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OPERATING EXPERIENCE OF HEAVY WATER PLANT AT TALCHER USING
BITHERMAL AMMONIA-HYDROGEN EXCHANGE PROCESS

T.K. Haldar, Manoj Kumar and C.B. Ramamurty

INTRODUCTION:

Ammonia-Hydrogen exchange process has been used in
India as one of the major processes for the production of
heavy water. This has been employed both as monother-
mal as well as bithermal process.

In the monothermal ammonia-hydrogen exchange process
enrichment of deuterium in the liquid ammonia phase takes
place by chemical exchange between ammonia and hydrogen
(synthesis gas) at a low temperature of around -25 deg.C as
per the following exchange reaction.

NH3U) + HD(g) > NH2DU) + H2(g)

In order to provide necessary reflux to the exchange
towers - in the form of synthesis gas enriched with deuteri-
um - crackers are used for phase conversion i.e. conversion
of liquid ammonia (NH2D) into synthesis gas (N2+3HD).

In the bithermal ammonia hydrogen exchange process the
exchange reaction takes place at two different temperatures.
Enrichment of deuterium in the liquid ammonia phase takes
place at low temperature (-30 deg.C) as per the exchange
reaction given above. The reflux for the exchange tower, in
the form of synthesis gas enriched in deuterium, is provided
by using a hot tower which operates at a higher temperature
of approximately 65 deg.C and in which the equilibrium of
the reversible exchange reaction shifts towards the left.
In a simple bithermal ammonia-hydrogen exchange process
consisting of a pair of cold and hot towers, the maximum
theoretical recovery can only be around 40% (a C - a
H)/ a C. In order to increase the recovery efficiency an
additional pair of cold and hot towers known as strippers
are provided. Plant using bithermal ammonia hydrogen ex-
change process has been designed for a recovery efficiency
upto 85%.

In view of the low reaction rates of the exchange
reaction, potassium amide, which remains dissolved in the
liquid ammonia phase, is used as a catalyst both in the
monothermal and bithermal processes.

In the early seventies when India's nuclear power
programme required installation of a few heavy water plants
to augment ths heavy water production capacity, monothermal
ammonia-hydrogen exchange process was employed for the
plants at Baroda and Tuticorin while a plant employing
bithermal ammonia-hydrogen exchange process was set up at
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Talcher. This plant was set up based on the process
developed by M/s Friedrich Uhde, GmbH of West Germany who
also supplied the engineering services.

PROCESS DESCRIPTION:

Schematic flow diagram of heavy water plant (Talcher)
is shown in figure I.

Feed synthesis gas from the ammonia plant of the adja-
cent fertilizer unit (M/s Fertilizer Corporation of
India), after purification, passes through a pair of trans-
fer towers where deuterium from the synthesis gas is ex-
tracted by a stream of ammonia depleted in deuterium and
flowing countercurrently to the synthesis gas. The transfer
towers operate at app. -30 deg.C and at a pressure approxi-
mately 5 kg/sq.cm higher than the operating pressure of the
synthesis loop of the ammonia plant.

The circulating ammonia stream after extraction of the
deuterium from the feed gas is successively enriched in 3
stages known as first, second and third enrichment stages.
Each stage consists of pairs of cold and hot towers which
operate at -30 deg.C and + 65 deg.C respectively. In the
first stage one additional pair of hot and cold towers
known as hot and cold strippers are provided to generate a
liquid ammonia stream - sufficiently depleted in deuterium -
which is to be used as reflux in the transfer tower. These
cold and hot strippers also operate at - 30 deg.C and +65
deg.C respectively. All the exchange towers are equipped
with sieve trays as gas-liquid contacting device.

Independent of the operating pressure of the adjace-
nent ammonia plant, the operating pressure of the enrichment
stages is maintained at about 300 kg/sq.cm. The tempera-
tures and the pressure are optimised keeping in view the
rate of reaction, humidity ammonia in circulating synthe-
sis gas, volumetric flow, plant volume, energy consump-
tion, effective separation factor and the capital cost of
the plant.

Since circulating liquid ammonia and synthesis gas are
to P388 successively from hot towers to cold towers and
vice versa, both these streams are heated up/cooled down
alternately using a network of heat exchangers, steam heat-
ers and ammonia chillers.

The circulating ammonia is enriched to a deuterium
content of approximately 17.5 % in the 3rd stage. A part of
this ammonia stream along with dissolved potassium amide is
withdrawn and fed to catalyst separation unit where potas-
sium free enriched ammonia is generated. This enriched
ammonia is exchanged with water in an Ammonia-water exchange
tower and finally the water is distilled under vacuum in a
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distillation column to get nuclear grade heavy water.

