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The Metallurgy Division has been engaged in mejor programmes on
(1) flow-sheet development for the production of rare metals, alloys and
special materials of interest to the nuclear programme, electronics and
other industry, (ii) physical end mecham cal metallurgy of sircomium and
titanium alloye, (1il) inter-metallic diffusion emd radietion damage
studies, (iv) fine particle tecimology and powder metallurgy, (v) develop-
ment of nuclear ceramic meterials, high alumina compositions and electri-~-
cal cersmics, (vi) corrosion behaviour of zireonium alloys in M gh tempera-
ture water and selected alloys in sea water systems, and (vii) elesctro-
vwiming and electro-deposition of metels.

Good progress was malntained during the year on proceas develope
ment relating to a variety of strategic materials including titanium,
niobium, tantalum, boron, beryllium, and their slloys. In the Titanium
Pilot Plant programme, a major achievement was the commissioning of the
300 mn dia fluldised bed chlorinator ~ incorporating intemal heating
through combusti az of coke - for the production of ncl‘ at a rate better
than 20 kg/hour. (Total production iz eeveral campaigns has amounted to
about 16 tonnes of T:I.cl‘). For the electrolytic production of titanium
metal from ‘1’101‘, employing en alkali chloride fused salt bath, an intexr~
nally heated, refractory-lined 1000 amp. electrolytic cell has been
sssexbled and succesafully %ested. Laboratory scale experiments have
been succesafully carried out on the reclamation of zircaloy and titanium
metal scrap by fused salt elettro-refining. JFlow-sheeis have besn deve-
1oped for the preparation of boron-carbide, alumimum-35% boron carbide
(boral) shests to be used as thermal neutron sideld, and alumimum-€0%
boron carbide hollow cylindricsel composites as possible shut off rod
paterial for the R-5 reactor. FProgrammes on the preparation of copper-clad
o~Ti wires for super-conducting application and of Cu-Be alloys ( trom
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Indian beryl) for the electrical and electronic industry have bsen conti-
nued. The preparation of beryllium metal shapes by hot pressing of bery-
1Jium powder is under investigation.

A new Transmission Electron Micrascope(capable of 3: resolution
at 500,000 magnification) and a Scanning Elsctron Microscope (capsble of
100: resolution and a maximum magrification of 240,000) were ingtalled anmd
-commlesioned during the yeare The Transmission Microscope 1.8 being used
for studying phase trangformations snd precipitation phenomena in zirco~
nium, titanium and tentalum systems, and the Scanning Electron Microscope
-for studies on failure analysls of power plant components, and fractured
sircaloy tubes etc. amd characterisation of fine metal powders. Frogra-
mmes On internal friction measurements in rirconium base alloys to esta-
blish interstitial substitutional solute interaction, and inter-diffusion
studies in various metal systems using the electron microprobe have been
ocontinued. Detailed studies have been undertaken with sircaloy-2 to
correlate its thermo-mechanical treatment with the final grain structure
and mechsnical properties. In the context of the development of Zr-Nb
alloys, & oconsumable electrode arc fumace assendbly, with electrode feed
and power ocontrol is under commlssioning. A freeze drying unit bas been
dexigned and commissioned for the preparation of ultrafine particles of
metal ocompounds for further conversion to fine metal powders required in
the preparati on of porous metal components of controlled porosiiy. A
study on the generation of helium bubbles on neutron irradiation of
copper-boron alloys has been completed.

The corrosion behaviour of several potentially interesting
sirconiue base alloys in high temperature water and steam has been stu-
died and compared with that of zircaloy-2. 4 programae has bewn inm tia-
ted to etudy in detail the stress corrosion cracking behaviour of sirce-
loy fuel tubing. Extensive corromion testing has been carzied out with
sluxdnium base slloys, copper-base alloys, cupro-nickels, stainless stsel
and cast iron in saline medis in order to select materials for service
in desalination plants and sea water cooling systems. Ih the electro-
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metallurgy programme, work is in progress on the preparation of indivi-
dual rare earth metals and cobalt rare earth magnet alloys by fused
salt electrolysis and on the electro-deposition of copper-alumina,
nickel-alumina end nickel-titenia composites.

A comprehengive investigation has been undertaken to establish
a reliable and reproducible correlation between uramium oxide powder
production practice, powder characteristics and sintering behaviour.
Thie prograume would also include a eritical agsessment of the influ-
ence of morphology, crystallinity and surface activity of the 002 powder
on its sintering benaviour. Flesh-heating of 1102 powders and dengifica-
tion of sintered UO,‘, pellets on refiring at higher temperature are other
aspects under study.

It has been possible to prepare and fabricate high purity
single phase barium titanate compactis of very high dielectric constant
and low digsipation factor, starting with barium titanate powder obtein-
ed from barium titanyl oxalate. Development programmes on high density
high alumine bodies and impervious mullite for industrial applications,
and basic research programmes on the sintering behaviour of magnesium
oxide mnd beryllium oxide have been contimued.

C.V. Sundaram
Head, Metallurgy Division



1. EXTRACTIVE METALLURGY

Good progress was maintained during the year on process develop-
ment programmes - on bench scale end pilot plant scale ~ for various
etrategic materiale. Major programmoe have related to beryllium and
copper-beryllium, niobium~-based superconducting alloys, boron oarbide
and electrolytic titanium. Special emphasis has been laid on metallo-
thermic and carbo-thermic reduction, vacuum metallurgy, and fused salt
electrolyais. Basic research on metallurgical therma chemistry has been
continued and expanded.

1.1 INDUSTRIAL PROJECTS
1.1.1 Titanium Pilot Flant

The Titanium Pilot Plant (7.5 tomnes/year of Ti-sponge) at the
Fuclear Fuel Complex (NFC), Hydersbad was in regular operation during the
year.

In the fluidiwsed bed chlorination of rutile-carbon mixtures, 1t
has been found that if instead of electrical heating the bed is heated
by the internal combustion of coke with oxygen, the operation becomes
much more smooth and trouble-free. A larger chlorinator (300 mm dia)
heated internally with coke-oxygen has been successfully designed and
operated to produce TLCl, at the rate of 450 kgs/br/a?. In this chlori-
pator with a bed height of 650 mm (particle size 100 micron), when the
chlorination has been carried out at 900-1050°C, the chlorime utilisation
end rufile utilisetion efficiencles have been found to ba of the order of
80-90% end 90-95% respectively. A total of 16 tounes of TiCl, was pro-
duced in several campaigns.

In the production of titanium metal by the magnesium reduction
of ‘1‘1014, the system has been suitably modified for effective tapping of
by=-product magnesium chloride. PFrom the metal produced in the pilot
plant, supplies have been made to various organisations in the country.
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1.1.2 Poryllium Alloy end Metal Plant

Baged on specific requirements of baryllium metsl and ocopper-
beryllium alloy indicsated by the Departments of Space and Electronics,
& revised project report for the setting up of a Beryllium Alloy and
Motal Plant (10 7/year of Cu~2% Be slloy and 250 kg/year of hot pressed
beryllium metal) has been prepared. The capital outlay for the proposed
plant has been estimated at Rs.54.4 lakhs (P.E. component of only
B8+447 lakhs).

173 MNMobium Flant

A revised project report for the setting up of & NMiobium Flant
(3 T/yeer) as an amexe to the Special Materials Flant, N¥0, Hyderabad
has been preperei. The capital outlay is estimnted at Be.36.25 lakhs
(?.E. component of only Rs.3.53 lakhs).

1.2 PRODUCTION AND PAERICATION CPF BORON CARBIDE

(C-K- Gupta, D.K. Bose, A.K. Blu'l., P.¥.3. Pillal
and K.U. Nair)

Fatural boron and its compounds by virtue of their B'C content

(18.9% of total boron) find application as neutron shields (neutron
sbaorption orcas gsection g~ = 750 bams) and control rods in nuclear
reactors and auclesr devices. Amongst the various boron compounds boron
carbide (a‘c ~ 78.3% boron) 1g the most sulisble newtron sbsrorber mate-
rial, considering both layer thicknoes and cost. The cardide is not
only cheaper than elemental boron by seversl orders of magnituds but
it has higher temperature and abrasion resistance and chemical inertness
and excellent radistion stability.

A preliminary survey at Trombay has indicated a definite
demand for boron carbide compects and boral (a cermet oomposed of B
and Al) in muclear reactor programmen.
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1e2¢1 Carbothermic Reduction Process for Boron Carbide
: Production

Investigations on the production of B4c powder have been conti~-
nued end the optimum conditions and procedure for the carbethermio reduc-
tion of boric oxide in an induction furnace have besn established. In a
typleal run 575 g of enhydrous B0, (dried under veouum at 150°0) has
been reacted with 300 g of activated charcoal in a graphlite crucible in
an induction furnace at a temperature above 2000°C (power level of
14.5 EW) for about 4 hrs. About 160 g of boron carbide/batch at a reco-
very of €0% could be prepared by this method. A minor addition of x2003
as a catalyst (5% by wt. of the charge) helps in bringing down the
reaction time to 2 hrs and improves the cerbide yleld by about 10%.

