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OPERATING EXPERIENCE OF GAS PURIFICATION SYSTEM
OF HEAVY WATER PLANT TALCHER

- R. Bhattacharya, P.R. Mohanty and
B.L. Pandey, Heavy Water Plant
Talcher.

INTRODUCTION :

Heavy Water Plant Talcher is based on bithermal ammonia
hydrogen exchange process developed by M/s Friedrich Uhde
GmbH of Gemany. The plant is parasitic in nature and
depends on the adjacent fertilizer plant of M/s Ferti-
lizer Corporation of India for feed synthesis gas and
other utilities.

The heavy water plant essentially consists of a feed
gas purification system for removal of traces of oil and all
oxygenated impurities; a transfer section where deuterium
content of the feed gas is extracted by the ammonia con-
taining potassium amide; three enrichment stages where the
ammonia containing the extracted deuterium is successively
enriched by countercurrent contact with synthesis gas on
sieve trays of the exchange columns and a final concentra-
tion unit.

The fertilizer plant of FCI at Talcher is a coal based
plant utilising partial oxidation of pulverised coal for
producing the raw synthesis gas. The raw synthesis gas is
then purified by rectisol process, which is based on
physical absorption of H2S and C02 by methanol, in two
stages one before and one after the CO shift converter. The
purified gas is then subjected to a liquid nitrogen wash
where other impurities such as traces of NO, N02, remain-
ing CO2, etc. are removed. A molecular sieve is also used
to reduce the CO content of the synthesis gas. The purified
synthesis gas at the desired etichiometric ratio of hydro-
gen to nitrogen is then compressed to the operating pres-
sure of ammonia synthesis section by a centrifugal synthesis
gas compressor. The feed synthesis gas to heavy water plant
is drawn from the discharge of the synthesis gas compressor.
It contains traces of oxygenated impurities like CO, C02,
moisture and Oxygen to the extent of around 10 ppm each.
It also contains traces of oil vapour due to contamination
by seal oil in the synthesis gas compressor. These impuri-
ties at such levels are not harmful in the ammonia synthesis
section but are detrimental to the heavy water plant since
these impurities form insoluble products by reacting with
potassium amide, the catalyst used in heavy water* plant.
This solid reaction products would clog the fine holes of
the sieve trays of the exchange columns. The feed synthesis
gas is, therefore, required to be purified to remove these
impurities, before entering the exchange process.



Ml

PRINCIPLE OF PURIFICATION PROCESS AND LABORATORY STUDIES:
»

All oxygenated impurities Mentioned above react sponta-
neously with potassium amide solution. Since potassium
amide solution is otherwise used in the exchange process as
a catalyst, advantage is taken of this spontaneous chemical
reaction to remove these impurities upto practically nonde-
tectable level in a purification system upstream of the
exchange section.

Experiments on final purification of hydrogen and
synthesis gas by washing with liquid ammonia and potassium
amide solution in ammonia were carried out by Prof. Schinde-
wolf and Dr. J. Hornke(l). Hydrogen with impurities from
100 to 1500 ppm was passed through a column at pressures
ranging between 20 and 150 bar. The equilibrium concentra-
tion of CO2 £ Hater with ammonia and CO & CO2 with potassi-
um amide solution were measured. At 30 bar pressure,
equilibrium concentration of CO2 in the gas phase, when in
contact with ammonia saturated with CO2 at -40 deg. C was
below detection limit of 0.5 ppm. At higher pressure, the
equilibrium concentration would be much lower (approximate-
ly 0.05 ppm at 200 bar). The efficiency of tray for absorp-
tion of C02 in ammonia was practically 100%. Similarly
equilibrium concentration of CO and oxygen in gas phase was
below the detection limit at temperatures between -50 and
+20 deg. C at 40 bar pressure. At higher pressure say 200
bar, the equilibrium concentration would be below 0.1 ppm.
The plate efficiency for this process depends on various
factors as under:

1. The murphee efficiency increases from 0.75 to 1.0 with
increase in temperature from -60 deg. C to -30 deg. C.

2. The murphee efficiency increases upto approximately
0.6 with increase in potassium amide concentration upto 15
gm'k'/litre ammonia (25 gm'k'/kg ammonia or 35 gm KNH2/kg
ammonia) (Ref. figure 1).

3. The murphee efficiency decreases with increase in gas
throughput. Reduction in efficiency is faster with higher
nozzle/hole diameter (Ref. figure 2). Rate of reduction in
efficiency is also enhanced by reduction of liquid height on
the tray (Ref. figure 3).

PURIFICATION SYSTEM AT HWP TALCHER:

The schematic diagram of the purification system of
Heavy Water Plant Talcher is shown in figure 4. Oxygen is
first removed from the feed gas in a deoxo unit followed by
scrubbing with ammonia in the first stage of purification
tower to remove water and carbondioxide. Rest of the
oxygenated impurities are then removed by reaction with



HI

potassium amide in the second stage of the purification
tower. This reduces total consumption of potassium.

