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Abstract:

Electrodeionization (EDI) has been accepted as an advantageous alternative to conventional mixed-bed ion-exchange technologies in the production of high purity water worldwide. The greatest potential of the process is to further treat reverse osmosis
(RO) permeate to produce 5 to 18 MQ.cm resistivity water. The process typically removes more than 99 % of strong electrolytes and carbon dioxide from water and is also capable of removing high portions of silica, boron etc. from water in these
applications. EDI can be also effective in the treatment of waters with a higher TDS of up to ~1000 mg/L. In these cases, the salt removal is always lower than that obtained in the treatment of RO permeate grade or better quality water and lower than that
obtained with RO in most cases but always higher than that obtained with electrodialysis (ED) operating in a continuous single-pass mode. For example, EDI-X module available from MEGA a.s. removes more than 70 % of salt from a feed solution
containing 500 mg/l of ammonium nitrate at a nominal product flow rate in a single hydraulic stage. Further, EDI can operate at a high water recovery of 90 to 95 % as opposed to 75 % of RO and 85 % of ED for water treatment applications and is lower In
Investment costs than both RO and ED. In addition, RO can have low rejection for some ions such as nitrates while EDI removes all strong electrolytes. Thus, EDI can be used as a final demineralization step in combination with RO and ED to reduce
product TDS and investment costs and to increase the overall water recovery. The only limitation to the EDI process Is that it requires good pre-treatment to avoid scale formation and fouling. We have proposed a hybrid technology for treatment of
ammonium nitrate based waste waters with a TDS of 2,000 to 8,000 mg/L. The technology combines continuous single-pass ED, ED operated in a feed-and-bleed mode and EDI. Using this technology, it is possible economically to produce demineralized
water containing a few mg/L of ammonium nitrate on the one hand and simultaneously a brine containing 100 to 200 g/L of ammonium nitrate on the other hand.
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High-purity water production: Application in power generation industry
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o Any traces of carbon dioxide limit the
resistance of the product water. For example,
5 and 10 MQ.cm water will contain 0.02 —
0.03 mg/L and 0.004 — 0.005 mg/L free
carbon dioxide, respectively.
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Application in the treatment of ammonium nitrate containing steam condensate

The problem: _ ‘ .
o NH,NO, manufacturing generates contaminated Process flow diagram: /’
steam condensate that must be treated before *e
disposal/reuse. EDI CONCENTRATE 3
o Conventional techniques such as 500 — 5,000 mg/L NH4NO3
evaporation/distillation, ion-exchange, reverse E
0sSmosis are cost intensive or limited. /

Our goal: ED(R) - / e
o Use of ED/EDI to make a closed-cycle ED DILUATE / y/
technology with low operating costs. CONDENSATE + 100 — 500 mg/L NHaNOs | ,  EDIDILUATE 01— =
o ED operates at a higher water recovery 2,000 — 8,000 mg/L NH4NOs 3 —40 mg/L NH4NO3 A—»AL//M “
(85 — 90 %) and produces concentrate with a higher " o
salt content than RO that can be reused in EDI Feed NHNOs conentrtion [mg/1
manufacturing. @ Experimental data y=X EDI-X hydraulic and electrical stages
o ED has a low specific power consumption “ it o | o redice e

3 = EDI-X module: 2 and 3 hydraulic and electrical stages required to reduce the initial feed NH,NO, content

(per m* treated |IC|UId) for low TDS feeds. ED CONCvENTRATE of 500 mg/L to less than 13 mg/L and 0.5 mg/L, respectively, at the nominal product flow r;te (43 m3/h).
o EDI produces high-quality water for use as boiler Power consumption: ~2 kWh/m3.
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nitric acid.
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