OPERATING EXPERIENCE AT HEAVY WATER PLANT TALCHER:

On mechanical completion of the plant at Talcher,
commissioning started in early eighties. From the commis-
sioning stage itself, the plant encountered a number of
problems which did not permit plant operation at the
envisaged flow rates and temperatures. Even at the flow
rates and temperatures that could be maintained, the over-
all plant performance was not satisfactory.

The deficiencies observed can be broadly classified as
under:

1. Formation of solid deposits during heating of potassium
amide solution and also during saturation of synthesis gas
with potassium amide solution.

2. Inability of exchange towers to process the designed
gas flow rates due to limitations of the sieve trays.

3. Inadequate exchange efficiency of the sieve trays of
the exchange towers thereby reducing overall performance.

4. Inherent process characteristic of differential potas-
sium concentration in the circulating ammonia at different
plant sections, thereby reducing potassium concentration to
a very low value in second and third stages. This results
in further deterioration of plant performance.

1. Formation of solid deposits:

In the enrichment stages of a bithermal process, syn-
thesis gas and liquid ammonia (containing potassium amide
catalyst) are circulated successively through the cold and
hot towers (Refer figure I). Therefore, when cold gas from
a cold tower passes to a hot tower, the gas requires to be
heated up from the cold tower temperature to the hot tower
temperature. In addition, the cold gas which was saturated
at the cold tower temperature is to be humidified to the
saturation level corresponding to the hot tower temperature.
In the Heavy Water Plant at Talcher, heating and humidifica-
tion of gas streams entering hot towers (including hot
stripper) are done as per schemes shown in figure 2a, 2b and
2c.

For the hot stripper and the hot tower of 3rd stage,
heating and humidification is carried out by exchanging the
gas with a circulating stream of hot process ammonia con-
taining potassium amide (Refer figure 2a and 2b). As per
design, the heat duty was proposed to be provided by beating
the circulating process ammonia in a steam heater upto 100
deg.C so as to attain the corresponding hot tower tempera-
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ture of + 65 deg.C. In the hot towers of first and second
stage, the same was proposed to be achieved by first heating
the gas directly in a steam heater and then humidifying it
by contacting with process ammonia containing potassium
amide {Refer figure 2C). In order to attain the hot tower
temperature of +65 deg.C, the gas was proposed to be heated
upto 95 deg.C. Gas and liquid contacting for heating and
humidification is done in the bottom sections of the respec-
tive towers.

During commissioning and subsequent operation, the
tubes of the steam heaters, in which process ammonia with
dissolved potassium amide is heated, are found to get fouled
to the extent that the heat transfer practically ceased
within a few days. The severity of fouling is observed to
increase with increase in temperature of amide solution.
Also in the bottom sections of all the hot towers, where
humidification takes place, solid deposits are found to be
formed thereby choking the holes of the sieve trays. This
results in progressive reduction in gas throughput through
these towers.

These problems were analysed by collecting data from
the plant and also by carrying out experiments in an experi-
mental set up specifically designed for this purpose. It
was revealed that potassium amide solution, if heated
beyond approximately 70 deg.C, particularly with steam at
temperature beyond 100 deg.C, the amide side heat transfer
surface gets gradually fouled. Rate of fouling increases
with increase in amide side skin temperature and reduction
of system pressure. Thickness of such deposit layers even
exceeds 5 mm within a few days of operation. The deposits
react violently with water with occasional explosions,
indicating presence of solid potassium amide and other
reactive compounds of potassium. Chemical analysis of these
products however shows considerable percentage of potassium
hydroxide, perhaps due to contamination with air during
sampling and analysis. Restricting the temperature of the
amide solutions upto 65-70 deg.C and heating with steam
under vacuum (i.e. steam temperature below 100 deg.C) has
appreciably reduced this problem of fouling.