The feed synthesis gas from fertilizer plant passes
through beds of activated charcoal and palladium catalyst
in deoxo vessel. The gas from the deoxo/vessel , after
cooling, enters the purification column. In the lower part
of the purification column, the gas is saturated with ammo-
nia and is simultaneously freed from carbondioxide and
•oisture by scrubbing with anhydrous liquid ammonia drawn
from the ammonia plant. The moist ammonia from the bottom
of purification column is returned to the ammonia plant. In
the second part of the purification column the gas meets
counter current stream of potassium amide solution and gets
freed from CO and 02 by chemical reaction. The potassium
amide solution containing the reaction prciucts are with-
drawn from the bottom of the second part of purification
column. This is flashed into a low pressure tank where the
insoluble compounds get settled. The purified gas from top
of purification column then enters the transfer column. The
pressure drop of purification system along with the transfer
section is maintained by a recirculating centrifugal com-
pressor.

The deoxo vessel is designed for removal of oil and
oxygen from a gas stream containing upto 10 ppm each of
these impurities at a maximum gas throughput of 107500
NM3/hr. It contains activated charcoal and palladium
catalyst in two different sections of the vessel. A drain
point is provided after the charcoal bed for removal of
separated oil, if any. The carrier for the deoxo catalyst
is high surface area activated carbon in the granular form.
The palladium content of the catalyst is 0.1 to 0.5 % by
weight.

The purification column is designed for removal of CO
and water - formed in the deoxo vessel - from a gas stream
containing upto 10 ppm each of these impurities. It consist
of two sections separated by a chimney tray. Bottom section
consist of 28 bubble cap trays while the top section con-
tains 10 bubble cap trays.

Online analysers are provided to ascertain purity of
the gas with respect to oxygen (before and after deoxo
vessel) and carbon monoxide (before and after purification
tower). Since the feed gas at Heavy Water Plant Talcher
does not contain carbondioxide due to the liquid nitrogen
wash in the ammonia plant, no analyser is provided for the
same.
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OPERATING EXPERIENCE :

The ' purification system at HWP Talcher has performed
satisfactorily with maximum 90% volumetric gas load (60%
•olar flow). However, the perforaance could not be tested
at higher gas load due to limitation of the feed gas from
FCI. The range of concentrations of oxygen and carbon
monoxide measured in the feed synthesis gas and the purified
gas during previous 5-6 years operation is shown in Table 1.
As evident from the analysis of the oxygen content in the
gas outlet of the deoxo vessel and the CC content in the gas
outlet of the purification column, the performance of both
the deoxo vessel as well as the purification column has
been satisfactory even though the levels of impurities in
the feed gas has been rather high.

Pressure drop across purification column during previ-
ous operations did not show any undue increase with time and
the purification column has never been a bottleneck for
increase in gas throughput through the plant. Pressure drop
across the purification column and the transfer towers
against the volumetric gas flow over a particular operating
period is shown in figure 5. The fact that there has been
no problem of deposit formation in the transfer towers and
that no abnormal increase in pressure drop has ever been
faced in these towers further confirms the effectiveness of
the purification system of heavy water plant Talcher.

The operating experience of the purification system
has also identified certain areas with further scope for
improvement. These aspects with the suggested remedies
are given below.

When heavy water plant remain in closed loop
operation following shut down of the ammonia plant, ammonia
circulation in the bottom section of the purification column
cannot be maintained due to nonavailability of ammonia.
During this period the circulating gas pi \. ip ammonia
from potassium amide solution in the upper fa rc.io.i of the
purification column thereby causing certain amount -f drying
of potassium amide. This can be overcome by installing a
separate ammonia tank for pure ammonia circulation in closed
loop with the bottom section of purification column.

In case of unplanned shut down of the plant the entire
potassium amide solution in the upper part of the purifica-
tion column dumps on the chimney tray. Any restriction of
flow of this liquid to the settling tank or malfunctioning
of the level measurement/control system may cause overflow
of potassium amide into the lower part of the column. This
contaminates pure ammonia with potassium amide. This can be
overcome by suitably increasing the capacity of the chimney
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tray of the purification column to accommodate entire liquid
hold up , of the top section. Alternately two sections of
purification column can be separated.

CONCLUSION :

The operating experience at Heavy Water Plant Talcher
shows that the purification system has performed satisfacto-
rily even with levels of impurities as such as 15 to 20 ppm
of oxygen and carbon monoxide. The system could, however,
not be tested at designed gas throughput and on a sustained
basis. However, increase in gas throughput upto the design
value is not expected to pose any problem on the performance
of the purification system. From the experience gained at
Heavy Water Plant Talcher and limitations identified, a
reliable system can be designed which will ensure trouble
free operation of the down stream sections of all Heavy
Water Plants.
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Table 1

LEVELS OF IMPURITIES IN FEED GAS VS. PURIFIED GAS AT HWP TALCHER

Impurities Concentration at various locations(ppm)

Feed gas After deoxo After purifi-
vessel cation column

Oxygen 10-20 0.1-0.4 0.1-0.4

Carbon monoxide 5-10 5-10 0.1-0.4

Oil 5-10 Nil Nil
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FIG-5: GAS FLOW ANDPRESSURE OROP ACROSS
PURIFICATION AND TRANSFER COLUMNS.
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