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Extended abstract 

Over the past three decades, manufacturers and users of synthetic colorants have 
faced increasingly stringent regulations promulgated by agencies established to 
safeguard human health and the environment. This has meant that much of the 
emerging technology in these two areas arose from the need to comply with the 
regulations enacted. A significant proportion of this technology has been designed, 
specifically, to remove color and priority pollutants form wastewater effluents and 
to circumvent pollution problems by eliminating their source. The main treatment 
methods applicable for the removal of colorants from aqueous effluents are carbon 
adsorption, chemical oxidation or chemical reduction accompanied by subsequent 
biodegradation in a wastewater treatment plant [1,2]. 
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 the produced dye by salting out and a 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 [2]. 
Ionic liquids are low melting ionic compounds composed by large asymmetric 
organic cations and inorganic or organic anions. Regarding the chemical structure, 
typical cations of ionic liquids are generally bulky, asymmetric ammonium or 
phosphonium salts, or heteroaromatics, with low symmetry, weak inter-molecular 
interactions, and of low-charge densities. All ionic liquids described to date are 
hygroscopic. Some will mix with water in all compositions, whereas others eventually 
saturate and then form two separated layers [4]. 
The aqueous solubility of the ionic liquid with the identical cation is principally 
controlled by the choice of anion. The reason for this is that strong hydrogen bonds 
can form between the water and the anion of the ionic liquid [5]. 
The interaction between dyes and bulky cations of surfactants has been studied in 
some Papers [6]. 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 [6]. It is 
known that the hydrophobicity increase of the surfactant or the dye increases the 
binding energy [7,8]. 
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: 
 

R4N+ X− + Na+ dye-SO3
− → R4N+ dye-SO3

− + Na+ X− 

 
Using ca. thirty commercially available acid dyes and around twenty ionic liquids (ILs) 
we examined the efficiency of precipitation of ion pairs dye-IL from model aqueous 
solutions [8-10]. Most of the isolated ion pairs IL-dye are very viscous (tar-like) 
liquids, which are soluble in aprotic organic solvents. In some cases solid IL-dye ion 
pairs precipitate from the aqueous mixture of acid dye and appropriate ionic liquid. 
Ion pair (Fig. 1) produced by the action 1-benzyl-3-methylimidazolium (BzMIM) 
chloride on diluted aqueous solution of symmetrical anionic dye Chrysophenine 
(Direct Yellow 12) is crystalline and suitable for XRD analysis. 
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Figure 1. Formation of Chrysophenine-2BzMIM ion pair. 
 
The formation of ion pairs was maintained in the pH range 2-12 to study dye 
precipitation efficiency. The results show that the maximum extraction efficiency of 
dyes did not vary significantly in the pH range from 5.5-9. This pH range is typical for 
the neutralized wastewater [8,9]. 
 
The main drawback of the ion-pair isolation technique is based on tarry-like 
precipitate formation, which is not simply separable by sedimentation or filtration.  
This problem was efficiently solved by application of aluminum or iron coagulant 
together with ionic liquid solution. The coagulation and flocculation of aluminum or 
iron hydroxides is accompanied by absorption of produced ion pair into the 
corresponding inorganic hydroxide slurry [10]. 
The above mentioned technique was not only successfully tested in lab scale. Two 
plant scale verifications in ca. 10 operations were performed for the efficient 
removal of anionic chlorinated azo dyes and their intermediates (removal of AOX) 



 

 

from aqueous effluents produced by isolation of anionic dyes in SBU Pigments and 
Dyes production lines (Synthesia, a.s., Pardubice, Czech Republic). 

 
References 

1. Reife, A.; Freeman, H.S.: Environmental Chemistry of Dyes and Pigments, 1996, 
Wiley and Sons, New York, ISBN: 0-471-58927-6. 

2. Integrated Pollution Prevention and Control, Reference Document on Best 
Available Techniques for the Manufacture of Organic Fine Chemicals, August 
2006, available on: www.icct.cz. 

3. Welton, T.: Chemical Review (1999), 99, 2071. 
4. Anthony, J. L.; Magnin, E. J.; Brennecke, J. F.: Journal of Physical Chemistry B 

(2001), 105 10942. 
5. Cammarata, L.; Kazarian, S.G.; Salter, P.A.; Welton T.: Physical Chemistry 

Chemical Physics (2001), 3, 5192. 
6. Tehrani Bagha, A.R.; Bahrami, H.; Movassagh B., Arami, M.; Menger, F.M.: Dyes 

and Pigments (2007), 72, 331-338. 
7. Simoncic, B.; Span, J.: Dyes and Pigments (1998), 36, 1. 
8. Weidlich, T.; Martinková, J.: Separation Science and Technology (2012), 47(9), 

1310.  
9.  Šimek, M.;  Mikulášek, P.;  Kalenda, P.; Weidlich, T.: Chemical Papers (2016) 

70(4), 470. 
10. Weidlich, Tomáš; Martinková, Jana: CZ303942 (B6) (2013). 

 



 

 

 


