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ABTRACT: The aim of thiswork is to devel op software to predict the value of yield and distribution coefficient in the process
of reactive liquid-liquid extraction of chemicals components, using mathematical models expressing these entities, based on
equations equilibrium between organic and aqueous phases, and predict the conditions under which the extraction operation
is favorable, unfavorable or impossible to realize, by studying the variation of the entities cited, based on the parameters
influencing the extraction, which are: initial concentrations, rate of solvent and pH, in the case of a simple extraction
(extraction of neutral products) or when it is reactive (extraction of complex acids or bases) for one or more components.
The programming language used is “ Delphi” which is a very powerful oriented object programming under WWindows.
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1. Introduction

To estimate theyield of theliquid-liquid extraction of achemical compound, and predict the value of itsdistribution coefficient
between organic and aqueous phases are the most critical parameters of the operation of extraction [1], these entities vary
depending on several parameters including the volumes of the two phases, the nature of the medium and of the constituents,
concentrations of the various compounds present in solution as well as the partition coefficients of the substances to be
extracted[2, 3].

M odeling and optimize the extraction process, the computer design of such processesrequiresamodel for chemical liquid-liquid
equilibria of constituents. This topic was widely discussed by many researchers and various solvents and substances have
been studied [4-6].

The objective of our work isto develop software to predict the yield and the distribution coefficient of liquid-liquid extraction
using models expressing these entities[ 7] and to study the influence of various parameters governing the extraction process, to
provide conditionsin which this operation isfavorable, unfavorable or impossiblein the case of asimple extraction (extraction
of neutral products) or when it isreactive (complex extraction, acid or bases), for one or more components[8-10].

The software was compiled using the Delphi programming environment which is a very powerful language programming on
Windows[11].
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2. Presntation of Extract Software

2.1 Presentation of EXTRACT software

EXTRACT software was designed to facilitate calculation of certain parameters for a liquid-liquid extraction, especially to
estimate the yield and distribution coefficients of components to be extracted by cal culations based on computer simulation,
and provide in what conditions the extraction operation of these components is favorable, unfavorable or impossible, by
studying the variation of these entities based on the most parameters influencing the extraction, ie, initial concentrations, rate
of solvent and ligand concentration of complex (pH for acid-base components). The software even allows viewing changesin
these entities by diagrams using a graphical representation [12].

The software is valid for an extraction of one or more components, in the case of a simple extraction (extraction of neutral
products) or when it is reactive (extraction of complex, acids, bases or ampholytes).

EXTRACT software also compilesadatabase containing more than 2000 values of partition coefficients of chemicalscommonly
usedinlaboratories, in awide range of solvents 36 in number, the user can easily view and access the database to modify or add
new substances, other values of partition coefficients, new solvents or other information about these substances, such as:
chemical formula, molecular weight, density, boiling point ... etc..

2.2 Softwareinstallation

EXTRACT software can be easily installed in Windows by double clicking the Setup icon from its installation folder and
following the instructions that appear on the screen. Theicon of the application form of afunnel isautomatically placed in the
start menu of the computer.

2.3 Softwar e description
2.3.1Accesstothesoftware

The application is launched from the icon EXTRACT program, a home screen of the application appears (splash) for afew
seconds and then plug the main menu appears, it looks like the following (Figure 1).

3_} Menu principal du logiciel EXTRACT ' :_)E}f_)

= 2
Accés au programme

% Baze de données

& Partie théorique

£ Aide de EXTRACT

2 A propos

E Fermer

Le logiciel EXTRALCT est valide pour 30 jours. Cliquer sur; www_hadjseyd Ofees net

Figure 1. Main menu of the software EXTRACT

Accessto the program is possible through thefirst button at top Accessto the program, aform entitled Cal cul ation of yield and
distribution rate is enabled, it consists of three separate worksheets: The first case for a simple extraction, the second for a
reactive extraction of single compound and the third for the reactive extraction of amixture. In such case, itisimportant to clarify
first the nature of the extracted compound (acid, base or complex). The inputs entities are: volumes of aqueous and organic
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phases expressed inliters, initial concentration of the extracted substanceinmol / I. The value of pH of the substancein solution
is determined automatically, a message attracts the attention of user that he can change this value and repeat the calculations
whileindicating the optimum valuefor efficient extraction.

Finally accessto agraphical mapping of the parametersinfluencing the extraction isdone by pressing the Graph values of the

distribution coefficients and the yield of extraction at different values of pH are displayed in tabular form as soon as the
worksheet is activated, the variation curves of these entities will be plotted on the plan in pressing graph R or LogK D button.

¥ Calcul des rendements et des taux de distributions I - O X

Extraction simple | Extraction réactive d'un seul constituant | Exztraction réactive de plusieurs constituants ]_

1-Sélectionner le mélange & extraine === |un acide + deux bazes j m Yolume phaze aqueuse Mag
Yolume phaze organique’forg |4

11

&- Entrez lez données concernant chague constituant;
Acidel BaseZ? Based

[C1] [Concent] = 4 (=L c3-= I

K1 [coef.part] = [FR kz- |22 k= M

pk.al(cte.diszo] = |g oKD = 2 pKa3 = G
MN1inbre. dissa] = M Nz = b N3 = hd
Rd ORd ORd

2 5i la waleur de K d'un dez constituants n'est paz dizponible | cliquer sur ce bouton:
Rézultats
Coefficients de distribution de chagque constituant:

