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ABSTRACT
Chemical engineering processes and operations are
clesely involved in every step of the nuclear fuel cycle.
Starting from mining and milling of the ore through the
production of fuel and other materials and their use in
nuclear reactors, fuel reprocessing, fissile material re-
cycle and treatment and dispossl of fission produpt wastes,
each step presents a challenge to the chemical enginser to
evolve and innovate processes and ftechniques for mure
efficient utilization of the energy in ths atom. The"
requirement of high recovery of the desiréed components at
high purity levels i1s in itself a cdhallenga. "Nuclear
Grade" specifications for materials puts a requirement
which very few industries can satisfy. Rogovery of uranium
and thorium from low grade ores, of leavy wvater from rav
water, ate, are cxauples. Economical and large. scale -
separation of isotopes particularly thoss of heavy elements
is a task for which processss are under various stages of
development: Further design of clemical plants sueh as
fuel reprocessing plants and high level waste treatment
Vo plants, vhiob ars to be operated and maintained remotely
“ dus to the high levels of radice-aedivity call for engineer-
ing skille which are toing continually evolved., In the
reactory -analysis of ths fluld machiaics and optimun design
of heat removal system are othsr examplos there a olmmioal
engineer can play a useful role. JIu addition to the adove,
the activities in the Nuclesr Indussry cover a very wide
range of chemical engineering applications, such as
_ desalination and other energy intensive processes, radio-
lsotope and radiation applicatiocns in industry, medicine
and agriculture.
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1. INTRODVCTIOR

It is only about five decades since teaching of
chemical engineering hegan in 'th:l.s country; it was during
this perlod that a tremendous transformation took placs in
the sclence and technology scenario in the country. Process-
ing of minerais, crude oil and other raw materials, prepara-
tion of basic chemicals and production of fertilizers have
t0 a large extent been the mainstay of chemical enginearing
profession in the past. With the advent of nuclear techno-
logy among others, a whole new spectrum of processes and
techniquas has emerged, thus expanding the scope of chemical
A engineering. Right from the stages of ore-bemaficiation,
4 milling and refining of fuels and other reactor materials
to nuclear grade purity, nuclear reactor operation, .
reprocessing of irradiated fuel and safe treatment of radio~-
active wastes -~ each stage presents a challenge to the '
chemical engineer. '

In this presentation, we shall attempt to highlight
the areas in the nuclear indusiry where the chemical
enginser plays a vital role. In view of the strategic
importance of the various materisals, processcs and products
involved in the nuclear industry, it is essential not to
depsnd on any external asslstance but to develop entirely on

~ indigenous capabilities. Ths training of chemical engineers
to enable them to shoulder the responsibvilities effectively
in this newly emerging industry, would be a valueable input
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to the efforts of self-sufficiency 1n nnc:l.nr power develop-
ment.

2. ORE WENEFICIATION

1. Separation c¢f minerals from beach sgnd

~ The separation of useful minmarals from ths beach sand
may bo deserihed as ons of i{he important industrial opera=
tions end historically the first one to be carried out.
Iunportant minerals present in the heach sand of Tamil Nadu
and Kerale on the West Coast, and Oricea on the Bast Coast
ars monazite, ilmenite, rutile, zircor and sillismanite.
Taking advantage of the difference in physical properties
such &s specific gravity, magnetic susoeptibility, electrical
conductivity and surface property, achemes were worked ot
at BARC, and plants have been set up by Indian Rare Barths
at two locations in the West Coast and another plant is to
be set up in Orissa.

2.2 Recovery of Uranium from Copper Tailings

The copper tailings in m—mm—rggtgnmr process-
ing for copper production Lave besn fownd to contain
uwranium in the range of 0.01%. Although this grade is very
low, the tallings are availabls in a ground foram at no extra
cost. Taking advantage of the fact that uranium minsrals
fre quite heavy, a process besed on gravity separstion using
wet tables was developed at RARC and has now been adopted -
by the Uranium Corporation of Indis Ltd. at Surde. Tho
possibility of recovering uranium from copper tailings of
other plants in the area is also belng explored.

3. FUEL PREPARATION

3.1. Uranium

Ccmpu'at:l.voly uranium ores m India are of lower
y . grades contaiging less than 0.1% uraniom. The eoonomis yeoo-
R very of uunlm ‘from m 1éw grade oves ves a G!Ilu..l(.
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for developing highly efficient chemical processes and
separaticn techniques. The process developed at BARC con-

aists of sizo reduction, acid leaching, solid-liquid )
separation, partial purificatlon and upgrading of solution .
by ion-exchange tectnique and fractional precipitation to
obtain uranium as a concentrate containing ahout 70% U,0s.
A uranium mill for processing 1000 tonnes of ore per day
basad on this process has been in operation at Jaduguda in
Bihar for over ten years.

