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Abstract. Optimization of experimental conditions of aceticidarecovery from its aqueous solution by a
liquid-liquid extraction, with alcohols, was cadieut in this study. The effect of parameters gowey the
process such as: pH of aqueous solution, partitmefficient and initial concentration on acid, vole ratio
between phases and temperature, were studied.tigariaf distribution coefficient and yield of exttion of
acetic acid, depending on these parameters, wastigated to determine the favorable conditionsetmver
this acid from its aqueous solution.

Results show that, in comparison to the other allohsed, butan-1-ol gives the higher values ofldyand
distribution coefficient, the optimal conditions eftraction are obtained at low pH values, a yal84.4 % was
obtained at pH 1.40 . A departure solution conegett on acid and a high volume ratio of organivesud favor
the extraction (79.78 % of the acid were extrad®dV,¢V.~3:1). Finally, we noted that the yield and the
distribution coefficient increase with increasirggriperature, nearly 69.62 % of acetic acid wereaeted at

318.15 K.
The study will be useful in the design of liquiddid extraction process by alcohols for acetic aembvery.
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1. Introduction

Liquid-liquid extraction is a separation methodook or more components from a liquid mixture, it is
based on the distribution of the solute betweenligads practically immiscible.

The yield and the distribution coefficient are thest critical factors in liquid-liquid extractiothese
entities are influenced by several parameters asdolutes concentrations, nature of solvatof
medium, temperature and hydrophobicity of extrastgdustances [1].

Acetic acid is one of the simplest carboxylic acitisis the main component of vinegar and
mainly used in food industry as an acidity regulags a condiment and as food additive E260 [2-4].
Acetic acid is also an important chemical reagewnt @mdustrial chemical, used in the production of
cellulose acetate for photographic film and polyliacetate for wood glue, as well as syntheticefibr
and fabrics [5].

Various technologies have been reported for thars¢ipn of organic acids, especially acetic acid
from complexes mixtures. The work toward developiegnoval and recovery of waste stream
components is started in 1974. The separationgdroc acids from waste water has been important
and essential from the points of view of polluticontrol and industrially for more than a century
[6,7]. Several separation techniques such as ligwichction, ultra filtration, reverse osmosis ctle-
dialysis, distillation, liquid surfactant membrarextraction, anion exchange, precipitation and
adsorption have been employed to remove carboxadids from aqueous solution, but, liquid
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liquid extraction can be considered as an effecy W& recovery of these component, due to its
simplicity and its low cost [8,9].

The distribution of constituent between two liqupsases is affected by several factors, primahiéy t
nature of the substances used in the extractiaydimg volumes of phases, pH of the medium,
temperature, concentrations and partition coefiitsi®f substances to be extracted [10-11].

The effect of each parameter governing the extracgirocess of acetic acid, by butan-1-ol, was
studied and carried out in this work.

2. Experimental section
2.1.Materials

Acetic acid (99-100 %), butan-1-ol (99 %) and cher-1-0l (99%) were purchased from Biochem
Chemopharma Co (Canada), pentan-1-ol (98%) washased from Alfa Aesar, water used in
experimental was double distiled water. UV-Visiblgpectrophotometer (Spectrophotometer:
SpectroScan 80D/80DV Biotech Engineering Managen@mt Ltd.), mechanical shaker (Edmund
Buhler GmbH, 420 stroke by min), pH meter (HI25%pM/°C).

2.2.General procedure

20 mL of acetic acid solution was shacked at roempierature with a similar amount of the extractive
organic solvent in glass flasks of 100 mL using echanical shaker, after phase separation, the
concentration of the acid in the aqueous layerterhined by UV-visible spectrophotometer and in
the organic one is deduced by mass balance. Ttrédbdion coefficient and the yield of extractiorea
then deduced. Studied solutions: 20 mL of 0.1 Neags acetic acid solution.

In order to see the effect of the pH on extracttbig parameter is varied from 1.5-8.0 by adding 2
aqueous HCI or NaOH solutions using a pH meter wathperature compensation, the distribution
coefficient and the yield are then determined #éedntpH.

The influence of initial concentration of acid irater, volume ratio between aqueous and organic
phases, partition coefficient and temperature, asg studied; in each case acetic acid was extfacte
by the organic solvent and the distribution coéfit and the yield were determined.

