(EZG—JC;W'J Zi:(_'wi] ‘Z\axg (e = B s s B

(C.10)

e weighting matrix. Note that

ution of the adjustment matrix,

(C.11)

or

L)

,-4s"the initial guesses until the
T

I

The process is v_‘
i

adjustments are close to z¢

e LU NI S WA DTt ot o e

absolute magmtudg'lof the value it is adjusting, i.e., , < Xio e, whegere is a small value.
The actuaa Wq ﬁ@ﬁ% ma%“ q ’}nﬁ&ljcﬁ}ﬂd its of precision
used in the &alculations. Typically, the order of magnitude of e will be a few less than the
number of digits of precision. For example, if the calculations are done on a computer
using standard double precision (8-byte) values, the computer can hold around 15 digits

of precision; therefore e is about 1072,

.))w,.)
)
)

|
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C.2  Potential Problems

There are conditions where the solution will not converge or will converge to
undesirable values. This process finds a local minimum. As such, there may be a better
solution than the one found. A solution is dependent on the equations, Fi(x;,x,x3,...),
being continuous in x,x,x3,.... The first and second derivatives do not need to be
continuous, but if the equations are not continuous, there is no guaranty that the process

will converge. Also, in certain circumstancgs even if the equations are continuous, the

solution may not converge. This ean happer first and second derivatives of the

In any case where the / \ ’lution may still be able to be
obtained if different sta o e

C.3 Linear Techni

process will produce a direct

solution for the unknowns. The'linearease is mathematically the same as the general case
where an adjustment is performed USing zero @s the initial guess of all parameters. Only a
single iteration is required f T | )

=Y
The equations mﬁ be of the m

HUHINBNTHIING e
ARTEATIRAINY 1A

s 2 (C.13)
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where a;; is the ith coefficient of the Jth equation.

Since the initial guesses are all zero, the vector of residuals, K, is

K= (C.14)

the matrix

Z(alikiwi)
Z(aliazi ¢ Y "' W) = \ ‘Z(azikiwi)
Z(ah‘a;i . ;" p \ lZa3,.k,.w,.

(C.15)

(C.16)

C.4  Error Residuals, EMipsoids, and Confidenc

AUYINENITWYINS

The covarlﬂce matrix, Q, contains the rlance of eac h_unknown and the

oo Q) PG TN B e o

reference vafiance. This reference variance, So , is related to the weighting matrix and the

residuals by the equation

(C.17)



80

where r is the number of degrees of freedom (i.e., the number of equations minus

the number of unknowns).

For any set of quantities, an error ellipse can be calculated. The dimensions and
orientations of the ellipse are calculated from the coefficients of the covariance matrix.
Only the coefficients of the covariance matrix in the relevant rows and columns are used.

This is the appropriate n x n sub-matrix, where n is the number of dimensions for the

A

The ellipse matrix 1S _COmiposeddof @m the covariance matrix. For

example, a three-dimcnsi(

(C.18)
where 9., are values '}'—r “covaridnce matrix Q.x, and a, b, and c are the
indices for the unknowns for whi ﬁ s omputed.
The error ellipsg Semi >
: I
ﬂ B € aa/S2ei envalu%xﬁnill] ﬂ ‘j (C.19)

The orlentatlon of the error elh;ﬁe is the column elfenvectorld

ARINNIUANTINETS

détermine the error to a specific confidence level, the length of the semi-axis is

multiplied by a confidence factor based on the Fisher distribution using the formula

S wists = Sais\| 2Fisher(1 - confidence, # of unknown,r)  (C.20)
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where the confidence is a number from 0 to 1, with 1 being complete confidence, and r is

the number of degrees of freedom. The Fisher distribution is determined from the

equation
© v-2)/2
o= F((vl +V2)/2) (i) = (vi+vy)/2 dx (C21)
Fiskerrimmyy LV I 2D, 12){ v, )14 (v, 1v,)x*
where the Gamma function, G(v), is give
(C.22)

AULINENINYINS
ARIANTAUNNINGIAY
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APPENDIX D

FSOLVE TOOLBOX

FSOLVE solves nonlinear equations by a least square method. It solve equations

of the form :

(D.1)

X = FSOLVE(FU sferts At thSlmateix X0 alid tries to solve the equation in
FUN. FUN accepts input :

evaluated at X.

matrix) of equation values F

X=FSOLVE(FBN,X0JOPTIONS)  m itji” the default optimization
parameters replaced b zargument created with the
OPTIMSET function. d op e ay, o@, TolFun, DerivativeCheck,
Diagnostics, Jacobian, Jacoijult JacobPatte‘l} LineSearchType, LevenbergMarquardt,