The significant steps in refining the uranium con-
centrate to nuclear purity intermedlate and in metal produc-
tion, are solvent extraction usiag tri-butyl phosphate
dlluted with kerosene as solvent, precipitation of the
purified uranyl nitrate solution to ammonium diuranate and
calcination, reduction of the calcined U0y to UO,, comversion
of U0; to UM, dy anhydrous. HF and finally calclo-thermic
reduction of UOF, to metallic uranium. A plant for producing
nuelear grade uranium metel has been in operation at

Trombay since 1959 for meoting the requirements of fuel for

regearch reactors based on natural uranium. Powsr reactors

use U0z as fuel rather thap metallic uranium, However, to

obtain U0, sultable for compacting and sintering to high ;
densities, necessary optimisation studies of process pare- ’
meters for ammonium diuranate precipitation, caleination and

reduction were carriod out. Half of the initial loading of

uranium oxide pellets for reactor No.l of the Rajasthan

Atomic Power Station was produced at BARC. Plants for

making oxide fuel for the powoer reactors have now been set

i up at the Nuclear Fusl Complex, Hyderabad.
The R & D vork done in thés fleld at BARC has enabled

Indis to become ons of the.very few countries with the
capability of producing nuclear fuel for its power reactors.
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3.2. Thorjum

India's long term nuclear programme is based on the
i utilisaticn of the vast deposits of thorium, with the use
' of plutonium produced in the first generaticn power reactors.
Thorium is the fertile material to be used in the next
generation of reactors, i1.e. the fast bresder reactors vhich
will breed the fissile material uranium-233. Monazite is
being processed by alkali digestion for the production of
rare earths and a "Concentrate" containing most of the
thorium and uranium. This concentrate is further processed
by chemical precipitation to get "mantle-grade™ thorium
nitrate. In order to prepare thorium nitrate of nuclear
| purity, a process based on solvent extraction using tri-
butyl phosphate diluted with kerosens has been developed.
A plant based on this process starting from an intermsdiat~
ing feed is in operation. Another process has been
developed which involves the direct dissolution of the
crude hydroxide concentrate in nitric -acid, extraction of
uranium and thorium nitrates successively with 10% and 40% .
of tri-butyl phosphate and conversion of pure nitrate solu-
tion to solid ‘thorium nitrate. This process simplifies
the recovery of thorium and uranium from the concentrate.
A process for converting thorium nitrate into sinterable
grade thorium oxide has also been developed.

%. NUCLEAR MATERIALS
4.1. Heavy Water

Except for the Tarapur Atomic Power Station, heavy
wvater moderated natursl uranium fuelled reactor has been
selectad for the first phass of our nuclear power Programme.
The availability of heavy water is, therefore, of pivotal
importance in implementing this programme. 4 small heavy .
sater plant based on electrolysis for pre=enrichment and ) o
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hydrogen distillation for final enrichment has been in
operation since 1951 at Nangal. Of the various processes
_ available for the enrichment of heavy water the one based
on H,;S8-H;0 exchange has been developed at BARC and a plant
for producing 100 tonnes of heavy water psr annum is
under construction at Xota. Natural water contains approxi-
mately 150 ppm of heavy water. In view of the low natural
abundance of deuterium, low separation factor, low rate of
reaction, etc. the number of stages, inter-stage flows,
heat transfer and recovery systems were optimisad and highly
efficient contacting devices tor heat and mass transfer wers
developed. Process dynanics studies were carried out for
the control of large number of inter-related »rocess varia-
bles arising out of the large numhei’ of stagas and allied
equipment. In view of the urgency of the requirement, a
few more plants are being constructed based on ammonia
hydrogen exchange process developed elsevhere.

For upgrading the heavy water diluted during reactor
operation, processes based on distillation and electrolysis
have heen studied at WARC. Based on thess studies, upgrading
plants are being set up at reactor sites. Studies are alco
in progress on the amine-hydrogen and hydrogen-water
exchange processes. .

%.2. Zirconium

Processing of sircon sand to obtain zirconium metal
(an excellent material for fuel canning and other siructural
components in the nuclear reactor) involves prevaration of
hafniuu-froe zirconium oxide, chlorination of the oxide and
reduction of the shloride so obtained with magnesium. The
geparation of hafnium which is chemically similar to
sirconium and which is present to the extent of about 2.5%,
is an important step in this process since hafnivm has a high
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absorption cross-section for thermal neutrons. Bolvent
extraction using tri-putyl phosphate has again been adopted
for this separation. Processes for the extraction of
zirconium from the ores and iis separation from hafnium, and i
for the production of zirconium metal were developed at BARC '
and are now baing used in the plants at Nuclear Fuel Complex,

Hyderahad for the commercial production of zirconium mestal

spenge starting from zircon sand. ’

5. NUCLEAR REACIORS
Most R & D activities relating to reactor engineering ’ |

" are carried sut at BARC. Thess include thermal and hydraulic '
design of nuclear reactor, evaluation of dynamic performance
of its components and systems, critical heat flux, dburn out
and safety analysis of nuclear reactor, compatability ol .