The values of distribution coefficient D and thelgii of extraction R were obtained by using the
equilibrium mass balance of distribution of the bzetylic acid between aqueous and an organic
solvent as given by the following equations:

_[HAT G,
[HAIL, 1)
_ 100D
D+ Vo @

Where [HA]Torg and [HA]Taq are, respectively, the total concentration ofdbil in the agqueous and
the organic phasesgyand V,4 are the volumes of the aqueous and the organgeghaespectively.

3. Resultsand discussion
3.1.Effect of the pH on the extraction

The results obtained for the extraction of acetid om an agueous solution at a concentratidd bf
M are summarized in Table-1. The highest yieldha éxtraction of the acid is 64.4 %pht 1.40, less
thanpK, value (i.e., 4.75), beyond this value; the acid nat be extracted. Figure 1 represents the
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variations of the distribution coefficient and tiieeld of extraction as function gfH values. We
recommend carrying out the calculations in fourimkets, with the final value of coefficient
distribution and yield of the extraction roundedw®m decimals.

TABLE-I: VALUES OF DISTRIBUTION COEFFICIENT AND THEYIELD FOR THE EXTRACTION OF
ACETIC ACID AS A FUNCTION OFpH (SOLVENT: BUTAN-1-OL; Va¢Vorg = 1:1; T = 20 °C)

PH  [HA]'a  [HA]'aq D R %
1.40  0.0356  0.0644 1.81 64.40
231 00450  0.0550 1.22 55.00
332 0.0467  0.0533 1.14 53.30
3.57 0.0489  0.0511 1.04 51.10
436  0.0674  0.0326 0.48 32.62
459  0.0688  0.0312 0.45 31.17
6.04  0.0971  0.0029 0.03 2.90

3.2. Effect of partition coefficient

Table Il below, includes the results of experiméntdues of the overall distribution coefficientrfo
acetic acid 0.1 M extracted in a ratio oM Vaq= 1:1 in three studied solvents: pentan-1-ol, inita

ol and cyclohex-1-ol witch have a partition coa#itt with acetic acid value respectively: 1.32,60.9
and 0.66. The results show that butan-1-ol giveshilghest distribution (D=1.23 ; R=55.25 %). The
distribution coefficient is even larger than paotit coefficient is large.

TABLE-II: VALUES OF DISTRIBUTION COEFFICIENT AND THE YIELD FOR THE EXTRACTION OF
ACETIC ACID WITH DIFFERENT SOLVENTS ( Ci=0.1 Mol : Vaq = 1:1; T = 20 °C)

Solvant [HA]'sy [HAl'wy D R %
butan-1-ol 0.0448 0.0552 1.23  55.25
pentan-1-ol 0.0548 0.0452 0.83 45.21

cyclohex-1-ol 0.0593 0.0407 0.69 40.73

3.3. Effect of volume phasesratio

The values of measured distribution coefficient a@edree of extraction, in dependence on volume
phase ratio, are given in table Ill. The extracti®metter when the volume ratio of solvent is leigh
than the volume of aqueous solution (D=1,32 andRE& % for \(fVa=3:1). The results are in
agreement to that obtained by Kanungnit C. et Jafdi7the lactic acid recovery by n-butanol, where
nearly 97 % of the organic acid was extracted fgiyV.~4:1. Fig. 2 shows the variations of
distribution coefficient depending on volume phesto.

TABLE-IIl: VALUES OF DISTRIBUTION COEFFICIENT AND HE YIELD FOR THE EXTRACTION OF
ACETIC ACID EXTRACTION AS A FUNCTION OF VOLUME RATO Vg / Vagq
(SOLVENT: BUTAN-1-OL;pH =2.91; T = 20 °C)

VoaoVaa  [HA'as  [HA] g D R %
0.25 0.0742  0.1034  1.39 25.85
0.33 0.072 0.0841  1.17 27.99
0.5 0.0613  0.0775  1.26 38.73

1 0.0448  0.0552  1.23 55.25
2 0.0517  0.0483  0.93 65.12
3 0.0432  0.0568  1.32 79.78
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Fig. 1: Yield of extraction as a function of pH for Fig. 2: Yield of extraction as a function of volumagio
acetic acid in butan-1-ol acetic acid in butan-1-ol
(Ci=0.1 mol/L ; Vr/Vac = 1:1; T = 20 °C) (Ci=0.1mol/lL; T=20°C)

3.4. Effect of initial concentration of solute

According to the results table IV below, we getoad) extractability over the solution is concentiate
in acetic acid, beyond a concentration of 0.3 meldistribution coefficient and yield of extraction
remain constant (D=0,35 ; R=57.49 %). Amit K. efXl] has studied the effect of initial lactic acid
concentration by n-heptane, petroleum ether, déealnand octan-1-ol, the values of distribution
coefficient obtained were found to be much highathwalcohols and increased with initial
concentration of organic acid. Distributions coaéfnts and efficiency of extraction are more
significant when the alcohols are mixed with Alitj386.