MaxFunEvals, NﬁIH g’rﬂanﬂaﬁeﬁ% Wﬂ:ﬂ}.ﬁ %rgeScale MaxPCGlter,

PrecondBandWidthy) TolPCG TyplcalX Use the Jacoblan option to specify that FUN

RN 13N 4 1L (130131 e

where J(i,j) is the partial derivative of F(i) with respect to X(j). (Note that the Jacobian J is
the transpose of the gradient of F.)
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X=FSOLVE(FUN,X0,0PTIONS,P1,P2,...) passes the problem-dependent
parameters P1,P2,... directly to the function FUN: FUN(X,P1,P2,...). Pass an empty
matrix for OPTIONS to use the default values.

[X,FVAL]=FSOLVE(FUN,XO,...) returns the value of the objective function at X.

[X FVAL EXITFLAG]—FSOLVE(FUN XO0,...) returns a string EXITFLAG that

0 then thesmaX vt unber of func aluations was reached.

<0 then F

[X,FVAL, EXIT AGF Q LAE ,X0,...) returns a structure
OUTPUT with the numbef of it ' _' Ken in OUTPUT.iterations, the number of
Cou gorithm used in OUTPUT.algorithm,

PUT .cgiterations, and the first-order

function evaluations in O
the number of CG iterations

optimality (if used) in OUTPUT.

[X,FVAL,EX¥ :E::?*?éi‘f‘f?;i;:‘T-"*-F* ----- ‘ - h :(FUN,XO,...) returns the
Jacobian of FUN at X.

|

ﬂ‘iJEl’JVlEW]iWEﬂﬂ‘i
QW'lﬁ\ﬂﬂimMﬁﬂﬂEﬂﬂEJ



APPENDIX E

SIMULATION DATA

- Part 1. Initial concentration of D2ZEHPA variables

Experimental condition
Once-through mode

Feed phase
pH: 7

Volumetri

Initial con 0,800, 500 and 1,000 ppm

Membrane phase
Solvent: kergSe \
Initial conentgit 445,10, 15,20, 25, 35, 50 and 70
% viv ‘

Stripping phase
Initial concentratioti©
Volumesiie fow ra

L
Ax: 1,2 and 5 cm—

=

) U
AULINENINYINT
RN TUNIINGIAE



85

Table E.1  Calculation of removal efficiency percentage of copper-ion extraction at

various initial concentrations of D2EHPA and Ax

Ax=1cm Ax =2 cm AX=5cm
%D2EHPA . Cs Co
% Remove % Remove % Remove
(ppm) (ppm) (ppm)
2 73.78 26.22 . 68.92 31.08 30.46 69.54
3 70.39 29.61. 39.73 16.53 83.47
4 60.94 ( 54.43 0 100
5 52.94 = G ™ g 3> 0 100
10 20.68 ' | 0 100
15 0 100
20 0 100
25 0 100

Table E.2  Calculation of re i€ncy percentage of copper-ion extraction at
| \ E

various initial ¢ IPA (Ax =1 cm, C'= 10, 50 and 100

ppm)
> _____ 0-ppm C" =100 ppm
%D2EHPA | C, G,
H % , % %nove % Remove
(ppm) (ppm) (ppm)

2 THRE % Al 7378 | 2622
5 ﬁ)utﬂ ﬁﬁ EJ 104 Pi]sﬁ‘j 5294 | 47.06
10 | 100 ¢ 0 . 100 | @068 79.32
s ARININFUNAINGNRY | o
20 9 0 100 0 100 0 100
55 0 100 0 100 0 100
35 0 100 0 100 0 100
50 0 100 0 100 0 100
75 0 100 0 100 0 100




Table E.3

86

Calculation of removal efficiency percentage of copper-ion extraction at

various initial concentrations of D2EHPA (Ax = 1| cm, Ccf= 300, 500 and

1000 ppm)
C'=300 ppm C"=500 ppm C"= 1000 ppm
%D2EHPA c & =
% Remove % Remove % Remove
(ppm) (ppm) (ppm)

) 272.04 9. 7.30 949.40 5.08
5 252.06 1123 | 919.90 8.81
10 215.55 862.50 13.75
15 157.47 822.40 17.67
20 111.21 : 787.90 21.21
25 81.42 )t 757.50 | 2425
35 73.47 g, 69090 | 3091
50 46.68 '&‘: 610.90 | 3891
75 0 2 490.80 |  50.92