1.2.2 Production of Borom Carbide by Magnesiothermic

Reduction of 503 in Preeence of Carbon

Development work on the production of 840 by magnesiothermio
reduction has also been undertaken basides regular production by carbo-~
_thermioc reduction. A number of experiments with charge composing of
B,05, Mg, carbon and NaCl/Mg0 (ae heat diluent) have been carried out
with and without the addition of catalyst (potassium sulphate). In the
pregence of the catalyst the reaction takes place at around 660°C,
otherwise a temperature of as high as 900°C is required. The reacted
mass is leached with water and then with 60% sto‘ to remove Mg0, -
reasted 8203 and Mg. The product has been found to de predominantly

340 ou X~-ray analysis. \

1.2.3  Fabricaticon of Boral Sheets and Boron-carbide - sluminium
Hollow Oylindrical Compacts
Boral, a dispersion of 340 in aluminium, is & well establish~
ed thermal neutron shield material. %“he process for the production of
voral (35 wi % B,C, balance A1) in the finished sheet form bas besn
standardised in the laboratory. The procedure involves the following
three steps 1 (1) preparation of boral cast, (11) ploture framing
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and oladding of the cast with alumimium and (111) hot rolling of the
cledded cast. In the preparation of boral cast, preoxidised B,C (at
900%C for 1 hr.) 1s iuidmately mixed with aluminium powder { -100
4200 mesh) and charged directly in a graphite mould (150 x 200 x 30 am)
and heated in a pit furnace, and st 700°C the charge 1s mixed in a
peddle type mixer. Wettalility of aluminium under this condition is
' satisfactory and after 15 minutes of mixing it has been possible to
obtain a homogeneous ﬁaat:,' mass. Finslly the top surface of the cast
is pressed with 2 mandrzl to obtain 150 x 200 x 25 xm boral slab. The
cast is then picture framed wth 6 mm thick aluminium plate and then
cladded with 3 mn thick aluminium sheet. The mosembly was heated to
610°C, sosked for en hour and then rolled allowing 10% reduction per
pasa. Imucdiate aoAld.ng after almost every pass was necessary to
maintzin the working temperature at about 600°C. Hot rolled sheet

(6 ~ 10 mn) fabricated by this procedure has good surface finish and
bonding between the alumirmlum cladding and the boral sandwich.

Investigations were carried ocut on the preparation of alumi~
nium bonded hollow cylindrical boron carbide (1340) shapes for poasible
use ag sheet rod in research and power reactors. Both cold compacting
and gintering and hot pressing technigue have been examined for the
fabrication of 62 mm 0.D., 46 mm I.D., 20-22 mm height hollow oylin-
. drteal ring containing €% B,C and 2 0% AL, Product obtained by hot

preesing was found to be superior in surface finish and densgity. In
the hot pressing teohmique, tho influence of sexperimentsl parsmsters
such s temperature (600-T80°C), compacting pressure (1000-1700 pst)
and time (15-60 min) on quality of the sintered product has besn
investigated. Hot pressing at a temperature of 680°C and 1700 psi
pressuwre for 45 min. appeared to be optimum for fabricating ringe of
the dimension mentioned above.
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1.3 SUPER-CONDUCTING ALIDOYS
(D.X. Bose, C. Narayanan and C.K. Gupts)

1301 Fabrication of Nb-TL Super-conducting Alloys

Amoxgst all superconducting elloye,‘ Nb-Ti has assumed greatest
commercial importance owing ‘0 1is eagy fabricabllity, low cost and superior
electricel properties (current cerrying capecity 105 A/ma at 120 XKG). A
programme initiated earlier in the Section to gensrate know-low on the pre-
paration end fabrication of Nb-Tl superconductors has been continued during
the year. The prosedure for the preparation of Nb-40-50% PL alloy consiste
of the following steps s (1) electron beam melting of nuclear grade Nb and
nigh purity ™, (i1) homogenlsation of the cast at 1500%C for 2-5 hra.,
(114) _P —auenching { for €00°C ) of the sample, (iv) rolling in a 20 stage
grooved rolling mill to 1.2 mn dia wire rod, (v) intermediate amnealing at
1000°C for 2 hrs. under vecuum, (vi) progressive drawing through tungsten
carbldé dies to 0.5 mu @ wire, am? (vii) cleaning, pickling snd encapsula-
tion in a silica tubs, and final heat treatment at 350°C for 1 hr followed
by water quenching. An evaluation test performed on the wire (0.5 mm &)
indicated that the wire can carry currents of 48 A, 43 A and 20 4, at
4 .2°K, under magnetic fields of 7.5 KOe, 12 KOs and 24 KOe respectively.

1342 Preparati on of Nb-Zr and Nb-T{ Alloys by
Co=-reduction of the Metal Oxides

A progyamms has been i.xitiatad on the production of Nb-Zr and
Nb-Ti alluy powders by Co-reduction of mixed oxides with calcium hydride.
The proceas is quite atirsctive as by this it is possible to produce =
homogeneous alloy rowder suitable for making superconducting material. In
sddition Fb-50% Zr alioy powder which can be produced by this method cen
be used as a master alloy for subsequent dilution to Zr-2.5% Nb.

The procedure adopted for the preparation of the alloy powder
involved (:l.) reduction of mixed oxides with CaH &t 1000~1150°C under
vacuum, (1i) acid leaching of the Teactel mass to isolate alloy powder
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from Oa snd Cad, (111) vecwm drylng of the product, (1Y) vacwm sintering
of the powder compact at 1200-1650°C to remove volatile impurities, (v)
arc or e¢lectron beam melting of eintered product. The Nb-S0¥ Zr slloy
prepared by this method indicated a button hardness of as low as 408 VPN
as against 330 VPN for similar alloy prepared By direct melting. Purther
~work on achieving higher purities by careful control of process parameters
is in progress.

144 ZIRCONIUM/HAFNIUM TECHNOLOGY

141 Sode Ash Sintering of Zircon
(7.8, Krishnan, J.M. Juneje and P.R. Menon)

The development of en alternate route for the economic produc-
tion of commercial grade 2102 starting flrom Indian zircon, involving pre-
ferentiel solubilication of silica by lime stone/dolomite eintering of the
ore followed by aqueous processing has been studled and the results repor~
ted earlier. The process is leing examined for its suitability for commer-
cial exploitation. :

The lime sintering process as described above, though found sui-
table for production of commercial grade 2102, camnot however be employed
for the preparation of girconium compounds and for high purity zZirconium
oxide. Alkald fusion is widely employed for the opening up of szircon at
present and in this process both zirconia and silica values in =ircon are
polubllised. In view of this, the raw material end operational costs are
substantially high reflecting ultimately in the cost of the oxide and the
compound produced by this method. R & D work was therefore im tiated to
examine the possibility of substituting caustic soda by sode ash in the
charge. Experiments have been carried out using =325 mesh =ircon with
different proportions of sodium carbonate and it has been obaﬁrved that
when a charge containing zircon and sodium carbonate in the mole ratio
it1.1 is sintered at 1050°C for 1 hr and subseguently leachod with acid
an oxide having a purity of better than 99.5% is obtained at a recovery of
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about 0%. The major attraction of this process lles in the selectivity
of the reaction between zircon and sodium carbonate when the carbonate is
present upto g certain proportion. During sintering the carbonate reacts
preferentially with zirconiur oxide and the unreacted silica gats separa-
ted in the course of acid leaciing. Zirconium fwdro:dde is then precipita-
ted fyom the acidic solution by addition of ammonium hydroxide and finally
calcined at 800°C to obtain zircomtum oxide. The selective mature of the
reaction congiderably reduces the raw material requirements; thue result-
ing in a substantial reduction in the manufacturing cost.

Purther work to improve the oxide recovery and also on the acale
up of operation ie in progress.

14442 Reclamation of Zircomium from Scrap by Fused Salt
Electrolysis

(J.Cc. Sehra, P.L. Vijay and I.G. Sharma)

Studies on the recovery of zirconium from zircaloy serap by
fused salt electrolyesis have been successfully completed during the year.
The process as developed here essentially consigts in the electrolysis of
gircaloy acrap {amode feed) charged at the bottom of a graphite crucible
in the cell assembly using Kacl-l”tZZrP6 bath. The electrolytic cell consists
of a 150 mm I.D. inconel retort with & receiver lock at the top and facili-
t1 es for evacuation, argon purging and cathode placement. A slide valve
isolates the cathode chamber from the ancde. A graphite crucible placed
ingide the retort serves both as anode and anode feed contsiner. A molyb-
denmum strip attached to a stainless steel rod forms the cathode.

The system is first evacuated and after enguring leak tightneas
1o back filled with argon and heated to the desired temperature. FPre-
electrolyais is then carried out at a lower current density to remove
moisture and other md'ed..rable impurities prior to electrodeposition of
zirconium. The influence of parameters such as percentage of soluble
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sirconium in the bath, (2, 5, 10, 12.5 and 15¢) temperature of electroly-
sis - 800, 850, 900 and 970°C - and current denulty (15.6, 21.4, 25.8,
32.2 and 430 An/dm°) on the yield snd purlty of the m-ial has been
studled. Und:r the optimised conditine zirconium could be deposited at
a current efficiency of 70% at a ce.c.ds 0f 25.8 Amp/t!m2 at 650°C from a
bath containing 10 wiZ soluble girconium. The metal when arc melted has
given a button hardness of 140~160 BHN compared to 330 BHN for the scrap.

1643 Graphi te Iubrication on Zirealoy Tubing
(C.E. Gupta and T.K. Mukherjee)

Some of the failures of zircaloy-2 tubes used as sheath for
fuel in the thermal reactors have been traced to stress corrosion crack-
ing resulting from fuel sheath interaction. Investigations have been
taken up 10 examine the possibility of reducing this interaction and hence
the failure, by using graphite as lubricant. The application of the
lubricant on the tube interior is achieved by giving a thin graphite coat
of about 10 micron thicimess by contacting with Foliac-20 for about
2 minutes. The tube ig then air dried for 24 hrs. and hardened by vacuum
baking at 300°C for 2 hra. Evaluatlon of the graphite film for its
adherencs i8 in progress.

1.4.4 Electrowiming of Hafnium Metal
(J+Ce Sehra, P.L. Vijay anl I.G. Sharma)

VWork om the direct electro-wimning of hafrmium metal by fused
salt electroiysis of chl‘ was eont‘inued during the year. An inconel
electrolytic cell (203 mu I.D., 800 mp length and 6 mm wall thickness)
with properly separated anods end cathode ports has been fabricated. The
isolation of the anode port will facilitate fast and effective removal of
the liberated chlorine; thus minimising corrosion. The cathode port
provides & receiver lock which helpe in the removal of electrodeposited
metal and ingertion ¢f a fresh cathode.
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1.5 TITANIUM DEVEIOPMENT FROGRAMME
(H.S+ Anluwgiia’ A.P. Kulkarni® Ch. Sridhar Reo & C.V. Sundarsm)

Of the three major methods for the Lroduction of titanium metal
pamaly (1) magnesium reduction of TiCl,, (2) sodiuvm reduction of TLCL,,
and (3) fused salt electrolyeis of TiCl,, the first two have slready been
standardiged and are guccessfully being employed in the Titamium Pilot
Flant at NFC, Hyderabed. The electrolytic route ig be ng investigated at
Trombay. During the year, the developmental work on the fused salt eleo-

trolysls of 'I:lcl4 was continued.

