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BACKGROUND CF THE INVENTION

This invention relates to the remcval of ammonium salts,

..
particularly ammonium nitrate, from a process or effluent stream.

Ammonium. salts are manufactured and used extensively in industries
including those of textile finishing, pharmaceuticals. ceramics.
photography,. electrorlating. pelymers and plastics. fertilisers and

explosives.

Effluents discharged from these industries often contain hich
concentrations of the ammonium salts and discharge into the natural

waterways or sewers is prohibited.

In South Africa saline effluents are particularly problematic in
that the increasing salinity of the rivers and water reticulation
systems inhibits recycle or reuse of water. In addition, the
particular nature of nitrogen containing streams and the
consequences associated with their indiscriminate discharge, have
resulted in the imposition of stringent nitrogen disposal standards.
Methods of overcoming the disposal problems of ammonium salt

containing effluents include:



(1) algae or biclogical treatment resulting in the conversion of

ammonium ions to nitrogen gas.

{ii) pH adjustment by addition of an alkaline substance resulting
in the release of ammonia gas and the formation of a salt from

the alkaline cation and ammonium anion.
(iii) spray dispecsal onto land.
Disadvantages of these processes include the large surface area

required [in particular for (i) and (iii)], the further addition of

chemicals [as in (ii)] and the formation of a final stream still

10, containing the anion originally asscciated with the ammonium ion.
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In some cases the disposal of the anion asscociated with the ammonium
ion may alsc be prohibited in terms of the discharge regulatiens, as

for example is the disposal of the nitrate anien.

SUMMARY OF THE INVENTION

According to the present invention a preocess for ammenium salt
remcval from an aqueous medium containing the salt includes the

steps of:

(1) providing a membrane cell in which two compartments are

separated from each other by an anicon selective membrane:

(ii) passing the ammonium salt rich aqueous medium into one

compartment of the membrane cell;

(iii) passing an alkali sclution through the other compartment of
the membrane cell, the alkali sclution containing cations
which will form a soluble salt with the anion of the ammonium

salt; and
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(iv) passing an electrical direct current through the cell such
that the ammonium salt compartment is at a negative potential

relative to the alkali compartment.

The application of an electric potential across the electrodes of

5 each cell results in:
(1) the anodic oxidation of water:

HO - 2e —2H - %02 : Eo = 0,00V

[ 3]

The oxygen gas is evelved and the hydrogen ions neutralise the

alkali solution, lowering its pH.
10 (ii) the cathodic reduction of water:
2H,0 - 2e¢ —H, - 20H Ec = -0.54v

The hvdreogen gas is evolved. The hydroxide ions increase the
pH of the cathclyte, shifting the ammonium-ammonia equilibrium

toward the formation of ammeonia.

15 The ammonia is scluble in cold water and exists as ammonium
hydroxide. The process may be conducted at elevated
temperatures where ammonium hydroxide rapidly dissociates
releasing ammonia gas from sclution. Alternately air may be
used in addition to the evolved hydrogen to sparge the ammonia

20 from the catholyte.

(iii) anions from the ammonium salt migrate through the anion
exchange membrane from the catholyte toward the positively
charged anode. These anions will carry with them water

molecules.
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DESCRIPTION CF THE DRAWING

The drawing illustrates a flow diagram of an embodiment of the

invention.

DETAILED DESCRIPTICN OF THE INVENTION

The ammonium salt medium will preferably be continucusly passed:
through one compartment of the membrane cell in the form of a
stream. The ammonium salt is removed from this stream without any

undesirable build-up of either caticns or anicns.

The cations of the alkali sclution are preferably alkaline earth
metal cations or other cations which form only slightly scluble
metal hyvdroxides, particularly calcium and lead. The alkali
sclution may be a carbeonate or a hydreoxide sclution. The most
preferred alkali sclution would be a saturated hvdroxide sclutien.

particularly calcium or lead.

Generally, turbulence will be maintained in the compartments to
minimise precipitation build-up on the membrane in the ancde
compartment and tc minimise ion depletion at the membrane surface in

the cathode compartment.

The invention may be used tc remove ammonium salts from effluents or

process streams. It has the advantage over pricr art metheds that:

(1) there is no undesirable build-up of additional ions in the

effluent.

(ii) nitrogen remcval may be achieved in relatively small plants,

reducing the space requirements for treatment/disposal.
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(1ii) a pure concentrated sclution containing the salt of the

ammonium anion and alkaline caticon is formed.

(iv) a gas stream consisting of ammonia gas and hydregen which

could be recycled back to an ammonia synthesising plant.

An embodiment of the invention will now be described. The process

used was as set out in the attached flow diagram.

Apparatus Description

The trial was conducted in a small laberatery cell. The cell ‘was
constructed from PVC, the electrodes were platinised titanium mesh
and the anion membrane was type 103 QIL 336 supplied by Icnics. The

exposed membrane area was 0,00%1 m°.

