. (Abrchi, et al.)

Iranian Chemical Engineering Journal — Vol. 22 - No. 126 (2023): 7-19

© 000 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Experimental Study of the Effect of Sodium Sulfite, Disodium ..

Research Article ‘@ @@@
d DOI: 10.22034/ijche.2022.315240.1151

This journal is an open access journal licensed under an

DOR: 20.1001.1.17355400.1402.22.126.5.4 Attribution-NonCommercial-NoDerivatives 4.0
International license(CC BY-NC-ND 4.0).

Experimental Study of the Effect of Sodium Sulfite, Disodium
Tartrate Dihydrate and Sodium Dihydrogen Phosphate on the
Separation of Lactic Acid by Aqueous Two-Phase Systems

Sh. Abrchit, H. Masoumi?, H. Ghanad Zadeh Gilani*®"
1- M. Sc. of Chemical Engineering, University of Guilan
2- Ph. D. of Chemical Engineering, University of Guilan
3- Professor of Chemical Engineering, University of Guilan
Email: hggilani@gmail.com

Abstract

The aim of this study was to investigate the distribution of lactic acid in Received: 19 November 2021
polymer-salt aqueous two phase systems. Accordingly, four temperatures Accepted: 8 January 2022

of 25, 30, 35 and 40°C were considered and at each temperature, three Page Number: 7-19

different salts including sodium sulfite, disodium tartrate dihydrate and
sodium dihydrogen phosphate and two different molecular masses of
polyethylene glycol 30% by weight (4000 and 8000 g/mol) was tested in
agueous two-phase system. Also, the percentage of acid extraction at pH
5 to 9 and the effect of polymer concentration were investigated.
The effect of polymer molecular mass, polymer concentration, salt type,
salt concentration and temperature change on the extraction percentage
was evaluated. It was observed that in all three systems, with increasing
the molecular weight of the polymer, temperature, salt concentration, Keywords:

polymer concentration and pH, the extraction efficiency decreases. Lactic Acid

The optimum values of polymer molecular weight, temperature, salt '
concentration and pH were determined as 4000 g/mol, 25 °C, 25% by PEE ABOD & BUOD gmel,
weight of sodium sulfite, disodium tartrate dihydrate and sodium Agueous Two Phase
dihydrogen phosphate and 5.5 to 6.5, respectively. In addition, System,

the optimal polymer concentration was determined to be 30% by weight. Sodium Salts
Finally, the extraction values for sodium sulfite, disodium tartrate
dihydrate and sodium dihydrogen phosphate were calculated to be
53.205, 50.149 and 19.549%, respectively.
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Table 1. The features of materials in the present research.

Type of Chemical Measurement
Material Formula Method

Sodium Sulfite Na,SO3 Chromatography ~ 7757-83-7
Sodium
Tartrate Di C;HsNa,Os  Chromatography  6106-24-7
hydrate
Sodium Di
hydrogen NaH,PO, Chromatography ~ 7558-80-7
Phosphate
Higf;i’:;e NaOH  Chromatography  1310-73-2
Sulfuric Acid H,S0, Acid-base 7664-93-9
titration
Polyethylene 1 Ow:  Chromatography  25322-68-3
Glycol 4000  ~2em?on grapny
Polyethylene 1 Ow:  Chromatography  25322-68-3
Glycol 8000 anftans2 D grapny
Lactic Acid C30sHs Acid-base 50-21-5
titration
Deionized H,O Conductometry 7732-18-5
Water
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Figure 1. The polymer-salt aqueous two phase system at the
present research.
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Table 2. Lactic acid distribution coefficient in different laboratory conditions.

4000 PEG 8000 PEG

Salt type Weight p;:ffntage of Temperature (°C) Temperature (°C)
25 0.67 0.67 0.68 0.80 0.59 0.63 0.65 0.75
Na,C4H4O06 30 0.53 0.53 0.54 0.56 0.48 0.48 0.50 0.50
35 0.41 0.42 0.45 0.50 0.40 0.41 0.43 0.43
25 0.66 0.67 0.76 0.82 0.61 0.64 0.65 0.66
Na,S03 30 0.55 0.57 0.62 0.72 0.53 0.56 0.56 0.59
35 0.46 0.47 0.52 0.55 0.45 0.46 0.47 0.48
25 0.34 0.35 0.37 0.38 0.32 0.33 0.35 0.35
NaH,PO, 30 0.27 0.27 0.28 0.3 0.25 0.25 0.26 0.27
35 0.19 0.21 0.24 0.25 0.19 0.19 0.23 0.24
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Figure 2. The effect of polymer molecular weight for the percentage of extraction of lactic acid (a) 4000 g/mol (b) 8000 g/mol using
sodium sulfite in the three different salt concentration at 25°C.
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Figure 3. The effect of salt type on the percentage of extraction in the 25% (g/g) of salt concentrations at 25°C.
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Figure 4. The effect of salt concentration on percentage of extraction of Lactic acid at the temperature
of 25°C and polymer molecular weight of 4000 g/mol.
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Figure 6. Effect of pH on the distribution coefficient of Lactic acid at 25°C, polymer molecular weight of 4000 g/mol,
and salt concentration 25% by weight.
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Figure 6. Effect of pH on the percentage of extraction of Lactic acid at 25 °C, polymer molecular weight of 4000 g/mol,
and salt concentration 25% by weight.
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Table 3. Thermodynamic parameters for lactic acid extraction in polyethylene glycol-sodium sulfite.

Separation System | Temperature(K)

AH° (KJ/mol)

AS° AG

Extraction Yield
(KJ/mol) | —rection ¥

(KJ/mol.K)

N;fsoS 208.15 0.80
°+ 303.15 0.68
308.15 0.67

%30 PEG
1000 313.15 0.67

-9.22

-0.28 53.20
-0.13 51.20
0.08 0.02 49.85
0.17 47.73
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Table 4. Contrasting the observations between this research and other investigations.

[10] 80 2.00 Adsorption 2017 Nirakar et al.
[11] 71.57 3.00 Aqueous Two Phase System 2021 Jiang et al.
[9] 46.12 7.00 Liquid-Liquid Extraction 2016 Borji et al.
[12] 22.82 7.00 Liquid-Liquid Extraction 2017 Ghanad Zadeh Gilani et al.
[8] 81 7.00 Electrodialysis 2003 Veraet al.
[13] 50 6.50 Aqueous Two Phase System 2012 Pereira et al.
[14] 24 7.00 Aqueous Two Phase System 1994 Schmidt et al.
[15] 93 3.00 Aqueous Two Phase System 2014 Almeida et al.
[16] 83.4 7.00 Aqueous Two Phase System 2013 Goja et al.
[17] 56.09 7.00 Aqueous Two Phase System 2020 Ghanad Zadeh Gilani et al.
[27] 80 5 Aqueous Two Phase System 2021 Masoumi et al.
- 53.205 4.00 Aqueous Two Phase System 2021 Present et al.
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