151 Chlorinatioh of Rutile
{ch. Sridhar Rac and P.L. Vijay)

Detailed investigations have been carried out on the chlorination
of rutile and the influence of various parameters such as tempsrature,
paxrticle size of rutile, coke-rutile ratio and bed height on chlorination
rate and chlorine utilisation efficiency has been studied. It has been
observed that while the chlorination rate depends on the rutile particle
pige, chlorination temperature and coke-rutile ratio, the chlorine utilisa-
tion is directly proportional to the bed helght. '

1542 Electrolysis of '1‘:|.<314
(ch. Sridbar Rao, T.K. Mukherjee, C. Subramanian & K. Swamlnathan)

The cell assembly set up earlier for the fused salt electrolysis
of '.l'.l014 has been suitably modified for moth_and efficient operatim.
The electrolytic cell consists essentially of a rectangular mild steel
chamber lined with acid resistant xefractory bricks. Two 80 mm wide,

3 mm thick and 200 mn long inconel stirips have been found more suitable
for heating the bath as compared to the coil snd rod heaters used earlier.
The two rectangular grapidte anodes have been found to give & better md
longer service when thelr thickness was increased from 50 to 100 mm. The
cathode congists of a perforated nickel basket attached to an inconel tube.

(*) Nuclear Puel Complex, Hyderabad.
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The corrosion of the cathode pipe could be minimised to a large extent by
giving a cement coat over the pipe. There is an upper chamber over the
slectrolyte bath which is isolated with a water cooled slide valve. The
upper chamber wherein also an argon atmosphere 1s meintained helps in
holding the cathode basket containing the deposit till 1t 18 cooled to

room temperature.

The experimental procedure consiste easentially of the following
steps. Oven dried KCl-NaCl (1 ¢ 1 wt ratio) after meliing in an inconel
retort is transferred to the pre-dried cell agssembly to build a molten
salt height of about 20". The salt as such is then subjected toc & pre-
electrolysis for a few hours at about 3 velts and 100-250 Amps using a
mild steel plate cathode for the removel of moisture and metellic impuri-
ties. The electrolysie is then carried out with the nickel basket cathode
ingtead of the mild steel plate cathode, feeding the 1'1.(}14 at the required
rate and adjusting the voltage end current in the range of 67 volte and
600-700 ampe respectively. When the cathode basket gets filled with th~
deposit 1t is lifted and placed in the chamber far cooling and sa eapty
cathode basket 18 simultaneously inserted in place to continue the electro-
lysis. The cathode deposits after cooling to room tenperature are separa~
ted from the baskets and washed first with water and then with dilute
hydrochloric acid to remove the adherent salts and finally rinsed in
acetone and dried at room temperature. The dried metal is finally sieved,
graded and packed. The coarser fraction of the electron beam melted metal
indicated a button hardness of 160 BEN. The influence of various para-
meters such as cathode current density, current to feed ratio, voltage and
temperature on the electrodeposition of titanium has been studied in detall
and the results are given in Table-I. A product recovery of as high as
86% could be achieved at a cathode current efficiency of 55%. Purther work
to improve the efficiency of the process and the recovery and purity of the
product is in progroai.
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TABLE I

EXPERIMENRTAL CONDITIONS AWD RESULTS ON THE WISED
, SALT BIRCTROLYSIS OP 'l‘!.(!l4

Rate of Operating Voltage Current c.c.d. Current/ Current Yield

1‘1.4:!14 Teapera- Feed Effi-

adaition V¥ rnp/ ciency
kg/hr o0 volts Amps £t°  2/mole % %
0456 790-800 6=7 700 414 8.94 215
0450 850-860 6.45-7 700 414 8451 3 | 76
14363 860 6.5-7  650-700 3% 3451 42 37

0478 B60-870  6-6.25  650-700 414 6415 46 7
0.78 €60 645 700 A 6.38 55 g8
0,78 800-820  6.5-8 600 360 5450 60 &

1503 Reclamation of T tanium from Scrap
- by Pused Salt Electrolysis

(7.Ce Sehra, P.L. Vijay and I.G. Sharme)

¥ork on the reclamation of titanium from titanium scrap by molten
salt electrolysis has been initiated. While the cell and the procedure
employed are essentially the same as described for the proocessing of sirvo-
nium sorap, in this case a master mix of the composition 2h.._ L|.012 prepar=
od by sodium reduction of '1'1.014 is uau‘! as the electrolytic bath, The
magter mix is diluted with ¥aCl to coriespond to 57% soluble titanium and
the electrolymis carried out using ebnpacted titanium scrap turnings as
anode feed with molybdenum as cathode.
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Ir preliminary experiment titanmiur metel (40-45 mm sige) bas
been depog’.. at a c.c.d. of 73 Amp/dmza the cathode current efficiency
being 62%. Ths metal on erc meliing gave a button hardness of 100 BHN.
Purther work is in progress.

1.6 PREPARATION OF THORTUM METAL SFONGB
(3.C. Sehra, P.L. Vij.y and O.V. Sundaram)

Preparation of thorium metal sponge by the magnesiothermic
reduction of thorium chloride was continued. Thorium chloride has been
prepared by the chlorination of thorium oxalate. The cﬁloride after puri~
fication is reduced with magnesium to obtain thorium-magnesium alloy widch
is pyrovacuum processed to obtain thorium metal sponge. The metal aponge
has been finally consolidated by electron beam melting.

The sultability of various chlorinating agents such as €0-C1,,
()!Jl‘-(n.2 and cc14-coz for the chlorination of thorium oxalate has been
investigated in detail on a scals of 300 gms of contalned Th. 121.4-(:12
mixture has been found to be the most suitable chlorinating agent giving
@ converaion e_;ftidmoy of 98% end a chlorine utilisation efficieoy of
25%. The chloride has been purified by sublimation in a nickel assembly
at 750~6800°C and 750 mm presgure. -~

Pure THOY, has been reduced with megnesium (100% excess over
the stoichiometric requirement) in & tsntalum orucible at 960°C and at e
positive argon pressure of 10 cm of Hg to give a Th-20% Mg slloy. After
reduction, the temperature is finally raised to 1050°C and held for half
an hour to effect slag-metal separation. After cooling to room tempersa-
ture Th-Mg alloy is removed from the tantalum orucible and subjected to a
pyrovim treatment at 900°C and 0.06 micron vacuum to semrate the
excess Mg and volatile impurities and obtain thorium metal sponge. The
metal sponge obtained suslyses 850 ppm oxygen, 53 ppm mitrogen, 160 ppm
carbon, 0.014% Pe, and 0014% Mg, and indicates a button hardness of

60 VPN after electron bemm meliing.
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Te7 VANADIIN TECHNOIOGY
(c.x. ,upta and O.K. Mehra)

The flow sheet on the recovery of vanadium from vanadium sludge
(obtedned as a by-product in the extraction of alumnium by Bayer's
process) has been inveatigated in detall and found suitable for commercial
exploitation. The raw material (vanadium sludge containing about 15% 7205)
required for the investigatl ms has been procured from ¥/s Hindusten Alumi-
nium Corporation. Starting from the gludge the productions of calcium
vanadium complex, vanadium pentoxide, ferro-vanadium and vanadium metal
have been successfully demonstrated.

.74 Recovery of Vanadium from Vamadium Sludge

The flow-sheet for the recovery of vanadium from vapadium sludge
in the form of calcium vanadium complex involves (1) treatment of the
sludge with n.2c03 solution at 90°C under agitation followed by filtration
of the sodium vanadate leach liquor, and (ii) precipitation of vanadium ag
c.o.v205 by (.‘m(!l2 addition at pH 7-8 or as 4 010.7205 by lime addition at
pH-13. Vensdium recovery of as high as 95% has been achievable by this
method.

The flow-sheat for the recovery of vanadium pentoxide involves
(1) treatment of sludge at 0°C with Fa,C0; to obtain sodium venadate solu-
tion and (11) addition of ¥aCl0; to the vanadium laden solution to comvert
tri-valent vanadium to penta-valent state and sdjustment of pH at 2-3,
(131) boiling of the vanadate solution to precipitate red ceke, (iv) re-
4issolution of the red ceke in 8% N»,00; solution, (v) sddition of ammo~
nium ohloridé to precipitate ammonmium meta-vanadate, and (vi) decomposition
of meta-vanadate at 400-450°C to produce pure v2°5' Venadium recovery by
this procedure was more than 96%.

1.7.2 Alusinothermic reduction of V505 to produce ¥, V-Al and
Ferro-vanadium

Preparative methods were standardieed in this laboratory for the
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production of ferro-vanadium/crude vanadium by aluminothermic reduction
of V205 in presence of lime. In this smelting tecimique lims acts as a
heat sink and also forms & low melting sleg with alumina widch helps in
better slag/metal seperation. Since lime is present in cslcium vanadate
thie venadium salt can be used as such in aluminothermic smelting.
Starting fiom both the di- and tetra~calcium complexes of vansdium,
process condltions have been optimlsed for the production of 50 1 50

grade ferro-vanadium.

1.8 BERYLIIUM DEVELOPMENT PROGRAMME
(C.M. Paul and C.V. Sundaram)

The various steps in the flow-sheet for the production of
Be~metal and Cu-Be alloys have been investigated in detall
to generate more reliable and dependable data required for the design of
a large scale production plant. Work has aleso been initiated to scale
up the preparation of the metal, the metal powder and the alloys. In
this comection a larger inducti m fumace (25 KW) capable of melting
about 20 kgs of the alloy has been procured, installed and is being
commiegioned. Action has also been initiated to ventilate and equip one
more room of about 400 aq.ft. floor area mainly for the production ana
handling of beryllium powder. The room will locate (1) a lathe for the
production of Be-chips from vacuum induction melted Be-ingots, (i1) a ball
mill for further conversion of the chips to powder, (iii) e classifier to
separate the coarse powmder from the -200 mesh product and (iv) facilities
such as glove boxes and speoial fumehoods for the handling of Be-powder.

