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Abstract
Bromamine acid (1-amino-4-bromoanthraquinone-2-sulfonic acid, BAK, Fig. 1 - II.) is an important intermediate of many organic colorants based on anthraquinone structure and represents the basic component of various products of dye industry. Bromamine acid can be prepared in a several ways. Conventional method is based on bromination of 1-aminoanthraquinone-2-sulphonic acid with bromine.
This work describes alternative method for the bromination reaction of 1-aminoanthraquinone-2-sulphonic acid by using sodium bromide dissolved in aqueous effluents. 
This article deals with the new sythetic method for BAK preparation based on the application of aqueous NaBr obtained as by-product and subsequent minimization of emissions of AOX (Adsordable Organic Halides), absorbance and chemical oxygen demand (COD) in wastewater. 
1 Introduction
BAK (usually in its sodium salt form) is a valuable intermediate for dyes production, especially for production of acid and reactive dyes. 

The production of 1-amino-4-bromoanthraquinone-2-sulfonic acid is illustrated in Figure 1 [2].



Figure 1 - Production of  4-brom-1-aminoanthraqinone-2-sulfonic acid (BAK; II.) acid by bromination of 1-aminoanthraquinone-2-sulfonic acid (ASK; I.)

Bromine is the most common bromination agent used for the bromination of various organic substrates because of its low price. 
The disadvantage of using the bromine is its high toxicity, low boiling point (58°C) and formation of HBr as a by-product.
Moreover, bromination with liquid bromine leads to only 50% bromine atom efficiency.
In this work we studied the possible utilization of bromides and/or hydrobromic acid for bromination with co-action of oxidizing agents – air or H2O2.
During the bromination reaction wastewater was produced with high content of COD (Chemical Oxygen Demand) and AOX (Adsordable Organic Halogens). In this work different techniques for treatment of produced aqueous filtrate including the application of ionic liquids was successfully tested.
The decolorization efficiency of ionic liquid application and effect on lowering of absorbance, adsorbable organic halogens and chemical oxygen demand were compared with traditional adsorption on charcoal or Fenton´s oxidation techniques [1].
2 Alternative method for the preparation of bromamine acid 
Alternative method is based on generation of bromine from inorganic bromide using oxidizing agent (Equation 1). Oxidizing agent can be for example hydrogen peroxide or sodium/potassium bromate [2]. In our work, hydrogen peroxide or air was tested.
2 NaBr  +  H2O2  +  H2SO4   →   Br2   +   Na2SO4  + 2 H2O			(1)
Přidej rovnici oxidace vzdušným kyslíkem
The main advantage of this process is 100 % utilization of bromine atoms produced by oxidation of Br-. Bromination with liquid bromine leads to only 50% bromine atom efficiency (formation of HBr).
This alternative method of bromination is connected with higher occupational health and safety due to the absence of liquid bromine.
On the other hand, the main limitation of application of this alternative method is its cost, which is more expensive (three times) than in case of liquid bromine application.
However, the cost of the technology can be decrease, when used cheap material or the material which was produced as by-product as in case of waste CuBr utilization for CuO production. The conversion of CuBr to CuO using NaOH solution is connected with producing of technological water, which contains about 10 wt.% of sodium bromide. 
Therefore this aqueous effluent (10 wt.% NaBr solution) was tested as the source of bromine for bromination of 1-aminoantraquinone-2-sulphonic acid for production of bromamine acid.
Bromine was generated from aqueous sodium bromide solution by two methods, entitled „In-situ“ or „Ex-situ“ method.