Similary it was established that drying of potassium
amide solution - leading to the formation of solid parti-
cles - takes place during contact between unsaturated
synthesis gas with potassium amide solution which becomes
severe beyond 55 to 60 deg.C. These solid particles, though
predominantly contain potassium amide, do not redissolve
either in pure ammonia or in the circulating potassium amide
solution. Experiments carried out by contacting same potas-
sium amide solution with saturated synthesis gas under
identical conditions, interestingly did not give any solid
deposits. Mechanism of formation of such solid deposits is
not clearly understood though it is believed that sudden
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loss of ammonia in the process of humidification and
formation of 'deammoniated*' potassium amide solid is one of
the reasons for the formation of such deposits. Potassium
amide is known to remain in solution as KNH2.2NH3. It is
also established that traces of impurities like potassium
hydroxide, rust particles and other reaction products con-
tribute both to the formation of the solid particles as well
as their lack of solubility in ammonia. The tendency to-
wards and quantity of deposit formation increases with
increase in temperature, degree of unsaturation in the gas,
gas flow rates and potassium concentration in the amide
solution. Deposits so formed normally settle on the sieve
trays of the exchange towers thereby partially choking the
holes of the trays. This results in gradual reduction of
gas throughput thereby leading to a condition after certain
period of operation, where the operation cannot be contin-
ued further.

In order to sustain plant operation it therefore became
essential to restrict the temperature of potassium amide
solution to approximately 65 deg.C instead of 100 deg.c
envisaged in the design. The maximum hot tower temperature
that can be achieved under this condition is only 50 - 55
deg.C against 65 deg.C envisaged in the design. That too
only after increasing the rate of circulation of potassium
amide solution through the steam heater in order to increase
the total heat duty.

It also became clear that as long as saturation of
synthesis gas is required to be done with potassium amide
solution, complete elimination of deposit formation is not
possible. Therefore, by controlling the operating parame-
ters like temperature, degree of saturation, potassium
concentration in the circulating ammonia etc., the extent of
deposit formation has been minimised so as to sustain plant
operation for reasonable duration. This reduction in tem-
perature of hot towers, however, reduces the overall separa-
tion factor (alpha Cold /alpha Hot) of the enrichment
stages which, along with others, ultimately results in poor
recovery efficiency of the plant.

If the operating conditions of the hot towers are
desired to be maintained as per the design values, the
heating and humidification of the synthesis gas has to be
done using pure ammonia. This pure ammonia to the tune of
25 tonnes/hr, has to be generated from the circulating
potassium amide solution, which is an expensive and
elaborate modification.

As a short term measure, in order to avoid direct
contact of unsaturated gas with insufficient quantity of
potassium amide solution in localised zones below the bottom
most tray, the downconers of the bottom most trays for all
hot towers were extended below the normal liquid level in
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the tower sump. In addition, for hot stripper, the holes of
the bdtfom most tray, just above the gas inlet nozzle have
been blocked. The effect of these modifications are being
studied.

2. Inability of exchange towers to process design gas flow
rates:

The exchange towers of Heavy Water Plant (Talcher) are
equipped with special perforated trays. These are conven-
tional sieve trays with smaller hole diameters of 1.2 mm.
The tray spacings are also considerably lower (250 mm to
300 mm for diameters upto 2.2 meters) to accommodate large
number of exchange stages within reasonable tower volume.
During commissioning stage of the plant, when gas and liquid
circulation through the exchange towers were taken up with-
out potassium amide i.e. with synthesis gas and pure ammo-
nia, gas throughput through the exchange towers could be
maintained even beyond the design value. No flooding or
carry over of ammonia was encountered during such opera-
tions. However, when plant operation with ammonia having
dissolved potassium amide commenced, notwithstanding the
limitations mentioned in 1 above, the gas flow rates could
not be increased beyond approximately 65-70% of the design
value. Any attempt to increase the flow rates beyond this
resulted in excessive liquid carry over and frequent flood-
ing of some of the exchange towers. During such operations
Measurement of height of foam level on the trays showed a
very high value which even exceeded the trays spacings.
The problem is believed to be the result of unfavourable
foaming characteristic (low foam density) of potassium amide
solution under the operating conditions which, probably,
were not taken into account in the design due to nonavail-
ability of adequate data.

The gas flows of the exchange stages are therefore
limited to values ranging between 60-65% of the design value
to maintain stable operation of these towers without flood-
ing and excessive liquid carry over.

In the existing system no major modifications to elimi-
nate this problem is possible. However, on the basis of the
observed foaming characteristic of potassium amide solution,
weir height of the trays of some of the hot towers were
reduced to a level where the gas throughput could be im-
proved to approximately 75 % of the design value without
any appreciable liquid carry over.