Baged an the specific requirerents of Cu-Be alloy shapes by the
Department of Klectronics and of Be-metal by the Department of Space. &
revised project report for a plant to produce 10 tomnes/yesr of Cu-2% Be
alloys and about 250 kgs/year of Be-metal shapés have been prepared. The
capltal outlay of the proposed plant has been estimated at Rs.54 .4 lakhs
with & forelign exchange component of only Re.4.47 lakhs. Developmental
work on the large scale fabrication of Cu-2% Be alloy foils in various
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tenper states taken up in collaboration with M/s Indian Smelting and
Kefiaing Co. is in progress. Besides,limited quantities of various Cu-Be
alloy shapes have been produced in'the laboratory and supplied to variows
organisations ip the couniry in response to t_heir'ursont requl rements.

1.8.1 Preparstion of no«m)2 /Be0 from Indian Beryl
{K.S. Subbarac, R.H. Rakhasia snd O.M. Psul)

Work on the preparation of BoO/Be(OH).‘, by the silicofluoride -
sintering of beryl followed by aqueous leaching of the sinter and precipi-
tation of 30(08)2 by slkali treatment or squeous Na,Be¥, solution was
continued. A method has elresdy been standardised in the Section for the
converaion of the PBe-values of Indian beryl into wafer soluble Ha, Bo! by
sintering & charge comtalning ground beryl (-200 mesh) and -od:l\- -111.00-
fluoride and sodium carbonate (11.15 ¢ 8.1 & 0.95) at 700°C for 4 hrs.
Purther work has shown the possibility of substituting sodium silicofluo~
ride with sodium ferric fluoride (iron cryolite) slmost to the extent of
60% without any reduction in the extrsction efficiency. The above modifi-
oation of the p1ocess is of prime importance in the metallurgy of bery-
Nium u 4his opens up & possitility for recyecling the bdby=product fluorine
values as iron oryolite in the process. Attempte have therefore been made
%o recover fluorine from the aqueous HaP filtrate solution (generated in
the precipltation of Be(0H), ) in the form of iron cryolite by trestament
with a ferrio s#alt solution at & pH of 4., The iron cryolite thus obtatned
18 dried and used in the aintering of beryl. By replacing about 60% of
the "281’6 in the charge mixture with "3"’6' when sinterings were
carried out at 750°C for 2 hrs. on & scale of 300 gms of conteined BeD,
the Be-recoveries have been foumd to be of the order of 90-92%.

14862 Freparation of Anhydrous Bel'a
(B.P. S8harme, K.S. Subbarao, K. Mimmadu snd C.M. Paul)
’

Preparation of anhydrous BeF, by the thermsl decomposttion of
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(‘“‘4)23“4 - obtainable by the NHHP, treatment of 139(01{)2 - is a difficult
step in the flow-siteet for the metallurgy of beryllium. The major 31f£fi-
culties baing (1) excessive froathing of the double fluoride during decom--
position and (1) tendency for the condemsation of the decomposition by-
product (m,;) also at places other than in the condenser resulting in
chocldng of lines.

The inclined graphite decomposition apsembly designed earlier
has been suitably wodified and 1t has been possible to cantinuously de~
compoae (1‘1!14)2331?'4 to give anhydrous BeP, at the rate of 500 gus/hr. The
choking of the feeder line bas been almost completely eliminated by proper
drying of the double fluoride and controliing its particle size arcund
12 mesh. The graphlte tube decomposition assembly is held et an angle of
309 to the horizontal and resistence heated with a split furnace to main-
tain a temperature of 950°C at the discharge end and 750°C at the feed
end of the tubee With this arrangament continuous decompoasition of the
double fluoride has been possible and the molten Be:‘.'2 which flowed down
the gradient has been cast in cold graphite moulds.

1.8.3 Preparation of Beryllius and its Alloys from Beryllium
Fluoride

(B.P. Sharma, S. Adhikari, M.G. Rajadhyakeha and C.M. Paul)

Work on the preparation of Cu-Be master alloys by the Mg-reduc-
tion of BeP2 in presence of copper at temperatures in the range of 1100~
1400°C in graphlite crucible in induction furnace has been continued on a
% kg scale of the alloy and the influemce of various process paraneters
such as excess BeF2 in the charge, Be-loading in the alloy, reduction
temperature etc. studied. Dilution of the master alloys to Cu~2% Be
alloys has also been carried out successfully on & 2-kg scale in induotion
furnace. The diluted alloys have bsen cast tc suitable shapes and fabri-

cated to rods and folls by employing techniques like extrusion and rolling.

Investigationa have also been continued on the preparation of
Be-metal pebbles on a 50-gm ecale of the metal by the Mg-reduction of Be!z.
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The influence of excess Be!‘z on Be-recovery has been studted in detall
and it has heen observed that a beryllium metal recovery of as high as
8% could be achieved when the BeP, excess in the charge has been 40%.
The metal pebbles obtained indicated a purity of about 97%.

1.8.4 Hot Pressing of Beryllium Fowder
(X.S. Subbarao, R.H. Rakhasia and C.M. Paul)

Beryllium shapes directly fabricated from cast ingots by conven-
tional techniques are wnsuitable “a commercisl applications on ascount of
their brittle nature and poor mechanical properties. FPowder metallurgical
techniques are therefore generally employed for the fabrication of bery-
11iunm shapes. Of the two noaf common powder'netallurg.cal fabrication
methods ramely (1) cold compaction and dnterl.ng, and (11) vacuum hot
pressing, the latter method is preferred in the case of berylliua for
obtaining sbapes of higher densities (almost theoretical).

A proérmme hag therefore been initiated on the fabrication of
Be-ghapes by vacuum bot pressing of Be-powder. An induction heated
assenmbly for the vacuum hot pressing of Be-ghapes has been designed,
fabricated, ingtalled and commiseioned in the laboratory. The assembly
consists essentially of & vacuum chamber which accommodates a die and
plunger made of high density grapii te. The vacuum chamber is fabricated
out of 7" dia silica tube olosed at both ends with brass flanges. The
top flange oarries a Wilson seal for the plunger rod and the bottom
flange has provigions for comections to en evacuation system which
consists essentially of a rotary mechanical pump to give a vacuum of the
order of 100 microna. The system has been used to study the influence
of various parameters such as compaction pressure, size distridbution of
the pomder and atmosphere of compaction on the final density of the
compact. It has been observed that the compaction pressure and temperec~
ture can be brought down conaiderably by selecting a proper sige distri-
bvution for the powder. PFor a powder having a definlte size distribution
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the compacting pressurs decrevses with increase in temperature. It has
also been observed that the densificat.on follows the comnventional pattern
= the dengity increasing rapidly imitially and slowly in the final stages

for a constant compacting temperature.

It bas been found that compared to & single stage compaction at
the final temperature and pressure a pre-compaction at a lower pressure
and temperature followed by compaction at the final temperature and
pressure can give pellets having higher densities. Densities as high as
99.8% of the theoretical could be achieved by pre~compacting the powder at
600°C and 1000 psi, gradually increasing the temperature to 1100°C and
compacting the same at this temperature at a fimal pressure of 2000 psi.
D.ngification was found to take place in 3 stages, 1/3rd taking place
durlng pre-compaction, 1/3rd during the subsequent heating period and the
remalning 1/3rd during final compaction. In the vacuum hot pressing of
12¢5 mm dia pellets, the beryllium losses have been only 1-1.5% as sgainst
25-~30% in the case of cold compaction followed by vacuum sintering.

Work on the getting up of a similar system for the fabrioation
of larger shapes (4" x 4" x 4" compacts) has also been initisated.

149 CARBOTHERMIC TECHNOIOGY

1.9.1 Preparation of venadium oxy-carbide
(D.K. Bose and C.K. Gupta)

Iike ferro-venadium and vanadium carbide (vzc), venadium oxy-
carbide (voy_cy) is algo a proven material sultable for steel addition. The
oompound (VOny) csn easily be formed by carbothermic reduction of V,0 at
1350°0 under vecuum. In small scale experiments, 100 g V,0, {nyarogen
reduced), required amount of petroleum coke powder (~325 mesh), 4% mtarch
and 104 water ar. ..aoroughly mixed end then pelletiged. Pellets are then
dried in an oven and finally subjected to a vacuum thermal reduction at
1350°C t1l1l the vacuum level improved to 100 /(4 + The ratio of combined
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and free carbon to oxygen (y/x) in this vroduct is controlled by control-
1ing carbon content in the charge. In general y/x ratio is maintained
between 1.0 to 1.5 for steel addition.

In studies on vanadium additions in the form of vansdium oxy-
carbide (Voxuy, y/x = 1.25, 758 ¥, 54 C), vanadium carbide (vzc, 0% v,
641% C) and ferro-vansdium (Fe-V, 53% V, 1.85 C) to a low carbon steel
(0.314 v, 0.1% ¢) 1t has becn ¢baerved that the carbon contents of the
atesl melts have been 0.9%, 0.164 and 0.11% respectivély and vanedium
recoveries have been of the order of 90%, 60% and 86% respectively. Thus,
ag a vanadium additive, the performance of voxcy is well conparablé to
that of Fe-V. Imploying the came oxy-carbide as a soluble anode, it hae
also been possible to prepare the metal at a cathode current efficiency
of 924 by fused salt electrolysis at 900°C and c.¢.d. of 325 A/ftz ina
halide bath contsining 4 wt# of soluble vanadium.

14942 Preparation of Hf-Ta alloy by Carbide-Oxide Reduction

(s£c and T3205)

(S.¥. Garg, R. Venkataramanl end C.V. Sunddram)

He-Ta alloys posaecas good high temperature and oreep resistance
propertine and find application in aero-space industries. The alloy
containing about 46-53% Ta hag been successfully produced by interacting
HZC with Ta205 at 2000°C under a vacuum of 10-‘ torr.