AULINENINYINT

[+
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Part 2. Initial concentration of copper ion in feed solution variables

Experimental condition
Once-through mode
Feed phase
pH: 7

Volumetric flow rate: 200 ml/min

Initial concentration of 50
Membrane phase

Solvent: kerosen
5, 20, 25, 35, 50 and 70 % v/v

“

Initial con

Stripping phase

AXE 1

ntage of copper-ion extraction at

Table E.4 Calculation of

various initial concéntrations er-ion in feed solution (Ax = 1 cm,

TR
Bo = 2, : n

. Bo 2R % o VI Bo=10% v/v

c , .
Co CO
(ppm) %ﬂemove i % Remove
mm;;qgl wwﬁ i

10 Tgl6™ 100
o A T ANTTIEN hm‘swm ?;;!
100 3 ¥ ¥ @o 79.32
300 272.04 9.32 252.06 15.98 215.55 28.15
500 463.50 7.30 443 .85 11.23 396.30 20.74
1000 949.20 5.08 911.90 8.81 862.50 13.75
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Table E.5  Calculation of removal efficiency percentage of copper-ion extraction at

various initial concentrations of copper-ion in feed solution (Ax = 1 cm,

Bo =15, 20 and 25 % v/v)

: Bo=15% viv Bo =20 % viv Bo =25 % viv
¢ ; & Cs
(ppm) % Remove % Remove % Remove
(ppm) (ppm) (ppm)
10 0 100 0 100
50 0 0 100
100 0 . | 0 100
300 157.47 7l alr2n : 81.42 72.86
500 386.30 _ '/ 324.30. .. 35. 301.00 39.80
1000 822.404% 7404 [, | 118790 . 757.50 | 24.25

Table E.6  Calculation of remov peércentage of copper-ion extraction at

various initial gonce ion in feed solution (Ax =1 cm,

Bo=35,50and 7

cf R4 -
(ppm) S J % Remove | % “U ove = % Remove
(ppm) | ¢ o (Rpm) (ppm)
10 a] a} ' ’ {/ w ’](ﬂ‘j 0 100
50 90 100 0 100 0 100

¢ o
oA WIAND I NiAD Vjﬂﬁhﬂ o
300 B 7 éﬁ : 1" 46.68 4. 100
500 178.45 64.31 143.85 7123 0 100

1000 690.90 3091 610.90 38.91 490.80 50.92
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Part 3. pH in feed solution variables

Experimental condition
Once-through mode
Feed phase
P, 05,456,778

Volumetric flow rate: 200 ml/min

Initial concentration

Membrane phase
Initial con EHE 5,20 and 25 % v/v
Stripping phase
Initial ¢
Ax: 1

Table E.7 Calculation of créentage of copper-ion extraction at

various pH in feed § / cm, Bo=2,5 and 10 % v/v)
, Bo=10 % v/v
pH in feed Al
] Go il rh' Co
solution % Remove % Remove % Remove
(ppm) (p m) (ppm)
AR AERET e
2 00 97.08 2.92
. Q' ﬁléw SUNEAT WEJ'I&m
4 ql WSS. ﬂl 28 . 39.37
5 84.70 15.30 62.95 37.05 36.16 63.84
6 82.16 17.84 52.73 47.27 21.00 79.00
7 73.78 206,22 52.61 47.39 20.68 79.32
8 74.05 25.95 52.67 47.33 22.45 1135




Table E.8

90

Calculation of removal efficiency percentage of copper-ion extraction at

various pH in feed solution (Ax =1 cm, Bo = 15, 20 and 25 % v/v)

Bo=15 % v/v Bo =20 % v/v Bo =25 % viv
pH in feed
) Cs G5 Co
solution % Remove % Remove % Remove
(ppm) (ppm) (ppm)

1 99.97 0.03 99.62 0.38 99.48 0.52
2 93.59 9.09 86.54 13.46
3 57.78 43.95 44.57 55.43
4 49.27 5.75 40.70 59.30
5 36.63 18.58 81.42
6 100
7 100
8 100

AULINENINYINT
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Part 4. Hydrogen ion in stripping solution variables

