REMOVAL OF ACID DYES FROM AQUEOUS EFFLUENTS BY ACTION OF IONIC LIQUIDS
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Abstract

Removal of acid dyes Mordant Blue 9 and Reactive Red 24:1 from diluted aqueous solution was tested using ionic liquids as liquid ion exchangers with co-action of inorganic coagulant (Fe(III) sulfate). The effect of molecular weight of quarternary ammonium or phosphonium cations on the removal efficiency was studied. 

Introduction

Water is the common green solvent used for the production and application of anionic (or acid) dyes. Sulfonic acid groups bonded in the structures of acid dyes make these colorants very polar and water soluble. Therefore, such dyes are not readily adsorbed onto the charcoal. 
The main method applied for the isolation of acid dyes from the reaction mixture is the precipitation of produced dye by salting out and subsequent filtration. The produced aqueous mother liquors contain high loads of refractory COD (Chemical Oxygen Demand caused by dissolved polar aromatic compounds) and AOX (Adsorbable Organic Halogens, if halogenated starting materials are used) and high salt loads from salting out (Scheme 1) [1].
Ionic liquids are low melting ionic compounds composed by large asymmetric organic cations and inorganic or organic anions. Some ionic liquids are water soluble, whereas the others are lipophilic and sparingly soluble [2]. 


Figure 1. Relationship between aqueous solubility and size of cation and anion of alkMIM salts as typical ionic liquids.

The interaction between dyes and bulky cations of surfactants has been observed [3-5]. The investigation of quarternary salt-anionic dye ion pair formation has shown that the importance of long-range electrical forces is basically to bring the dye anion and the surfactant cation close enough to enable the action of short-range noncoulombic attractive van der Waals forces and hydrophobic interactions [3]. 
The cheap commercially available ionic liquids are usually halides (mostly chlorides) of quarternary ammonium salts. We proved that the anion exchange of halide (X-) in ammonium ionic liquids using suitable source of larger anion (for example sodium salt of anionic dye, Na+ dye-SO3−) is very simple even in aqueous solution [4-6]:
R4N+ X− + Na+ dye-SO3− → R4N+ dye-SO3− + Na+ X−
The effect of pH was studied and published elsewhere  [4,6,7]. 




Scheme 1. Production of acid dye  Reactive Red 24:1.

As was observed earlier, the most effective molar ratio of large organic cation (R4G+) and sulfonic acid anions (dye-SO3Na)  is R4G+ : dye-SO3Na = 1 : 1  [4-6].
The efficiency of different phosphonium and ammonium based ionic liquids on the removal of above mentioned dyes was tested. The obtained results are summarized in Figures 2-4. The main drawback of the ion pairs formation based separation method in case of studied dyes is the common formation of quite stable colloidal systems, which unables simple isolation of produced ion pairs R4N+ dye-SO3− from the aqueous phase. The effective separation of insoluble product takes about 16 hours of slow overnight stirring. 
Due to this reason addition of iron(III) sulfate as cheap inorganic coagulant was tested [4-6]. The results obtained using Mordant Blue 9 dye are depicted in Figure 5. 

Experimental
Chemicals
Mordant Blue 9 and Reactive Red 45:1 and used ionic liquids or cationic surfactants were supplied by Sigma-Aldrich Co. Stock solutions of the dyes (1×10−2 M) were prepared in distilled water. 50 or 100 mM stock solutions of ionic liquids were prepared in distilled water.
Instruments
A UV-visible spectrophotometer Libra S22 (Biochrom, Great Britain) was used to measure the absorbance values of the dyes to establish their max and concentrations. A magnetic stirrer HeiTEC (Heidolph Instruments GmbH&Co.) was used for stirring of solutions.
Precipitation of dyes
An aliquot of neat room temperature ionic liquid or of the above-mentioned aqueous solution of ionic liquid was added into a beaker (400 mL) with the same 100 mL of 1×10−2 M dye solution, and the volume of solution in each beaker was replenished up to 200 mL. After 16 hours of stirring at the speed of 400 rpm and the temperature of 20±1°C, filtration by suction and measuring dye concentration in filtrates, the maximum removal efficiency (RE %) of dyes was determined from absorbance measurements, according to the concentration absorbance standard curves at the respective maximum adsorption wavelength of the individual dye solutions. 
Afterwards, RE % was calculated from Eq.1:
RE (%) = (1-A/A0) x 100		(Eq. 1)
,where A and A0 denote the absorbance in the solution after and before precipitation, respectively.
Precipitation of Mordant Blue 9 using benzalkonium chloride and Fe2(SO4)3
An aliquot of 100 mM aqueous solution of benzalkonium chloride was added into a beaker (400 mL) with the same 100 mL of 1×10−2 M dye solution, the aliquot of aqueous 40 wt. % Fe2(SO4)3 was added dropwise and the volume of solution in each beaker was replenished up to 200 mL. After 15 minutes of stirring at the speed of 400 rpm and the temperature of 20±1°C, filtration by suction and measuring dye concentration in filtrates, the maximum decolorization efficiency (DE %) of dyes was determined from absorbance measurements (see above).

Conclusion

The effect of addition of different ionic liquids to the 5 mM aqueous dyes solutions was tested as the method for dye removal from the aqueous effluents. The formation of sparingly soluble ion pairs R4G+dye-SO3− (G=nitrogen or phosphorus) caused by ion exchange between dye and added ionic liquid enables simple removal of dyes from the aqueous solution. It was demonstrated that tested ionic liquid should be added in equimolar quantity to the sulfo groups in the dye structure for quantitative formation of ion pairs. Cheap and commercially available benzalkonium chloride was proved as the most effective precipitation agent for the tested dyes. It was tested that addition of at least 2 equivalents of Fe2(SO4)3 to the aqueous dye solution treated with 2 equivalents of benzalkonium chloride (calculated in respect to the dye concentration) is crucial for the almost quantitative precipitation and simple removal of tested dyes from the aqueous solution.





Figure 2. Comparison of removal efficiencies of Mordant Blue 9 dye from aqueous solution using different types of ionic liquids.



[bookmark: _GoBack]Figure 3. Removal efficiencies of Reactive Red 45:1 dye from the aqueous solution affected using different ionic liquids. 



Figure 4. Removal efficiency of Mordant Blue 9 dye from aqueous solution using benzalkonium chloride and Fe2(SO4)3, filtrate obtained after 60 minutes of stirring.
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