Pelleta made from a mixture of HfC and ‘I‘qzo,j are pmg:e-d.vez
heated to a tenperature of 2000°C under a dynamic vecuum of 10 ~ to 10
torr in a vecuum induction furnace. Almost 70% of the reduction takes
place during the heating process. Hf-Ta alloys are obtained in the form
of a button by melting the pre-reduced pellets for 2 hrs. in an electrron
beam furnace. The alloy analysing about 50% Ta indicated a button hu.u-
neas of 560 VPN which is comparable to the hardness of the alloy obtained
by direct melting of Hf and Ta. Alloys with low oxygen and carbon content:
(30 ppm and 0.29% respectively) nave been produced by this method. The
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influence of the oxygen to carbon ratio (0/C) in the charge on the extent
of pre-reduction and final purity of the alloy has been examined in detail
and the risults are given in Table-II.

TABLE II

INFLUENCE OF OXYGEN/CARBON BATIO ON THE
PURITY OF CARBIDE-OXIDE REDUCED Hf-Ta

ALLOYS
Charge ! Reduction Achleved : Analysis of Hf-Ta Alloys °
QGomposni tion : during Heat . after Bleptron Beam ; Hardness
s Soaking at : Melting '
0/C Ratio @ : wt % t  (veN)
— s T : : 3
t 1650°C ‘2000"0 t . ' H
: x 10-‘torr: x 1074 : Ta ¢ .0 '
: ] torr, i i s
0.95 28.8 67 .5 47.9 0.88 0.040 538
1.00 28.3 T1.7 47.8 0.61 0.009 498
1.05 30 .6 68.4 50 .7 0.39 0.003 488
1410 3146 69.0 5246 0.36 0.018 505
1415 32.5 63.2 533 0.29 0,029 577
1.10 UITRAPURIFICATION

14151 Iodide Rerining of Reactive Metals
(v.D. Shah, B.P. Sharma and C.M. Paul)

Work on the preparation of high purity 2r, 71 and Hf by the
1podide process has been contimued during the year mainly to meet the
requd rements of these metals from within the Diviaion.
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In the growing of crystal bar ™ the influence of crude me.al
teapersture oo the deposition rate of purs metal was studied in detail
and the results are given in Table-III.

TABLE III

INFLUENCE OF CRUDE METAL TEMFERATURE ON
THE GROWING OF CRYSTAL BAR TITANIUM

Crude Metal : Growth Rate
Temperature . :
o . gus/hr/om . xhos/hr/cn
: length ' length
100 0.0086 04439
(initial rate
which gradually
decreaged to
zero after a
few hours)
150 0.0160 0.0110
{initial rate
which gradually
decreaned to
zero afier a
few hours)
600 . 00130 0,006
650 0.0250 0,011
700 040700 0031
750 040960 00426
800 040932 0 .0406

In the starting of the experinent with a filament temperature
of 1300°C and a crude metal temperature cff 150-200°C, a very low growth
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rate has beer obmerved which gradually decreased and virtually stopped
after a couple of hours. FEven au starting a fresh experiment at a lower
crude metal temperature (100-150°C), the same phenomenon has been observed.
Un increasing the crude metal temperature in steps of 100°C and keeping
the filament temperature steady at 1300°C, no noticeable growth rate was
observed upto 600°C. However the growth again started at 600-650°C and
has become appreciable above 700°C. With the filament temperature main=-
tained at 1300°C the growth rate has come to a maxizum of about 0.1 gm/
hr/cm-length when >the feed metal temperature has been 750°C. By increas-
ing the feed metal temperature to 8009C, there has been no appreciable
variation in the growth rate. The eventual stoppage of growth at the low
crude metal temperatures is attributed to the conversion of TiI4 to the
leps volatile TiIz by reaction with the feed material present in excess
of the stoichiometric requirement. However by increasing the feed metal
tenperature, it has become possible to elevate the vapour pressure of
'.'1'112 and achieve appreciable growth.

Detailed investigati cus have also been carried out om the
preparation of crystal bar hafnium starting from hafnium metal pellets
obtained by compaction end sintering of Hf-powder produced by the Ca-
reduction of Hf0,. A maximum growth rate of about 0.1 gas/hr/cn-length
has been observed for a sponge temperature of 325°C and filament tempera-~
ture of 1400°C. Substantial purification of the crude Hf metal has been
posglble by 1odide refining with respect to all non metallic and most of
the metallic impurities. The distribution of various impurities in the
crude metal and in the crystal bar is given in Table-IV.
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TABLE IV

ANALYSIS OF FEED MATZRIAL AND CRYSTAL BAR
HAFNIUM

{A11 values ars in ppm unless otherwise specified)

Poed materipl -
Impurities Sintered pellets Crystal bar
of Ca~reduced hafoiun

hafriwr powder

Pe : 580 110
Cr ) 30 10
Mg 13 13
Zr 13.0 4 19.4 %
N 250 _ 22

4] 6900 172
):4 - 5

(s} - 44

1.10.2 Ultrapurification by Electron Beam Floating
" Zone Refining

(B.P. Shama, V.D. Shah and C.M. Peul)

. The 1.25 XKW electron beam floating Zone refining ux t designed
earlier has beem fabricated, assembled and commdagioned. The refining
chamber is a 150 m dia x 750 mm long glass tube in which the electron
besm heating filament is held stationery and the molten zone is made to
travel by moving the specimen rod with the help of a constant speed
electric motor coupled to 8 gear system. The capability of the unit for
refining 6 mm dia xirconium rod has been successfully tested. It has
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been found that although the unit 19 capable of melting the specimen rod
and producing the molten zone, the driving mechaniem for moving the
specimen needs modification. The driving mecheniem is presently being
modified to mrovide slow, emooth and continuous motion to the specimen

rod during refinement.

1.11 OTHER FROGRAMMES

o111 Determination of Sintering Characteristics of m
Powders by DIA and TGA Teclmique

(3.P. Garg and R. Venkataramani)

‘ A knowledge of the sintering charactcristics of w2 powders is
very important in controlling the properties of eintered compacts. In
view of thig, investigations have been carried out to determine (1) tempe-
rature of oxidation of U0, powders to U,0, by TGA teckmique, and (11)
amount of heat released during amealing of these powders at temperatures
upto 1500°C in inert atmospheres. Both the temperature of oxidation apd
the heat released are related to strain energy and surface activity of
the powder.

' uo2 powders having different sinterabllities have been prepared
by heat soaling U0, powder (obtained from ammordum diuranate) at 1000°C
and 1300°C for different periods of time (1 to 10 hours) in hydrogen
atmosphere. ’

The temperatures of oxidation of each of these amealed powders
has been determined by TGA technique in Mettler Thermoanalyser and the
results are given in Table-V. '
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TARLE V
TEMFERATURE OF OXIDATION OF U0, to
U,0
37
W, Powder Sintered in : Temperature : Rate of : Weight Cain
Rydrogen : of Oxida- _ Oxidation ' for t!,Oe
Temp ©C t Sosking H Won H t JYormation
; Pertod X °C ! mg/mn : ne/gn
H hours 3 3 3
1 188 057 36 .00
1000°C 5 192 0.43 37.75
10 196 044 38.00
o 1 200 051 38,00
1300%C
5 240 0.39 37.50

Temperature of oxidation of UO2 powder not sintered in Hz has
beenn found to be 178°C. Ae can be seen from the table, temperaturse of
oxidation (uo.‘, o U,O.,) steadily increases with sintering tempersture
apd tine of heat asogk in 52 atmosphere.

1.11.2 Thermodynamics of Ti-0-C System
(3.P. Garg, ¢ M. Juneja and Y.J. Bhatt)

Carbothermic reduction of an oxide is an established route for
the preparation of refractory metals and their carbides. Thermodynamic
studies of these oxide~-carbon and oxlde~carbide systems are thus of
relevance in the process metallurgy of refractory metals and their
oarbides.
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Investigations have been carried out to study the thermodynemics
of ™-C-0 system. The study involves measurement of equilibrium pressures
of 00 over mixtures of oxides like T1305~‘I‘1 407 and T:l.203-‘1‘1505 and carbon
(employing Hg-manometer) in the temperature range 1160-1350°K. The oxide
mixtures have been prepared by argon arc melting of a ocharge consisiing of

'1‘102 and TM-metal powder. The presence of various phases has been con-
firmed by X-ray analyzise.

The equilibrium Pco values have been measured as a function of
temperature for the above mixture of oxides and carbon. The equilibrium

pregsure { Peo ) data could be represented by

log By = -h + B

Prom the ebove equation A F3 was calculated for the reactions
Iim 407 + C —> 4 Tl305 + CO
2 ﬁ305 + C —> 3 Tl203 + CO

Enowing the value of the free energy of tormation of CO, the free energies
of formation of T,0, and M 407 have been celculated and found to be in
good agreement with the values reported earlier by Vasileva® and

Kubagchewski**, The thermodynemic data of the reactions are given in the
table below
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TABLE VI

THEMODYNAMIC DATA ON REACTIONS OF
OXIDES OF TITANIUM

. A Fooox AR age
Reaction Present Reported Present Repor—- Present Reporte
work valug work ted work od
value value
Kecal  Koal Keal Kcal  cal/deg Cal/deg
8 n305 + 02
116 .88 116.66* 118.56 168.88% 1.40 42.6%
=6 n‘o.,
6 u203 + 02
125,14 129.72%*% 158,72 177.0"* 27,98 39.4%%
=4 ‘1‘1305

1.11.3 Thermodynamics of Al-Mg System by Vapour Pressure
Heasurement

(S.P. Garg and Y.J. Bhatt)

Thermodynamic properties of liquid Al-Mg alloys have been
studied dy measuring the vapour-pressure of Mg over liquid Al-Mg slloys
(5 to 94 atom & Mg) at various temperatures in the range of 900-~1245°%
by eaploying transpiration technique. From the experimentally obtained
vapour pressure data various thermodynsmic properties of the alloys
have bewn calculated and compared with the values already reported.
Attenpts have also been made t0 calculate the Mg activity by solubdlity
neasurement of Mg in Igcla vhile equilibrating with Al-dg alloys, and
als0 by phase disgranz studies of Al-Mg system. It has been found that
the activity of Mg in 1iquid Al-Mg aystem nearly conforms to the ideal
solution behaviour at 1000 K with only slight negative deviation in the
Mg rich region.
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141144 Thermodynam ¢ Investigati mms Using Solid State
EMF Measurements

{S.P. Garg and J .M. Juneja)
Work bas been initiated to meke EMF meagurements of the
following solid state cell :

Ni=-NiP / CaF, / Co-CoP,

The cua 80lid electrolyte separates the two electrode compariments.
After assembling the cell it hag been evacuated and flushed with
pur.!.ﬁed argon gas. The cell is then heated slowly in an atmosphere
of flowing purified argon gas (flow rate 50 cc/min). The EMF of the
cell has been nessured at various temperatures and the XMF values plot-
ted against temperature. The straight line relationship obtained for
the above cell has been represented by the equation

E(volt) = 0.0245 + 0.120 x 107> 1
The cell reaction taking place cem be represented by the equation

KT

2+Co=-00F2+N:I.