Experimental condition
Once-through mode
Feed phase
pH: 7

Volumetric flow rate: 200 ml/min

Tiitial s PD2EHPA 2, 5 T0M5, 20 and 25 % v/v
’ . 5 y . \
Stripping phase

Initial ¢ =107 10%. 10402, 0.1, 1 and 10 mol/l
Volumetr Jmi
Ax: 1
Table E.9  Calculation of e, ffu i per entage of copper-ion extraction at

in stripping solution (Ax =1 cm,

B() = 2, . _an f :
—— Y]
H" in stripping Bo =2 % %o I Bo =10 % v/v
solution Cs ' Co Cs
(mol/l) aﬂemove o/ % Remove % Remove
mo " *® - (] :.. :, ]
muq) 21 Y18 ‘; NEINT1Q (ppm)
107 400 0 00 0 100 0
¢ 4
10* . . 1 , : ' arl 851 ~ 7 .
ARIANASMUIR Y uEEE | 2
10° . '8 5 24 ! : 57.97
107 76.38 23.62 66.41 33.59 25.78 74.22
0.1 73.78 26.22 53.94 46.06 20.68 79.32
1 73.57 26.43 32,92 47.08 20.63 79.37
10 337 26.43 52.22 47.78 20.63 1937
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Table E.10  Calculation of removal efficiency percentage of copper-ion extraction at

various hydrogen ion concentration in stripping solution (Ax =1 cm,
Bo =15, 20 and 25 % v/v)
H" in stripping Bo=15% v/v Bo =20 % v/v Bo =25 % viv
solution Co Co s
% Remove % Remove % Remove
(mol/l) (ppm) (ppm) (ppm)
107 100 0 100 0
10* 98.03 4.57 94.92 5.08
10 43.03 5.39 94.61
10 0 0 100
0.1 0 0 100
1 0 0 100
10 0 0 100

AULINENINYINT
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Part 5. Volumetric flow rate in feed solution variables

Experimental condition
Once-through mode
Feed phase
pH: 7
Volumetric flow rate: 5, 10, 50, 100, 200, 500 and 1,000 ml/min

Initial con PAT2,5,710;15, 20 and 25 % v/v
Stripping phase ' '

Table E.11  Calculation of er ntage of copper-ion extraction at
i ;
various volumetric fk ate i d solution (Ax=1cm, Bo=2,5 and

10 % v/

)

Volumetric Bo=10 % v/v
flow rate Co

(ml/min) % Remove (opm) % Remove

5 100" 7| o 100

0 _ T 100

50 Q Vllgl r] a gﬂl 100

100 \ 62.64 37.36 26.86 73.14 0 100

200 73.78 26.22 52.94 47.06 19.68 80.32

500 89.71 10.29 77.66 22.34 5927 40.73

1000 93.97 6.03 87.29 12.71 80.02 19.98
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Table E.12  Calculation of removal efficiency percentage of copper-ion extraction at

various volumetric flow rate in feed solution (Ax =1 cm, Bo =15, 20 and

25 % viv)
Volumetric Bo=15% viv Bo =20 % v/v Bo =25 % v/v
flow rate Cs (= G
% Remove % Remove % Remove

(ml/min) (ppm) (ppm) (ppm)
5 0 100 0 100
10 0 0 100
50 0 0 100
100 0 0 100
200 0 l 0 100
500 43.61 I 1571 | 84.29
1000 67.46 ﬂ;; 51.02 | 4898

3|

L,
[

D
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Part 6. Circulating rate in feed solution variables

Experimental condition
Recycling mode
Feed phase
pH: 7

Volumetric flow rate: 50, 100, 200, 400 and 600 ml/min

Initial con

Stripping phase

95

pereentage of copper-ion extraction at

various circulating ra: dsolution (Ax=1cm,t=2,4 and 6 min)

Circulating t=6 min
rate Cs || e : Cs —

(mifmin) | pm) | (ppm) pm) |
50 EI Aj 269.38 | 10.21
100 ﬂ y Iyl ﬁ “ ’lg 230.92 |  23.03
200 . ﬁf‘i éﬁ 2| 3129
400 Q a ﬂ ﬁm ﬁ 7j ﬂgj r] SEJ9 38.34
600 | | 25121 16.42 25129 | 2874 | 173.85 | 42.05
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Table E.14  Calculation of removal efficiency percentage of copper-ion extraction at

various circulating rate in feed solution (Ax=1cm,t=38, 10 and 12 min)

Circulating t=8 min : t=10 min t=12 min
rate Go Cs Es
% Remove % Remove % Remove
(ml/min) | (ppm) (ppm) (ppm)

50 235.71 1474 | 243.06 18.98 231.17 22.94
100 208.77 37.28 170.24 43.25
200 173.47 51.01 121.34 29.55
400 149.43 85.60 71.47
600 134.37 71,55 76.45

13
\Z
:
!
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