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INNOVATION IN LABORATORY ANALYSIS AT HEAVY WATER PLANTS

- T.K. Pushpakaran, HWP Baroda

This paper attempts to discuss the importance of labo-
ratory analysis and their innovation in Heavy Water Plants.

Importance of Laboratory Analysis :

Irrespective of the nature of heavy water production
processes, laboratory analysis are required for process and
material selection, in-process and finished product monitor-
ing and control of raw materials, process chemicals and
utilities, problem solving studies, etc. Though on-line
instrumentation and control system are in use widely, labo-
ratory analysis are found essential to cross check the
results and to calibrate the on-line systems. These are not
found to replace the laboratory analysis but only to supple-
ment. There are cases where the frequency of laboratory
analysis has gone up with the installation of on-line in-
struments .

A Heavy Water Plant is required to carry out analytical
work covering a broad range of concentration of the impuri-
ties or the matrix from trace level to percentage levels.
Hence a wide range of instruments like mass spectrometer,
IR-UV-visible spectrophotometer, gas chromatograph, etc. and
other sophisticated techniques are used in the laboratory
work. Whereas a hydrogen-sulfide based Heavy Water Plant can
be operated more or less independently, a hydrogen based
plant is always dependent on a Fertilizer Plant for its
operational requirements of raw materials, etc. This added
another dimension to the laboratory practices to be followed
in Heavy Water Plants based on hydrogen for better control
of processes, safety, etc. Importance of laboratory analysis
and their innovation is discussed here with reference to
Heavy Water Plants based on hydrogen-ammonia exchange.

Heavy Water Plant (Baroda) is operated with the labora-
tory's analytical support at an average 50,000 measurements
on 22,000 samples per annum apart from various experiments
and tests for problem solving purposes/indigenisation etc.
Each measurement has its own importance in attaining the
optimised process and quality controls for sustained opera-
tion of the plant.

Some of the salient aspects where analytical practices
adopted in this Heavy Water Plant increased productivity,
are summarised below :-

Deuterium hydrogen content and impurities in the feed
synthesis gas of our plant determine the efficiency of
ammonia plant and condensate treatment unit.
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Optimum catalyst concentration increases the deuterium
extraction and flow properties while reducing the operating
cost. For a given inlet deuterium concentration, deuterium
extraction determines the efficiency of the plant.

Even trace level impurities in the process stream give
unending irreversible problems in the process since this is
a continuous plant handling a large quantity of feed materi-
al in a closed circuit. This also helps in reduced drains
resulting in reduced operating cost and environmental pollu-
tion apart from increasing the life of the process, cracking
and convertor catalyst.

Quality of potassium metal controls the quality of
potassium amide catalyst produced, HWP (Baroda) indigenired
the materials like potassium fluoride, calcium carbide,
paraffins, etc. for the purpose and increase the productivi-
ty with strict control on the raw materials quality.

HWP (Baroda) developed indigenous substitutes for
imported O-Rings, cables. packings, ceramics cordesite,
activated charcoal, silica gel, alumina gel, oils/lubri-
cants, chemicals, etc. based on the methods developed by
this laboratory to test and to identify the material with
respect to its proposed use.

Role of Innovation in Laboratory Practices :

Innovation in the laboratory practices is as important
as the laboratory practice itself as the ultimate aim is to
optimise the process conditions to get maximum productivity.
HWP (Baroda) laboratory has gone a long way since taking up
the first exercise carried out in the early seventies during
erection for identification and evaluation of a passivating
solution filled in two high pressure ammonia coolers
received from M/s. Gelpra when there was no infrastructure
for this laboratory at site.

Many experimental methods apparatus, equipments, etc.
designed and fabricated and methods developed for our use
have since benefited other Heavy Water Plants in India as
well.

A few of many such cases where innovations produced
results with unforeseen advantages are summarised below :-

A. The heavy water produced at HWP (Baroda) is acidic. The
procedure recommended by consultants to treat the acidic
heavy water has found to be inadequate. Consequently method
was established for treating the acidic heavy water with
indigenous resins and the heavy water so treated was used
for commissioning of Madras Atomic Power Plant (MAPP).
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B. During a plant restart, the moisture level did not come
down to specified level even after 2 weeks using the stand-
ard procedure. This problem was studied and a procedure of
scouring the liquid ammonia with synthesis gas in the tower
was developed which brought down the moisture level in the
permissible range within 24 hrs.

C. The product yield of potassium metal plant was only 50%
after initial start up. There was a difficulty in removing
the slag from the restart also. This problem was investigat-
ed and solved leading to an increase in yield to 80%. This
experience further led to improvement in specifying the raw
materials also.

D. The consultants had recommended sampling of liquid
ammonia for its moisture measurement in a dry ice bath. As
this procedure had inherent unreliability in contaminating
the sample with trace impurities, investigations were car-
ried out and a suitable method was developed which did not
require a dry ice bath.

E. Similar innovations were carried out to develop a
suitable method for sampling swept potassium amide in syn-
thesis gas.

F. A simple and accurate method of sampling potassium
amide solution involving single stage operation as against
two stage operation recommended by the consultants was
developed.

G. Studies were carried out regarding jamming of pumps
(12T1/T2) due to CO/CO2 reaction products leading to a rise
in pressure drop. This study enabled development of operat-
ing parameters for smooth operation.

H. Feasibility of the use of NOX monitor for determining
ammonia in atmosphere was established and regular ammonia
monitoring was taken up.

I. Millipore filtration apparatus was indigenised and thus
could be used for monitoring oil in synthesis gas at 3-4
points simultaneously for real time comparison.

J. Experimental studies conducted to indigenise 1-Heptanol
with 2-Ethyl hexanol for killing free potassium in n-Hexane
used for washing potassium metal free of paraffins.

K. Methods were developed to detect and to estimate Hepta-
nol/Hexanol in n-Hexane and corrosive dimethyl amine in
nitrogen gas.

L. Deposit formation in catalyst preparation unit was
studied and preventive measures suggested.
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M. Use of direct reading density meter to analyse reproc-
essed heavy water of intermediate concentration range for
IP.

N. A method was developed to calibrate mass spectrometer
to offset nitrogen interference. This increased accuracy and
reliability of deuterium measurement in synthesis gas.

0. Pilot Plant for ammonia-water exchange was test run
successfully with methods established for estimation of
water-ammonia mixture, isotopic concentration in ammonia
vapour, water and mixture of water-ammonia, etc.

P. Procedures were established for preparing standards for
trace level CO/CO2 and D2 for on-line instruments.

Conclusion

Laboratory practices and innovations play major roles
in a high tech field like heavy water production especially
when such facilities are not available elsewhere. Apart from
reaching our goal in production, these are essential for
keeping safety and efficiency in process and quality control
operations, pollution monitoring and control etc.
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