The standard free energy change £ P for this resction has been
caloulated using the relation

AP = -nFB

(where n = 2 for the above remction snd F = 23062 oal/volt)
and can be represented as

A P(cal) = «1130 - 5.535 T
The results are in close sgresment »ith the values reported in the
literature.
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2., PHYSICAL HMETALLURGY

The Physical Metallurgy Section has been mainly concerned
with the study of thc physical and mechanical properties of metals
and alloys of interest to the mclear emergy programme.

Three groups - Mechanical Metallurgy, Stmotural Metallurgy
and Metal Physics - have been actively engaged in imvewtigations
covaring a wide range of properties of Zr-base alloys, and on R & B

work on & mamber of problems of muclear interest.

The dechanical Metallurgy Group has been investigating the
grain size effect, alloy hardening, stress relaxation and thermally
activated deformation processes. Fracture studies on emd shield
materials, and alao elastic and anslastic beha-jour of Zr alloys

have also been conducted..

The Structural Metallurgy Group has been carrying out trans-
miseion elactron microscopic studies on phase transformations on Zr
and Ti anml their alloys and on stainless steels. Extensive work has
earliar been carried out on martensitic transformtions in Zr and Ti-
.me alloys and during the ocurrent year emphasig has been shifted to
euy “toid transformations and precipitation reaotions. Scanning
electron microscopic investigations have been carried out on several
service failures and for powder metallurgy work.

The Metal Physics Group has beep contimuing ite studies on
diffusion phenomena and impurities in boc transition metals and
interdiffusion studies in isomorphous systems. It is utilising the
Eleotron Microprobe Amalyser for diffusion studies as well as for
the study of growth kinetice and intermetal) io phaees on various
alloys. MNicleation and growth of gas bubbles in irrediated copper=
boron alloys and solidification structure in alloys have also besn
oarried out. The work carried out on meutron irradiated nickel slloys
and irradiation hardening in 2r and Zr-base alloys has also been
reported during the current year. )
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The acquisition of latest models of tramsmission and
soanning electron microscopes and their successful cammissioning
during this year has greatly facilitated several investigations
oarried out by the Division.

Physical Metallurgy Section contimes to give valuable
aspistance in various metallurgical problems referred to it by
other Divisions of B.A.R.C, and outside agemnciss as well.

2.1 MECHANICAL METALLURGY

2.1.1 Interpal Stress Variation in Zircaloy-2
(P. Dasgupta)

In the thermal activation amlysis of a deformation
process, internal stress developed ina material is assumed to be
independent of temperature. Work.was carried out to confirmm whether
this is valid for Zircaloy-2. Accordirgly, a stress relaxation
technique has been adopted where the stress was relaxed for suffi-
clently long time t111 it appreached 6K and then the temperature
of the specimen was changed quickly. It has been observed that
even after sufficient time for load i'elaxation, the relaxed lcad
does not reach the initial walue suggesting that variation of ﬁl.
" with temperature is a real one. From this it could be inferred
that the structure, arrangement and distribution of dislocations
which oontritute tc interml strees are a function of temperature.
Murther support for the above findings has been obtained from the
work-hardening studies on Zircaloy-2,where work hardening rete was
found to depend on temperature. : .

24142 Stress Relaxation and Dislocation Densities in Zirconium
and its Alloys
(P. Dasgupta)

Room temperature stress relaxation experiments have been
copducted with Zr-oxygen, Zircaloy-2 ami Zr-Ti alloys in arder to
ascertain the constancy of mobile dislocation dersities during the
etreas relaxation process. It has been observed that the master
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relaxation curve and stress rclaxation from the iritial strees level
did not supcrimpose sugresting that the assumption of constancy of
structure during stress relaxation is not strictly valid. The
differences 1in the magnitude of the relaxation rate between the two
curves were found to be more pronounced with increase in total
plastic strain. Dymmic recovery 1s suggested to be the dominant
mechanism causine structural changes during the stress relaxation
process with consequent alteration in mobile dislocation densities.

2.1.3 Computer Technique for Determination of Strain Rates
(V. Baman am P. Dasgupta)

A oomputer simulation programme for accurate computation
of strain rate parameter durin” stress relaxation has been initiated.
The programme involves cither graphical differentiation of the curve
using a get of pointSclose to predeternined points or formulating
.a polynomial, which defined tre experimental curve as closely as
.possible ard solving the polyrenial usi:yg appropriate data points.
Both the methods were txried for Zircaloy~2 end the technique of
graphical differentiation was fouml to »» wmore appropriate. Appli-
cation of this rrogramme to variocus other metals and alloys is being
attempted.

2.1.4 Fracture Studies of Zr-1at)li with Various Oxyzen Levels
(v. Rapan, S. Sishra and P, tasgapta)

Oxygen plays a vital role in influencing the fracture
modea of zirconium amd its alloys. iccordingly fracture studies
were conducted with an alloy of Zr-1ati#'i comtnining various la;lel':
of oxyren. Cxycen was introduced in specimens by soaking the samples
at 870°C under oxyzen pressures of 3, 6, 9, 12, 15, 18 and 21 mm of Hg
for 7 days. lardress measurements on saaples exhibited a progressive
increase in VPN values indicating that oxygen concentrations are higher
for specimens exposed to higher gas pressures. Exanination of the
fracture surface of the specimens under 3E4 showed gradual change
in the mode of fracture from ductile to almogt brittle behaviour.
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Duct {le fractures were associated with large slip iraces introducead
by oceurrence of both primary and secondary slip with concamitant
recovery process. This impliee that shear mechanisn played 2 domi-
mnt role in nucleating the crack embryo which latter propagated
due to deformation-induced stresses in the material. Fractography
of hizh oxygen alloys exhibited strain imduced twin traces. River
patterns on fracture surface were also observed under high magnifi-

cation.

2.1.5 Anomalous Stress-Strain Behaviour of Pure Polycrystalline
Zirconium
(P. Dasgupta)

Examimtion of the stress-strain behaviour of iodide
zircopium under compression exhibited various stagzes. This is
amlogous to single crystal defomation curve where each stage has
its characteristic features, Metallographic examination of the
compressed sample at various strain lovels indicates gradusl change
over from single slip mode to multiple slip operation dnrizg stage II,
The incidence of oross slip has also been observed at Stage III,

The real cause of this unfamiliar polycrystal deformation behaviour
under compression is yet to be explored quantitatively.

2.1.6 The rmomechanical Treatment of Zr-2.5Nb - 0.5Cu Alloy
(V. Raman, T.K. Sinha end P. Dasgupta)

Zr-2.580-0.50u alloy is used as calaniria pressure tube
gpacers (in the formm of garter springs) in CANDU type reactors,
A programe has been initiated to make detailed systematic heat
treatment studies coupled with useful mechanical properties evalua-
tion on this material. Accordingly, the prepared material of thia
composit ion was querched from beta region (900°C) and aged at 540°C
for 2, 4, 6, 8, 24 anmd 60 hours. Bardness measurement showed pro-
gressive increase in VPN values with no incubation period. Rate of
increase in hardnees in the initial stage was found to be more rapid
than in long time ageing. Examination of microstructure of the
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mamples revealed that quenched specimens developed martensitic
structure while the eged one revealed the presence of fime second
phass precipitates. The volume fraction of the precipitates
increases with ageing time. Mechanical properties evaiuation is
under progresf. '

2.1.7 Strain Rate Semsitivity of Cold-worked Zircaloy-2
(T.K. Sinha)

The amalysis of the service performamce of engineering
materials under stressed condition requires a precise knowledge of
their strain rate sensitivity parameter (m*) expressed by the
following relation D 1ln E,/ 21p06 or dc‘/dlne . Since
Zircaloy-2 18 used in the cold worked stage it is essential to have
a precise knowledge of its strain rate sensitivity at reaotor operat-
ing.temperature. As a first step, attenpts were made to find out m*
at room temperature using strain rate cycling method  Because of
poor ductility of the material this method gave m* with wide varia-
tions. To overcome this difficulty, a stress relaxation technique
has bee nadopted and estimation of m* parameter is in progress.

2.1.8 Meohanical Behaviour of Heat-Treated Binery Zr Alloys
(V. Raman and P. Desgupta)

As part of the Zr-alloy development programme with
emphasis on developing suitable allowwith improved mechanical
properties, a series of Zr alloys having the campositfon Zr-1.5 Sn,
2r-2.5 Cu, Zr-1.6 Cu, Zr-1 Cr, Zr-4 Al, Zr-7 Al, Zr-10 Al havs been
chosen, These alloy compositions have been prepared by non-consuma~
He arc melting. Fabrication of Zr-1.5 Sn, Zr-2.5 Cu, Zr-1.6 Cu,
2r-1Cr in the form of sheets by hot rolling (after prior encap-
sulation in vacuum) has also been campleted. The conventional
technique of hot rolling could not be applied to Zr-Al alloys
because of their inherent brittleness, and a modified technique
13 being tried to obtain mechanical testing specimens. A systematio
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investigation on the mechanical behavicur of heat treated Zr-1.5 Sn
alloy has been 6omp1eted. The heat treatment programme involved
water quenching tte samplee from 830°C, 900°C and 1000°C after ome
hour soaking at respective temperatures, and the water quenched
gsanpleg were aged at 550°C for 4 hours. The work hardening behaviour
of this material has been analysed on the basls of two equations

6 =K2and o = o5 +h e"ll . The plot of log work hardening
rate as a function of true plastic strain for water quenched samples
exhibited single stage and the workfr“ﬁﬁere found to decrease mor~ =
tonically with increase of plastic strain. In the case of aged
samples, two distinct stages were observed, the onset of stage II
depending on the quenching temperature. Higher quenching tempera-
ture favours the earlier initiation of Stage II at low plastic

strain values. The log ¢~ as a function of log E’F also showed simi-
lar trend. Heat-treatment an? mechanioal property studies with other
alloys are in progress.