‘The electrodes were inserted 23mm apart on either side of the

1 . »
membrane. The required conditions of current were maintained acress
the electrodes by means of a regulated DC power supply capatle of

delivering a maximum of 3A and 60V.
®

Two overhead stirrers, inserted into the compartments, maintained

electrolyte turbulence at the membrane surface.
Method

The anolyte compartment was charged with S00ml of a saturated lime
solution containing 3 g/1 Ca(0H),.  The cathclyte compartment was
charged with 200ml of an ammonium nitrate seclution containing 6 g/1
NH NO_.
43

electrodes for a period of 3,75h. Cell voltages, temperatures and

A current of 0,5A (62 A/m°) was applied across the

electrolyte compositions were monitored.



RESULTS

The analytical and physical results are presented in Table 1.

TABLE 1

Ammonium Nitrate Removal by Electrolysis - Results

Time Farsdays | Electrolyte Cell Temp | Electrolyte Anslysis
potential volume pH Cond N + NO3 ~ ca®+*t
th=mgn) N <073 v) ('c) (m1) tmszem | tmg/1) | tmgr1) | img/2
0 0 Anolyte 4,0 3 800 12,3 6,1 - ) 630
Cotholyte 800 5,2 9,2 1300 | 3 1% 0
0-35 10,5 Anoiyte 4,1 24 800 12,3 6,4 - 369 -
Catholyte 800 9,0 1,6 1 100 ) 2 835 -
1-15 23,3 Anolyte 4,4 24 790 12,1 5,9 - 981 190
Cotholyte 150 9,4 5,1 930 | t 8% -
2-00 |- 37,3 Anolyte 6,0 25 180 9,4 3,6 - 1 78% -
Catholyte 780 9,8 4,7 100 | 1 350 -
2-5% 54,4 Anclyte 9,2 25 110 3,98 6,0 - 2 625 1 030
Cetholyts 110 10,2 1,3 0 468 -
3=45 10,0 Anclyte 18,0 23 160 12,3 9,1 - 2 948 1535
Catholyte 760 11,0 0,3 0 20 13

a After collecting this sample 2g of lime was added to

b Analysis on filtered samples

the anolyte




Table 2 gives the current efficiencies for the

splittine of ammonium

gas and calcium nitrate.

nitrate to vield ammonia

TABLE 2

Electrolysis - Current Efficiencies

Ammonium Nitrate Remcval by
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DISCUSSION AND CONCLUSIONS

Performance of Process

The process enabled virtually the complete desalting of a 6 g1

NHdNO: solution te yield:

(1) a depleted cathelyte, slightly alkaline and very low in

wn

inorganics (conductivity = 0,3 mS cm).

(ii) an anclyte containing suspended lime and scluble calcium
nitrate and calcium hydroxide. Contrel of lime .addition will
enable the pH of this electrolyte to be controlled and hence

10 the ratio of calcium pnitrate to calcium hydrexide.

(iii) a hydrogen and ammconia gas stream and an exygen gas stream.
Since the present trials were conducted at ambient temperatures,
little ammenia gas was evolved. It is, however. envisaged that the
process be carried out at elevated temperatures to accelerate the

15 release of dissolved ammonia (NH,QH).

4

Current Efficiencies

Only two electrode preocesses are likely te occur:

(1) the oxidation of water at the ancde tc release oxygen gas and

hyvdrogen ions.

20 (ii) the reduction of water at the cathcde to release hvdrogen gas

and hyvdroxide ions.
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It is'likely that both these reacticns will proceed at 1007
efficiency. The current efficiency at which ammonium hvdrexide is
formed in the catholyte and at which nitrates are transported to the

anclyte average SO to 1007 (Table 2). Factors decreasing these

current efficiencies include:

(1) the transport of OH  1ions across the anicn exchange membrane
in place of NCO. ions, particularly at low nitrate
concentrations.

(ii) the back-migration of small amocunts of calcium ions from the
anolyvte to the catholyte, which occurred due to incomplete
selectivity of the anion exchange membrane. These calcium

L S - . . . . .
ions become associated with evelved hydrexide ions, thus
reducing the amount of hydroxide available for ammonium
hyvdroxide formation.

Operating Parameters

The initial test proved that the technclegy achieves the objective

of denitrification of an ammonium nitrate stream.

As an example, preliminary predictions have been made concerning

plant size for the desalting of an effluent stream of the

characteristics shown are given in Table 3. Fredicted membrane area

for the removal of 2.4 tons-day of NH4NO3 at 307 current efficiency
and at ambient temperature varies from 5 m° for operaticn at a
current density of approximately £ 400 A/m’° to 40 m° for operation

at a current density of approximately 1 050 A/m°.
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TABLE 3

Full-Scale Plant - Required Membrane Area

Assumptions:

Effluent flow 20 m* /h

Effluent concentration 521 NH4N03

Effluent mass flow 100 ke 'h NH4NOS

Current efficiency So7

Electricity required for 1007 remcval 1 563 F/h

N -
| 47 . |
| Current Density | Membrane Area |
l A'mt ! m’ l
| | !
| ) I |
% $ 376 i 5 '
l 4 158 ] 10 !
| 2 7092 | 15 l
| 2 004 | 20 |
L N
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