Calculer

Graphes

KD1j459512 KD2=[219338  KD3=[10005

Rendements d'extraction pour chaque constituant: Initializer

R1=3z26731  R2=|31.804 F3=/30,3044
Fermer

4-Cez rézultatz zont & pH = 7,004 wous pouvez ajuster la valeur du pH et refaire le caloul -
ME: Pour extraire 'acide] en tatalité il est commode d'ajuster le pH d'abord & une waleur inférieure & 2
Puiz augmenter la waleur du pH entre & et 2 pour extraire la baze? | la bazed est extraite & pH au dela de &

Figure 2. Worksheet of calculation of yield and distribution coefficients for the case of extraction of a mixture of constituents

24LogK database

EXTRACT software has adatabase containing values of more than 2000 partition coefficients (logK) to about 1000 substances,
in 36 most common solvents extraction. This database offers the user the advantage of being amended or supplemented by
other values of logK or new solvents, it can contain up to 100.000 values .

2.4.1 Research of K in thedatabase

You must click on the button Determine K, aworksheet entitled “ Finding K in the database” is enabled (see figure below), it
remains to select the solvent and substance in the context menu and click the OK button, once the value of K is displayed, the
user can take it to the place he wantsto use it after selecting it and pressing the OK button.

2.5Experimental validation of the software
An experimental validation of results compiled by the software has been applied to the influence of pH on the extraction of a
carboxylic acid (0.1 N formic acid HCOOH) from its aqueous sol ution with an organic solvent (butan-1-ol). 10 ml of aqueous
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Figure 3. Variation of yield versus pH for areactive extraction of several components

3 Recherche de K dans la base de donnée - o x

Sélectionnez le solvant et la substance puis activer la recherche par OK oy

Solvant: |Dctan0| ﬂ Substance |.-'l'-.mm0nia ﬂ

Solvant Substance
Id 027 cAas 111-875 Id 000064 CAS 7664-41-7
Solvant Octanol Autre nom Capryl alcohol Substance  Ammonia
Formule CEH180 Caractére Protique £l (3T azans
Moment dipolaire Maszsze molaire 1302 Formule H3N Masse molaire 17 o3
Cte diélectrique Dieslis HE Teb(*C) 36 TH"C) Densité 1.023
9 TH'C) _
Teb[*C] 195 *C] s = Remarque
Remarque x
Svymbole de risque Symbole de risque

Résultat de recherche de LogK
Dans le solvant:0ctanol Logk —0_90 Références LChemical Reviews 1971 Vol 71.M 6

donc K= 01262 Emporter cette valeur a : | ﬂ

Figure4. Search of K in the database
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solution were stirred by an equal quantity of solvent, after separation, the concentration of acid in the aqueous phase was
determined by UV spectrophotometry, and in the organic phase by mass balance, thevalues of the distribution coefficient and
theyield of extraction were deduced and compared with those compiled by the software.

Table 1, below, containsthe values of distribution coefficient and the yield of the acid extraction for deferent values of pH. It
isof courseremarkablethat valuesof experimental D, 0 andmodulated D distribution coefficient, inonehand, and experimental
Rex 0 andmodulatedyieldR __,intheother hand arein good agreement. The highest yield of the extraction of formic acid is46.15
% at pH lessthan pKavalue (i.e., 3.75), beyond thisvalue; the acid can not be extracted. Figures 5 and 6 represent the variations
of the yield of the extraction and the logarithm of the distribution coefficient as function of pH values. Results show a good
correlation between experimental and modul ated coefficient distribution and yield of extraction for formic acid, table 1 showsthe
errors between cited entities.

Dlstr_|b_ut|on Yidld of extraction %
coefficient
pH D, Dexp Error |R Rexp Error

148 |090 | 085 | 00497 (4729 | 4587 | 14176
184 |089 | 084 | 00483 (4712 | 4673 | 1384
220 |087 | 086 | 00146 |4657 | 4615 | 04192
285 |080 | 073 | 00715 | 4447 | 4218 | 2.2977
35 |058 | 040 | 0173 |3660 | 2879 | 7.8116
385 [040 | 037 | 00249 | 2854 | 2725 | 129026
42 |024 | 009 | 01521 {1912 | 7.77 | 113473
5 |005 |004 | 00084 | 460 | 3.83 0.7661
56 |001 | 000 | 00126 | 1.25 | 147 02215
64 |000 | 000 | 0002 | 020 | 0.89 0.6895
71 |000 | 000 | 00004 | 0.04 | 0.06 0.0193
8 |[000 | 000 | 00000 | 001 | 0.00 0.0051

Table 1. Experimental and Model Valuesof R and D for Formic Acid Extraction
asaFunction of pH (Solvent:Butan-1-OL ; Vag/Vorg=1:1; T =20°C)
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Figure5. log (D) asafunction of pH for extraction Figure 6. R asafunction of pH for extraction of
of formicacid (initial concentration Ci =0.1 mol/L) formicacid (initial concentration Ci =0.1 mol/L)

2.6 Conclusion
Modeling and computer design equations of liquid-liquid equilibrium of a multi-component system allows us through the
EXTRACT software devel oped using oriented object environment DEL PHI, in order to optimize the process of extraction, the
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distribution coefficient and yield of the operation were simulated and calculated with a good approach by comparing the
experimental values .

Theresults of the software for the case of extraction of formic acid from its aqueous solution for varied values of pH are very
consistent with those determined experimentally, the results show that the highest yield of the extraction of formic acid is46.15
% at pH less than pKa value (i.e., 3.75), beyond this value; the acid can not be extracted, witch is in good agreement with
estimated results and confirm the authenticity and the validity of the developed software.
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