2.1.9 Radiat ion Enbrittlement Studies on End Shields for RAFP
and MAFP
(P. Dasgupta)

Impact property evaluation of end shied material in the
unirradiated oondition has been carried out with specimen geonetry
following Charpy V-notoh substandard size. Energy absorbed walues
vary from 1 ftlb to 82 ft1b in the temperature range of 77 to 373°K.
The first batch of 32 samples irradiated at a fluenoe level of
1.5 x 109 n/(:n2 hag been taken out from CIRUS and is at present
undergoing cooling before being tested for impaot property determina-
tion. Apother batch of 32 samples has been loaded to receive a
fluence level of 3 x 1019 n/cmz. Specimen design and the formula-
tion of test proposal for fraoture mechanlcs studies are in progress.

2.1.10 Dymamic Strain Ageing Behaviour of Zircaloy-2
(V. Ranan ani P, Dasgupta)

Presence of interstitials in zirconium alloys may cause
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etrain ageirng that can result in loss in ductility, thereby restrict-

ing the service apulication of these alloys. To examine this problem,

an attempt hac been made to study the dynamic strain ageing behaviaur

of zircaloy-2. Annealed samples of zircaloy-2 having a grain size 15-20/4-
have been tested at temperatures between 250°C and 350°C, at strain
rates‘l.‘1.6 x 1072 ae:;-1 and 3.2 x 1072 sec™!. Mo detectable sexrrations

in the stress-strain curve have been observed which indicates that
temperature and strain rate ranges are not approprizte to cause solute-
dislocation interaction effectivwe enough for dyremic strain ageing.
Temperatures above 350°C amd strain rates less than 10-3 sec~'1' could

be a better choice for observing this effect in Zircaloy-2.

2.1.11  Alloy bevelopment Programme
(4.X. Asumii, T.K. Sirha, P. basgupta and V. Raman)

Sufficient progress has been made towerds standardisation of
melting, fabrication ami heat treatment procedures of Zz-2.5Nb alloy
which has been proposed as a pressure tube material in muclear power
reactors. Melting parameters involved in consumable electrode melting .
of sponge as well as Zr-2.5 !b alloy were determined, and on this ‘baéis.
an ingot of 2r-2.5 Mb having the dimension of 44 mm dia. and 150 mm.
lerngth was melted using pressed Zr-sponge and Nb-wire electrode.
iletallographic examimation of the first melted ingot showed megregation
of alloying element at the central region anl therefare remelting wae

pecessary to obtain a homogensous ingot.

The quality of the double arc melted alloy has been evaluated
by metallography and hardness measurement. The hardress value has been
found to be within 210-220 VPN which compares fa_ vourably with the
reported hardress for commercial Zr-2.5 I alloy - in the cast form.
Metallographic examination of the samples sectioned at different
regions of the ingot showed a uniford microstructure consisting of
primary Nb-rich beta-dendrites embedded in the matrim of transfomed
beta, Sections hot rolled at Q¥850°C, when examined, showed fine
recrystallised alpha together with 2 fine network of transfommed beta
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phases. ''he rolled sheet, when eolution anrealed at 850° (alpha +
bteta region) and water quemched, developed a microstructure consist-
ing of primary alpha embedded fn alpha' martensite. The hardness
of the quenched sample was round to increase to 270-780 VEN,

To sum up, metallagraphic examimt ion and hardness measure-
ments carried out on cast, rolled and heat-treated samples of Zr-2.5 M
prepared in this laboratory have shcan characteristics closely similar
to those reported for commercial grade 2r-2.5 Nb alloy. FRurther wark
on heat-treatment and mechanical properties is contiming.

2.1.12 Interml Friction Studies in Stable and Metastable Beta
’ Titanium Alloys
(S- Mishra and M.K. Ammi)

Intermal friction studies were conducted on Ti-Mo and Ti-V
binary alloys, and a beta III alloy (Ti-11.5 Mo-6 Zr-4.5Sn - 0.13 0).
Five peaks were observed out of which only one has been reported earlier.
The peak which occurs at the lowest temperature has been reinterpreted
as due to the jumpirng of vacamcies around interstitials leading to
rotation of vacamy-interstitial -solute pairs. The fourth peak is
interpreted as due to Snoek relaxation. The fifth peak is intsr-
preted as due to dislocations generated during isothermal «wv trame-
formation. The biming energy of oxygen with dislocation is the
difference between the activation emnergies of the last two peaks
amd 1t has been found to be 5 kcal/mole. Another peak has been
obasrved in Ti-17%lo alloy containing low oxygen. This has been
explaimed ag due to the athermal farmation and dissolution of the
embryoces of ) under oyclic stress.

2.1.,13 Discontinuous Yielding in Solid Solutions
(V.V. Raman, C.N. Rao and M.K. Asundi)

Many golid solutions at ¢~ ' 1in ranges of temperature and
strain rate exhibit discontimuit .n the stress strain curve. Such
alloys also exhibit a decrease in flow stress for an increase in
strain rate with a rarnge of temperature. A model capable of explaining
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this phenomennn han been formalated. The model agsumes the following:
(1) at any given time only a fraction of the dislocations are mobile
(2) All dislocations are mobile for sometime and stationary for the
rest of the time (3) when the dislocatlions are stationary, solute
atmogpheres start forming around them and when they are in motion,
they move drugging the atmospheres which gradually decay and releass
the dislocutions. The metellurgical behaviour of the material would
correspond to the observed negative strain rate sengitivity and hence

to discontinuous yielding.

2.1.14 Thermomechanical Treatment in 2ircaloy
(V.V. haman, C.lf. Rao and M.K. Asundi)

Texture and grain size are the two important variables that
can be controlled to give desired mechanical properties to zircaloy-2.
The texture of zircaloy-2 sheets ig affected by the variables during
hot rolling and cold rolling operations. It is also affected by
intemediate annealing schedules during cold rolling operation.
Graln size, on the other hand, depends on the last stages of cold
rolling operation and annraling time and temperature. Different
combinations of the above variables were used with the same starting
material to end up with & sheet of the same thickness. The yield
strength, ultimte tensile strength and elongation were studied as a
function of these variables.

2.1.15 Oxygen Dislocation Binding in the Beta Titanium Alloys
(S. Mshra and M.K. Asundi)

One of the vays to determine the binding energy of solutes
to dislocations is from their emhanced concentrati on around the dis-
location. The cuncentration of solutes along th- dislocation, on the
other hand,, can be meagsured by studying the amplitude dependence of
internal friction. Granato and Lucke bhave shovn that the amplitude
dependent internal friction due to breakaway of dislocations from
solute atomg would follow a relation C,/f exp (-ca/g) where C, and
02 are constants and E_ the strain amplitude. The congtant 02
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is proportiorzl to the concentratlon',[-_golute atoms along the disloca-
tioms. Hence from 02 values at different temperatures ome can cal=
oulate the binding energy of the selutes with the dislocations. Such
atudles were carried aut in Ti-45/Mo and ’I‘i—56lV alloys between 375°C
and SS0°C. It was found that the binding energy of oxygen with dis-
location in Ti-56V alloy 1s three times as much as that in Ti-45 Mo
alloy. This is consistent with the expectation since the redii of the
octahedral holes in the two alloys are different, giving rise to
different elastic interact;on energies.

2.1.16 Effect of Fatigue Hardening on Anmeal?ng Characteristics
in Zirconium Alloys
(v.V. Raman)

Fatigue hardening in metals and alloys is a well known
phenomenon. Under cyclic stresses, well below the yield strength,
substructural chances take place in metals which result in substan-
tial changes in their properties after many such cyclea. In poly-
orystalline zirconium alloys, macroscopic flow is possilble only if
some twin systems also start operating. However, during cycling
between two etresses, localized dislocation multiplication by stress
coxcentration around crack tips of fatigue imduced cracks can cause
localized hardening and also vary the annealing characteristica. This
is being investigated.

2.2 STRUCTURAL METALLURGY
2.,2,1 FPhase Transformation in Zireonium Alloys

(1) Butectoid Decomposition in %r-Cu Alloys
(P, Mukhopadhyay, S.. Banerjee and R. Krishman)

Butectoid decamposition in some ziroonium alloys has been
reported to be very rapid and such alloy systems are desigmted es
"active eutectoid™ systems. An attempt has been made here to study
the mechanisa of the active eutectoid decomposition process in Zr<Cu
slloys. In a Zr-1.6%Cu alloy (eutectold composition), water quenching
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from the beta phase has been found to produce a structure comeist-
ing of -several coloniee, each containing either an aggregate of two
twin related alpha orientat ions imterspersed with ore another or a
aixture of an alpha orientation anl a wmetastable second phase
orientation arranged in a lamellar fashion. Ip many reglons, the
twavy' second phase lamellas have been observed to emerge from the
strajght twin lamellae. Though the majority of the coloniee are

of irregular shape, characteristic of the product of a cellular
reaction, in some regilons,plamr boundaries, typical of a martensite
habit have been observed. An order of magnitude estimate of the
growth rate of a colony has teen carried out ueing parameters like
the observed interlamellar spacing amd the reported values of
diffusion coefficients. It has been found that the observed geomth
rate is a few orders of magnitude faster than the estimated rate.
Taking all these points into comsideration, it has been suggesteda
that the reaction involves the simultameous operation of a maxrtensi-
tic and a cellular reacticn.

Studies on a hypoeutectold alloy (Zr-0.75%Cu) have also
indiocated a shear transformation leading to the formation of marten-
site lathe anda simultaneous sutectoid reaction producing a lamellar
distribution of a metastable second phase at the lath boundaries,
during the beta~quenching treatment. Tbhemodynamically a reaction of
this kind is feasible because the supercooling required for initiating
the martensitic transformation is adequate to bring this hypo-
eutectold alloy into the region of direot eutectoid transformat ion.