TABLE-IV: VALUES OF DISTRIBUTION COEFFICIENT AND THE YIELD FOR THE EXTRACTION OF
ACETIC ACID AS A FUNCTION OF INITIAL CONCENTRATIONON ACID
(SOLVENT:BUTAN-1-OL; Vo(Vog=1:1; T =20 °C)

[C] pH [HAI'y [HAJ'sy D R%
0.05 3.05 0.0228 0.0272 120 54.46
01 288  0.0448 0.0552 123 55.25
03 270 0.1275 0.1725 135 57.49
05 248  0.2099 02901  1.38  58.02
1 232 04221 05779 137  57.79

3.5. Effect of temperature

In investigation of the effect of temperature ostidbution coefficient , we have used the Van't Hof

approach expressed as d(logD)/dT (egn.3.), whieblwes measuring the distribution coefficient of
acetic acid at different temperatures (from 283d 818,15 K), the method relies on the enthalpy of
partitioning being constant over the temperatungeaconsidered [12-13].

d(logD) AH
dT ~ 2.3026.R.T2

®3)
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From equation 3, logD can be expressed as a lfoeation of 1/T:

AH 1
x=++ Cte

logD = — o526 X T 4)

The table V summarizes the results of distributiopefficient and vyield found at different
temperatures. Figure 4 shows that logD decreadbsivgreasing 1/T in a linear correlation according
to the equation: logD = -1,441(1/T) + 4,92; witbarelation factor: r2 = 0,93.

The slope of the line can evaluate the value ofehtalpy of partitioningAH=6,64 Kcal.mol-1
deduced from eqgn. 4 above. The sign of the enthaflgplubilisation is positive; it means that Dais
increasing function of temperature. The acid isergmluble in hot than in cold conditions.

TABLE-V: VALUES OF DISTRIBUTION COEFFICIENT AND THEYIELD FOR THE EXTRACTION OF
ACETIC ACID AS A FUNCTION OF TEMPERATURE
(SOLVENT:BUTAN-1-OL; VaVorg = 1:1)

T(K) PH  [HAT'w  [HA] o D R

28315 2.86  0.0651 0.0349 054  34.92
288.15 2.87  0.0545 0.0455 0.83  45.47
29315 2.88  0.0448 0.0552 123  55.25
303.15 3.00  0.0342 0.0658 1.93  65.84
308.15 3.07  0.0352 0.0648 1.84  64.76
31315 313  0.0369 0.0631 171 63.05
318.15 3.19  0.0304 0.0696 229  69.62
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Fig. 3: Distribution coefficient as a function aitial Fig. 4: Distribution coefficient logD as a functiof
concentration on acetic acid in butan-1-ol 1/T for acetic acid in butan-1-ol
(Vore/Vac = 1:1; T =20 °C) (VordVac = 1:1; Ci = 0.1 mol/l)

4. Conclusion

The effect of some parameters governing the lidjgiaid extraction of acetic acid, from its
aqueous solution, was carried out in this study.ndi&ced, on one hand, that a good extractabifity o
acid is obtained in the neighbourhood gt 1.40, 64.4 % of acetic acid were found in theanig
phase, the acid is in its undissociated form for Ipks then it9K,: 3.75. On the other hand, in
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comparison to the other two alcohols (pentan-1ra ayclohex-1-ol) , butan-1-ol provides a good
physical equilibrium with acetic acid and gives thigher values of yield and distribution coeffidien
It should be noted that the results will be bettéyen the extraction involves alcohols mixed with
chemicals extractants. Moreover, we noted thag@adure solution concentrated on acid and a high
volume ratio between organic and aqueous phaséds éagour of the extraction (nearly 79.78 % of
the acid were extracted for,V,~3:1). Concerning the effect of temperature, orgaids are more
soluble in water, in hot than in cold conditions, éevation of temperature facilitates the extmagcti
we get an extractability of 69.62 % of acetic aatid18.15.
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