Chemical Reaction Engineering Analysis of the Blowout Process for Bromine Manufacture from Seawater

Amer M. El-Hamouz^† and R. Mann*^{,‡}

Chemical Engineering Department, An-Najah National UniVersity, P.O. Box 7, Nablus, Palestine, and School of Chemical Engineering and Analytical Science, The UniVersity of Manchester, P.O. Box 88, Manchester M60 1QD, United Kingdom

A chemical reaction engineering model has been constructed to describe the extraction and recovery of bromine from a once-through seawater flow. The process uses a closed-loop circulation flow of air. This strips out free bromine from pre-chlorinated seawater in a packed column. Bromine liberated into the gas reacts with injected sulfur dioxide around a circulation loop to form liquid droplets containing product hydrobromic acid captured by mist elimination. Excesses of chlorine and sulfur dioxide compete for bromine and can reduce the recovery efficiency. Pseudo-homogeneous gas-phase kinetics accounts for simultaneous absorption and gas- liquid reaction of liberated bromine, excess chlorine, and injected sulfur dioxide. Re-circulating sulfur dioxide subsequently absorbs and reacts simultaneously with bromine and chlorine stripping. Parameter values are deduced for typical bromine recovery of 70%. The model can be used for optimizing the excesses of chlorine and sulfur dioxide.

Introduction

Bromine is an important reagent in the chemical industries. Its use as an anti-knock agent in transportation has been superseded, but it continues to be widely used in the pharmaceutical, dyestuffs, flame retardant, agrochemical, and water treatment sectors. Resources of bromine can be considered virtually unlimited in that it is present in seawater as soluble bromide salts. These are present at the high level of 4- 6 g dm^{- 3} in the Dead Sea;^1 consequently, this particular source is a major supplier of bromine. In general, bromine is present in seawater at the much lower level of around 65 mg dm^{- 3} (some thousand times lower). It is a major engineering process challenge to recover concentrated bromine from such a low concentration, although it is now some 70 years since details of an early commercial process were first reported.^2 Due to the much higher volatility of bromine when liberated from seawater by oxidation with gaseous chlorine, it is possible to manufacture it at a concentration of 400 000 ppm (40 wt %). This is achieved by a combination of two-phase chemical reaction followed by stripping in an air blowout process, which also simultaneously involves some absorption and reaction of chlorine and sulfur dioxide. This paper puts forward a chemical reaction engineering formulation of this complex case of “absorption and desorption with chemical reaction”. The model is put forward to seek to optimize the design and operation of this blowout process based on seawater, where the use of an excess of chlorine to liberate bromine and an excess of sulfur dioxide to facilitate its capture by reaction can interfere to potentially restrict the yield of bromine.

Probably because of its importance in gas cleaning and water purification, the literature contains a good deal of work on the absorption of the single halogen chlorine into water and alkaline solutions. In the absorption of chlorine into water, the chemical mechanisms change with pH, which modifies the reversible aqueous reaction rate.^3. At high pH in alkaline solutions there is competition between reaction with water and OH^- ions, with differences in caustic and bicarbonate solutions being attributed to different reactivity with bicarbonate ions.^4. Quite recently, the absorption of chlorine into aqueous acidic sulfite (S(IV)) solutions has been studied experimentally and theoretically to identify the ways the gas- liquid reaction affected the mass transfer regime. Using a stirred cell and wetted wall column, the reaction was found to be almost too fast to determine with precision. Under some conditions of sulfite excess, the absorption of chlorine could be gas-film-controlled.^5 In this work, the sulfur dioxide was pre-dissolved in the aqueous phase. The literature however appears to contain no references to gasliquid reactions involving bromine either singly or in combination with other components.

Important recent developments in gas absorption with reaction deal with the more advanced cases of multiple gases in contrast to earlier emphasis on the single gas case.^6 A number of key works have covered the simultaneous absorption and reaction of two gases.^{7- 10} More recently, the case of three gases has been addressed,^{11,12} although the frequently studied absorption of NO_x involves four gaseous components.^{13} There is however no general theory yet available for multicomponent gas absorption with reaction(s). One reason for this is the intrinsic complexity arising from the interactions between the bulk phase reaction(s) and reaction(s) taking place close to the interface, which interfere with the component mass transfer rates. This complexity is compounded in large-scale process units where macro-scale gradients can be expected to give large departures from perfect mixing.^{14} There is then no simple separation into “film” and “bulk” reaction since this balance may then be distributed spatially within the contactor. This problem arises even with a single component and has yet to be fully worked out from first principles. This lack of thoroughly worked out fundamentals has led to the more complex multicomponent cases inevitably being considered on an individual case-by-case basis.

In this paper, we have both complexity from the threecomponent mass transfer and reaction for both absorption and stripping plus the very large-scale equipment with a huge

* To whom correspondence should be addressed. Tel: + 44 161 306 4378. Fax: + 44 161 306 9321. E-mail: r.mann@manchester.ac.uk.

† An-Najah National University. ‡ The University of Manchester.

3008 Ind. Eng. Chem. Res. 2007, 46, 3008- 3015

10.1021/ie060856y CCC: $37.00 © 2007 American Chemical Society Published on Web 12/02/2006