2.1 Bromination by “in-situ” method
In this method, the bromine is generated directly in the reaction flask where bromination is performed. The experiments were carried out in a 500-mL reaction flask equipped with a dropping funnel, stirrer, thermometer,  and a water condenser. 
The general procedure: 1-aminoanthraquinone-2-sulphonic acid was added to appropriate volume of aqueous 10 wt. % NaBr solution, then the reaction mixture was acidified by sulfuric acid (96 wt.%). Then in some cases appropriate volume of 30 wt.% hydrogen peroxide was added dropwise to the reaction mixture over 20 min. The reaction mixture was stirred for another 3 hours. During the bromination reaction the samples were taken for analysis of kinetics. Bromamine acid was isolated by salting out process (addition of Na2SO4, stirred for 60 minutes, 80°C and filtration) after bromination. 
The isolated product was analyzed by HPLC. The reaction conditions and results for the bromination reaction of ASK with NaBr, H2O2 and H2SO4 are depicted in Table 1.
As can be seen from Table 1, the maximum selectivity (ASK to BAK) was achieved in experiment 1c. As could be seen, temperature and addition of H2O2 were influenced the selectivity of the reaction.
Tab. 1 - Results of generation bromine and bromination reaction ASK (in-site)
	Exp.
	Amount of ASK
	Volume of 10 wt. % NaBr solution
	Volume of H2SO4 (96 wt.%)
	Amount of H2O2
	Time
	Temperature
	HPLC

	
	
	
	
	
	
	
	ASK
	BAK
	Other

	-
	mmol
	mL
	mmol
	min.
	°C
	Area%

	1a
	3
	20
	50
	-
	180
	83
	35.22
	52.16
	12.51

	1b
	
	
	50
	40
	
	
	12.16
	24.34
	63.5

	1c
	
	
	100
	-
	
	0
	3.81
	95.62
	



2.2 Bromination by “ex-situ” method
In this method, the bromine was generated in the additional vessel (bromine generator, Flask 1). Generated gaseous bromine is transported to the reaction flask (reaction flask, Flask 2).  
The generation of bromine was carried out in a 250-mL flask (Flask 1) equipped with a dropping funnel, and stirrer, connected with Flask 2 by glass pipeline. The bromination of ASK was carried out in a 250-mL reaction flask (Flask 2) equipped with a stirrer, thermometer, and a water condenser.

The general procedure:
1-aminoanthraquinone-2-sulphonic acid was added to appropriate a volume of sulfuric acid (96 wt.%) – Flask 2.
The appropriate a volume of aqueous 10 wt. % NaBr solution was added to flask 1 and then solution was acidified by sulfuric acid (96 wt.%). Then appropriate volume of 30 wt.% hydrogen peroxide was added dropwise to the aqueous NaBr over 15 min. The solution was stirred at 90°C and bromine was transportedby pipeline to flask 2.
Reaction mixture in the flask 2 was stirred for 3 – 5 hours at 83°C.
During the bromination reaction the samples was taken for analysis of kinetics. Bromamine acid was isolated by salting out process (addition of Na2SO4, stirred for 60 minutes, 80°C and filtration) after bromination. 
The product was analyzed by HPLC. The reaction conditions and results for the bromination reaction of ASK with NaBr, H2O2 and H2SO4 are shown in Table 2.
As can be seen, the maximum selectivity (ASK to BAK) was achieved in experiment 2b.

Tab. 2 - Results of generation bromine and bromination reaction ASK (ex-site)
	Exp.
	Amount of ASK
	Volume of NaBr solution
	Volume of H2SO4 (96 wt.%)
	Amount of H2O2
	Time 
	Temperature
	HPLC

	
	
	
	
	
	
	
	ASK
	BAK

	
	
	
	Flask 1
	Flask 2
	
	
	
	
	

	-
	mmol
	mL
	mmol
	min
	°C
	Area %

	2a
	6
	40
	50
	100
	120
	180
	83
	34.3
	65.52

	2b
	
	
	50
	50
	
	300
	
	26.5
	73.3

	2c
	
	
	100
	100
	140
	180
	0
	47.8
	52.05


3 Application of three methods for wastewater treatment
Wastewater production is connected with desalting process of BAK. According to bromination reaction of ASK 250 ml of wastewater was produced in the lab conditions. Wastewater was isolated and tested by AOX, COD, BOD and Absorbance methods.
Waste water contaminated by ASK and BAK was treated using three different methods. The first method is based on the destruction of recalcitrant organic compounds using Fenton oxidation [3]. The second method is based on adsorption of organic contaminants on charcoal [4]. The third method is based on trapping of ASK and BAK (Fig.2) from aqueous solution using ionic liquids as liquid ion exchanger according to the patent of University of Pardubice CZ20120359. Benzalkonium chloride and ferric sulphate were used as the mixture of ionic liquid and inorganic coagulant [5].
The mass of benzalconium chloride (BAC) to be applied for wastewater treatment was calculated according to the overall content of compounds with –SO3H group dissolved in wastewater (ASK; BAK).