3. Inadequate exchange efficiency of the sieve trays
provided as exchange trays:

The sieve trays installed in the exchange towers were
designed on the basis of performance data collected in a
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pilot plant. No data from any previous operating plants was
available. The data obtained from the pilot plant towers of
around 250 mm diameter had been extrapolated to towers of
diameter upto 2.2 meters. Under the operating conditions at
Heavy Water Plant Talcher the efficiency of the exchange
trays have been calculated from the observed terminal
deuterium concentrations of various towers. The observed
tray efficiencies were only approximately 50% of the design
values. This is mainly due to poor tray hydraulics, low gas
flow rates and low catalyst concentration. The lower tray
efficiencies imply lower separation duty of the enrichment
stages which contributes to both poor enrichment of deuteri-
um in various stages ae well as lower recovery from the
feed synthesis gas. la the absence of basic design data,
any modifications to improve the tray efficiencies cannot be
considered.

4. Differential amide concentration in differnt plant
sections:

In the bithermal process, as evident from the schematic
flow diagram given in the figure-I, circulating potassium
amide solution, once fed to the system, remains in circula-
tion through all the exchange towers. Except for occasional
make-up, no additional potassium amide is fed to any plant
section. When circulating synthesis gas passes from hot
tower to the cold tower humidity ammonia is separated in the
process of cooling and this separated ammonia is fed to the
hot towers. Total liquid circulation through hot towers of
any stage .is, therefore, much higher than the liquid
circulation through the cold towers. The amide concentra-
tion in the circulating liquid in the hot tower is thus
much lower than that in the cold towers. Product withdraw-
al from one stage to .next stage is done by transfer of
circulating potassium amide solution (and also synthesis
gas) from the bottom of cold towers. Due to dilution in
sumps of the cold towers in each stage, potassium concentra-
tion in the circulating potassium amide solution also re-
duces from stage to stage and in the hot tower of 3rd stage
it becomes only one-fourth of the amide concentration at the
cold towers of first 'stage. This gradual reduction in
potassium concentration from stage to stage reduces the
efficiency of exchange trays in the second and third stage.
The reduction in efficiency also contributes to the lower
overall performance of the plant. Modification schemes to
overcome this deficiency are under study.

EFFECT OF OBSERVED PROBLEMS ON THE OVERALL PERFORMANCE OF
THE PLANT:

The limitations of gas throughput in the exchange
towers, due to foaming characteristics of potassium amide
solution and resulting unfavourable hydrodynamic behaviour
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of the sieve trays, forced operation of all the enrichment
stages of heavy water plant, Talcher with reduced synthesis
gas and ammonia flow rates.. In the strippers - which gener-
ates depleted ammonia (reflux) to be fed to the transfer
sections for recovery of deuterium from the feed gas- this
reduced flows limit the quantity of depleted ammonia to be
fed to the transfer towers. This means the plant can only
handle a limited quantity of teed synthesis gas (app. 50 %
of the design value).

The reduced temperature of hot towers, lower tray
efficiency and lower potassium amide concentration in the
circulating ammonia result in low stage enrichments. The
deuterium concentration of product from the third stage
is only around one-fifth of the designed product
concentration. On the other hand, the deuterium con-
centration of depleted ammonia (reflux) frcm the hot strip-
per is about three times the design value. This implies
that the deuterium concentration of depleted synthesis
gas to be returned to the ammonia plant is three times
the design value. This reduces the recovery effi-
ciency of the plant

( [D] -[D] /[D] to around 60% of the design
feed waste) feed

value.

Gradual choking of holes of sieve tray due to formation
of solid deposits results in progressive reduction of gas
throughput .in the exchange towers from the original value
of 50-60% of design. After a few months operation, gas
throughput reaches a level when water washing of the system
becomes a necessity. Water washing of any system is to be
followed by ammonia drying upto a very( low moisture level.
This requires several filling and draining of all the towers
and some other equipment with moisture free ammonia. Due to
very large plant volume and limitation in the rate of avail-
ability of ammonia, considerable time is lost before plant
is ready for restart. This along with other factors like
the dependence of the heavy water plant on the adjacent
ammonia plant for the feed stock/utilities and the sensitiv-
ity of heavy water plants towards disturbances like power
fluctuation etc. limit the achievable onstream hours of the
plant.

The combined effect of all the above factors is the
unusually low heavy water production from the plant.

CONCLUSION:

The energy consumption of the bithermal ammonia-hydro-
gen exchange process adopted in heavy water plant Talcher is
appreciably lower compared to monothermal process. The
operation is also considerably simple and do not require
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either critical operating conditions or any specialised
equipment. However, unless effective modifications to over-
come the observed problems as enumerated above are incorpo-
rated and improvement in the production from the plant is
achieved, the effect of low energy consumption cannot be
realised.
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HEATING OF GAS BEFORE ENTERING HOT COLUMNS
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