. materials in reactor environment, etc. The aim is to devolop B
methods and to collect data required for designing sophisti-
cated reactor components and systems. An estimation of heat
transfer from the fusl to the coolant cannot alvays bs made
accurately on the basis of theoretical analysis, as many of
the problems related to flow distridution in the complex \é
geometries, single and two phaze flow in rod bundles, mecha- - '
nism of heat, mass and momentum inter-change between various
channels within the fuel bundles, etc. remain unsoived.
Fuel testing and heat transfer loops have, therefore, been
set up to carry cut investigations for understanding the heat
removal mechanism. As part of the R & D programme the Centre
has set up speclal facilities for testing of power reactor
components and evaluating the performance of warious reactor
components, equipment and systems, Ia the fielé of safety
of nuclear resctors and systems, hlowdowm, critical heat
flux and emergency core cooling are major topies on which -
gtudies are in prograss. A corrosion loop has been set ap
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to study ths effect of sea=-water under different flow condi-‘
tions on various materials of construction used in the heat
transfer equipment. ‘

6. OCRSSIK

The reprocessing of ths irradiated fuel is one of the
major steps in the nuclear fusl cycle wherein the fuel after
use in the nuclear reactors 1s reprocessed to separate
plutonium (formed in the reactor by the ahsorption of neutrons
in U-238), uranium and the highly radioactive fission producis.
If thorium is used as the fertile material, the fissile
material uranium=233 produced from it in the reactor has to
be separated out. A number of speclal prohlems arise in
fuel reprocessing hecause of (1) the necessity of carrying
out operation remotely behind thick shielding to guard
against high radioactivity, (2) limitation of equipment size
and geometry from consideration of nuclear criticality
involving hagard of uncontrolled fission chain reaction and
(3) very high degree of decontamination, viz. 10 to 10°
from fission product are required to be achleved. Aqueous
reprocessing with modifications and refinements and employ-
ing solvent extraction techniques in pulsed perforated plate
columns has become the universal method for thermal reactor
fuels on account of its proved performance. For Fast Reactor
fuels the choice lles hetween aquecus and non-aqueous methods.

A plant was set up in Trombay to process the irradiated
fuel from the research reactor. The experience in the opera-
tion of the plant has provided not only the know=how for
the design of future bigger plants dut has indicated the
fruitful areas of research and development. A bigger plant
for processing irrediated fuel from the power reactors has
recently been set up at Tarapur. The Indian programme visua-
lizes developmsnt work in short residence solvent extraction
contactors as well as on the various non-aqueous processes.
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Effluents from the nuclear industry differ from the
waste from conventional industries in the sense that they
contain radloactive materials which smit biologically harmful
radiation and which cannot be destroyed. The two concepts,
viz. "dilute and disperse"” and "concentrate and contain®” are
adopted for the management of radioactive waste depending
upon the level of radiocactivity. For radiocactive liquid
vaste of lov to moderate concentration, chemical treatment
and ion exchange are two of the most commonly used techniques.
Dus to very low concectrations of some of the radionuclides
that can be permitted in the effluents to de discharged, it
is required to aim at and achieve high decontarination
factors. Design and operation of the various units get
complicated due to the fact that stoichiometrically the
concentration of the Fadioactive ions in the vaste is on a
microscale when compared. to the inactive species which are
present in macro-quantities. B

The highly radiocactive wastes arising from the fwel
reprocessing plant require particular attention since they
have to be stored for a very long period for the radicactivity
to decay. The most accepted practice for such high level
wastes calls for vitrification of the streams at tempesratures
ranging from 900 to 1100°C aleng with suitable additives
to result in a stahle inert glass matrix which could be
stored almost indefiniteliy. The corrosive and high tempera-
ture process conditions require the use c¢f corrosion
regsistant materials 1like titanium. A4s in the case of fusl
reprocessing plant, all coperations are to be carried out
remotely in highly shielded cells. Most of the equipment
such as evaporator, fracticnator, condenser, multi-gzone
control industion furnace, iniine pump, etc. have been
custom designed and developed at RARC for specific uses.
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8. BNERGY UTILIZATION STUDIRS

The impact that nuclear power could make on the
countryside in starting agro-industrial complex is so strik-
ing that development work on utilization of nuclear energy
in industrial procasses as well as agriculture through the
production of fresh water by desalination has been initiszted
at BARC. A number of large electricity consuming processes
such as the production of hydrogen by electrolysis, elsctro-
thermal production of elemental phosphorous and production
of aluminium and caustic-chlorine have been studied. The
electric furnace technology for the production of .elemental
phosphorous hae heen -developed-at-BARC and a pilot plant
with a 600 I.W. electric furnace has been set up.