Figure 2 – Precipitation of ASK and BAK by using benzalconium chloride
The results of the application of these three treatment methods are depicted in Table 3.

Tab. 3 - Results of application three methods for waste water treatment
	Ta tabulka se musí doplnit o název sloupce:TO MUSÍŠ SMAZAT!!!!!!!!!!!!!!!!!!
Used reatment method                 Quantity of reactants
	Absorbance
	AOX
	COD
	BOD/COD

	
	-
	mg ∙ L-1
	-

	Aq. filtrate obtained from isolation of BAK  
	1.7045
	6.87
	232
	0.007

	Fenton´s oxidation
	0.1 mol FeSO4/2 mol H2O2**
	0.018
	1.06
	195
	0.12

	
	0.2 mol FeSO4/3 mol H2O2 **
	0.013
	0.89
	185
	0.16

	Sorption on charcoal
	5 g ∙ L-1
	0.012
	0.2
	85
	0.11

	
	10 g ∙ L-1
	0.009
	0.09
	80
	0.12

	BAC + Fe2(SO4)3
	0.9 mmol  + 2 mmol**
	0.003
	0.08
	138
	0.09


**Total volume of mixture was 1L.CO TO JAKO ZNAMENÁ? ŽE JSI NÁSADU ČINIDEL PŘIDAL DO 1 LITRU VODY!!!!!!!!!!!!!

When applying of all three methods to waste water treatment, it was found out that all parameters tested (AOX, COD, biodegradability and Absorbance) decreased rapidly, which can be seen in Table 3.
Application of Fenton´s oxidation is suitable method for decolorization of waste water, but only minor decrease in parameters AOX and COD was observed.
Sorption on charcoal was successfully tested. The highest eficiency of decrease of the parameters AOX, COD and absorbance was achieved using of charcoal 10 g ∙ L-1 for ….hours of action with vigorous stirring.
We observed, that application of benzalkonium chloride for precipitation of ASK and BAK is a cheap and effective method. Efficiency of removal ASK and BAK from solution was more than 98 % …grams of BAC per liter of treated wastewater (according to the Absorbance and AOX parameters measurements).

BOD (biochemical oxygen demand) is another important parameter which was observed to find out the degradability of compounds present in water. 
BOD provides water characterization in terms of biological degradability of organic compounds present. The ratio between BOD and COD illustrates the biodegradability of effluent. The higher the BOD vs. COD ratio, the more easier-bio-degradable compounds are present in water. 
From values in Table 3 is evident that the ratio BOD:COD from the waste water after desalting is lower than 0.2. A TO MÁŠ V TÉ TABULCE KDE? A O JAKÉM DESALTINGU TADY MLUVÍŠ?!? MYSLÍŠ JAKO FILTRÁTY Z IZOLACE BAK?!? TO JE: Aq. filtrate obtained from isolation of BAK  This corresponds with very low bio-degradability of wastewater. When applying all three methods, the ratio increase significantly from 0.007 to 0.09 – 0.12. 

Conclusion
It has been shown that bromamine acid can be prepared selectively by indirect bromination method using aqueous NaBr solution obtained as by-product. Although direct bromination using liquid bromine is an industrial process, alternative bromination using NaBr solution could be considered as a potentially useful process to manufacture fine chemicals in very high selectivity.
Application of adsorption on charcoal, precipitation using ionic liquids or Fenton oxidation are suitable methods for treatment of waste water from production of bromamine acid.
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