In the field of-desalination, studies have been
carried out on multi-stage flash distillation, vartical tube
svaporators, reverse osmosis and electro-dialysis processes.
4 pilot plant hased on the wvertical tube evaporators is in
operation at Trombay for collecting deslign data and evaluat-
ing heat transfer performance of advanced hsat transfer
tubes like single and double fluted tubes, axially and
spirally corrugated tubes, etc. develcped In the Centre. 4an
experimental facility hased on multi-siage fiash distilla-
tion process is veing installed. Work on ship-horne desali-
nation plant has also been taken up. Work on the develop~-
melit and testing of various types of semi-perm2abls
nmembranes suitabls for reverse osmosis application is also
in progress.

9 (Vad 0 ON
BARC has been active in developing multifarious appli-
¢cation of radioisotopes and radiation to serve industry,

agricultuse and medicine. BABQ‘ nakes over 300 radioisotope
produots, lncludin; radio-phatuaceuticals which are suppliod
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to many institutions in India and abroad.: Separation of
stable isotopes of argon, nitrogen, boron, stc. and produc-
tion of nitrogen-1% labelled compounds are also carried out,
The Centre has developei self-luminous compounds imcorporat-
iug promethium=-147.end tritium.

Cobalt=60 occupies a pride of plece as the most
importent radiation source. Rediographic cameras housing
cobalt=60 have been developed and supplied to industrial
organizations in the country for quality control of castings
and inspection of welding. The Centre has also developed
various equipment inocorporating radioisotope sources for
control of level in closed containers, automatic f1lling
of packages on the production line, measuring thickness of
pipes in the chemical indnstry, dstection of smoke, etc.

A number of these devices have alresdy been installed in o
industrial plants. A radio-tracer technique has also been .
developed at BARC for thw detection of leaks in buried

pipelines, trunk ‘,tblqphoniﬁc;bhl,- intricate process equip~

ment and Sor the determination of process paramete;: in

industry such-as dlending of wviscess in the manufacture of

rayon.

Chentical effects of radiation are also being investi-
gated at BARC with a view to producing nev and modified
materials. Using gamms radiation techniques, BARC has
developed wood polymer composites from lov grade timber.
W other examples of sucoessful appliocation of radistion
are polymerizatiocn of trioxans to produce industrially
important plastics and modificaticn of cotton and synthetic
fibre to achieve desired properties. Thess processes are
ready for commercial exploitation.

Food preservation by radiation ahould zcii: \ddg - '
acceptance in the nsar future in view of its distinct beds- -
fita. 3adiaticn disinfestation of stored wheat, inhibition
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of sprouting in onions and potatoes,' delayed ripening of
Rangoes and bananas and extending shelf-life of certain
sea-foods using gammas radiation techniquses have been
developed at BARC. Recently, a plant has been set up at
Trombay with UNDP aid for the radiation sterilization of

. various medical products. Studies are also in progress
to improve the heat and mass transfer processes involved ir
food processing and preservation.

10, CONGLUSXON

Bxtraction of snergy from the atom and realization
of other spin-off bvenefits from atomic energy involves a
wide variety of soientific and technical disciplines. The
fole of the chemical engineer 1s indeed pivotal in many of
the challenging areas of nuclear industry. About 250
chenical engineers are at present employed at varios
levels in the nuclear industry. Our programme calls for
the induction of & large number of chemicel engineers in
the next decade. An industry could contribute only-if it
4s manned by efficlent manpower. In this endeavour, our
universities and institutes; specially ths IITs, can play
& vital role. : ’

We have reciprecal arrvangements whereby professors
from the universities lecture to our Training School and
our specialints. give gusst lectures and practical training
to their students. We are setting up a system of retrain-
ing cur enginaers particularly in IITs in specizlisged
fields to make them more useful for our expanding
programmes. We have also finalised methods by which we
pass on specific research gud development projects in:
various disciplines to the IITs and universities,

The purpose of this lecture would be served if we -
have conveyed to the faculty msmbers of the universities,
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the role of the chemical engineer in the nuclear industry

so that they can appreclate our requirements and take
appropriate steps to prepare the chemical engineers for shoulder-
ing the reasponsibilities in this newly emerging industry and
collaborate in expanding our R & D activities t¥ carrying

out applied as well as basic research in the wn.versities.
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