(11) Evolution of Different Microstructures in Zr,Al Base Alloys
(P, Mukhopadhyay, V. Raman, S. Banerjee and R. Krighnan )

zr}u btase alloys have shown some promise as structural
materials in mclear power reactars. Thie intermetallic compound has
adequate formability at elevated temperatures ( > 1050°C) and unl ike
alpha Zr-Al alloys, it has a good corrosion resistance. Both hypo
and hyper stoichi-aetric compositions were chosen for this study.
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In the hypostolchiometric alloy (Zr-4.20%A1), beta quenching
produced a lath martemite, a structure which was found to contain
micro domaina of ordered hexagonal D019 particles in a matrix of
disordered alpha. luring temrering at temperatures 2800°C, the
Zr,Al phage was found to emerge in a lamellar form from the lath
boundaries. The tramsfomation front was seen to advanoe in a
discontimous mamer, fimlly producing a lamellar distribution
of the alpha phase and the Zr3A1 phase (Ll2 structure ) with the
following orientation relation :

0001 It {111}
{- D04q Lig

In the hyperstoichiometric alloy (Zr-10/41), quenching
from the }’ + ZrzAl phase field produced a structurxe consisting of
the ZrzAl phase dispersed in a transformed beta mirix. Daring age-
ing at 800°C, the alpha phase was found to react with Zr2A1 to fom a
mixture of alpha and Zr3A1 phases.

(111) Precipitation in Zirconium-tin Alloy:
(Sat. Una Naik and S. Barerjee)

In standardizing the febrication schedule of zircaloy-2,
considerable diffioulty has been experienced in dissolving the second
phase. The exact mture of thie second phase has not been identified
yet. In view of this, the presenmt work was carried out on e binary
Zr-1.5% Sn alloy., Transnission electron microscopy waa used to deteoct
the fine precipitates which form in this alloy during the quenching
fron the B, the of +{3 ami the of phase fields. Selected area
diffraction and dark field techniques were employed to identify the
structure of the precipitating phese. The e cherency strain associat-
ed with these precipitates was'seen to prodice a strong contrast.
Tnis oontrast is being amlysed in arder to be able to determine
the magnitudee of this strain in different directions. Duaring age-
ing at 550°C, the precipitates were seen to grow at a very slow
rate.
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ARV Shiupa Memory Fffect

(5. Banerjee and V.V. Ramun)

Some mariensitic materialy have been reported to have a
‘memory ' of thelr original shepe, however, arbitrary. If this shape
i9 distorted by a plastic deformition and subsequently the material
ie subjected to an appropriate thermal cycle, the original shape of
the material is; regained. This phenomenon hag been attributed to
the deformution procces due to the irreversible migration of coherent
interfaces resulting in a change el ther in the structure or in the
orientation distribution of the crystals constituting the material.
In the present investigation, a set of experiments has been carried
out where Ni-9%) a/, T alloy martensite samples have been muibjected
to a strain and thermal cycle while continuously recording the
stress peneraled in these samnles. The results of these experiments have
provided informatinn regarding the spring back action. The effect of
variables like the plastic strain level and the residual stress level
at which the thermal cycle is given, the t- mperatures and the dura-
tion of the th rmal cycle etc. on the stress generated during
the shape recovery process has becn exanined. FElectron microscopic
investigaticn has shown that Ni-Ti martensite plates, made up of an
alternate stacking ot two twin ielated orientations, also contain
some blocks of twin orientations within the matrix lamellae. This
obpervation is indicatlive of the ease wi th which reorientation is

possible in this structure.

24243 Heat Treutment of M tunium and Zi rconium Alloys
(1) Pi-8A1~-1io-1V
(S.J. Vijayakar, S. Banerjee and R. Krishnan)

A wide variety of microstructures could be prpduoed in
this commercial alloy by choosing suitable heat-treatments. In
this study, the microstructures were characterized from TEM observa-
tions and the mechanical properties ¢ “respomding to these structures
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wore evaluated. By changing the solutionzing temperature in the -

(ol + B8) phase field, the relative proportions and compositions of

the alpha and the beta phases could be altered. On quenching from these
temperatuyes, the beta phase was found either to transfom into a
martenaite or be retaiped, depending on the re-distribution of the
alpha stabilizing (Al) and the beta stabilizing (Mo & V) elements

in the teta phase during the solutionizing treatment. The plet of

the yield strergth versus the solutionzing ‘temperature showed a minimum
which was found to te associated with the presence of the mstastable
beta phase. During deformation, thls beta phase was found to undergo a
martensitic transformation, the ;y.teld stress' representing the cri-
tical strese required for inducing the tramsformation. Such ylelding
at that relatively low stress level did not occur when the solution
treated material was subsequently tempered in order to decompose the
netastable beta phase into an equilibrium mixture of alpha aml beta. In
gome cases, where the solutionizing temperature was trough down to

S 900°C, the alpha phase got enriched in aluminium to about 1035
resulting in the fornation of the ordered 0(2 phase.

(11) T1-67Cr and Ti-12%lo
(4. Unnikrishnan and S. Banerjee)

The pracipitation of the alpha phase in the matrix during
isotherml treatments of these two alloys was studied. The kinstios
of these precipitation reactions were examined, the C-shaped time-
tempe rature -transfomat ion dlagrams were plotted and the activation
emergy of the process evaluated. In the T1-6Cr alloy, it was seen
that the reaction rate for sanples quenched from the beta phase and
sutsequently tempered in the (of+ B ) phase field was much higher
tlian that for the samples directly quenched from the beta phase to
the reaction temperature in the (ol + B) phase field. TEL investi-
gations showed that even a single precipif:ated alpha plate was
constituted of a muaber of alpha crystals of differing orientations.

"In many cases the matrix btets was found to undergo e martensitic

reaction.
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(111) Mechanical Properties of Quenched and Tempered Zr-Nb Alloys
(S.Je Vijaynkar and S. Bamrjee)

_ In contimation of the previous work on the structural inwsti-
gation of quenched and tempered Zr-Nb alloys, 2 study of the meohanical
properties of the heat treated Zr-2,5%Mb and Zr-5.5%MNb alloys was
taken up. By selecting the proper tempering temperatures, it was possi-
ble to precipitate the ﬁ1 phase {Zr-20%ib) in one set of samples and
the ﬁz phase (Mb-15%Zr) in ancther set. PFrom the results cbtained so
far, it hae been possible to infer that the maximum etrength is asso-
ciated with .the precipitation of the ﬁ, phase at temperatures elightly
lomer than the monoteotold temperature. When the tempering tempera-
ture is raised above the monotectoid temperature a rapid coarsening
of the .ﬁ1 pm?ipitates occurs, lea'dirig to a conspiocuous drop in the
strength of the alloy.

2.2.4 Stud ies on Trensformation in Steels

(1) Ve format fon-induced Transformtions in a Type 316 Stainless
Steel (V. Seetharaman, S. Banerjee and R. Krishnenm)

In many austenitic steels, austenite transforns to martensite
during plastic deformation at or bolow anbient temperature. Such a
-deforma *don induced transformation manifests itself as the well known
TRIP effe.t in these steels and has a pronounced influence on several
charaoterisi.tcs like the resistance to c'rack propagation, magnetic
permeability, corirosion resistance etc. Therefore, experime nts have
" been carriad out to study the fomation of martensite as a function
of the temperature, the rate and the extent of deformation and its
" effect on the mechanieal properties of this steel. It has been
found that plastic deformation at temperatures below -70°C results
in the formation of thin ard mrror deformation bands on i111}v
arml these Wands, in general consist of overlapping stacking faults,
mechanical twins and sheets of hexagoml close packed € phase.
Upon further deformation, the of phase mucleates at the intersection
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of two sets of shear bands and then grows into a lath like
morphology. Onceel i3 micleated by defommation at sub-zero tempera-
tures, it cauld then grow spontaneously during subsequent heating.
This thermally activated growth of o is rapid around 400°C, tut
abow 500°C, o reverts tack to austenite. The formation of e
martensite leads to pronounced strengthening of this steel and the
increments in the flow stress values could be directly correlated
with the volume fraction of the « phase.

(11) Precinitation Reactiors at Elevated Temperatures ina -
Type 316 Stainless Steel
(V. Seetharaman)

Long time exposure of type 316 stainless stesl to eleva-
ted tenperatyres is known to cause decomposition of the austenitic
matrix resulting in the formation of several carbides aml imter- |
metallic phages. Unrortunately', the time am temperature mnges
reported by different inwestigators for tle fomation and stability
of the various phases sre not consistent. Henoe a systematic inves-
tigation of the microstructural stability of this steel as a mnctiori
of thema] and mechanical pretreatments has been taken up. In the
case of solution treated alloys, ageing treatments lasting upto 250
houref temperatures ranging fran 600°C to 800°C cause only the preci-
pitation of carbide and the}. phese. Initially, M2306 type of
carbides precipitate profusely along the grair boundaries and twin
boundariss. Bat after prolonged ageing a large mmber of intre-
cramlar Widmanstatten precipitates also appear. IE2306 type
carbides possess & f.c.c. structure and are in parallel orienta-
tion with the matrix. '

Cold warking prior. to ageing erhances the precipitation
kinetica and renders the distribution of precipitates more uniform.
The deformetion bends present in the cold worked austenite act as
preferential micleation cites for these carbides. Since the owerall
volume fractions of the precipitates remain below 1% even aftexr
very lorg durations of ageing, these precipitates do not contribute
significantly towards the strengthening of this steel. However,
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they give rise toa stromg tenlency for the cracks to propagate
alorng the grain boundaries containing these precipitates.

(111)  Age Hardening in a Fi 13-8 Mo Stainless Stael
(V. Seetharamem and M. Sundara Raman

Martensitic precipitation-hardemble stainless steels
are noted for their high fracture toughness, resistance to stress
corrosion crackirng and retention of high strength at temperatures’
as high as 500°C. Among them PH 13.8 Mo stainloss steel is cnare-
cterized by the complete absence of S ~ferrite and hence possssses
£00d centerline tranaverse ductility. This work has been taken up
to follow the microstructural changes ocourring during the mrecipi-
tation hardening treatment and to study their effects on the mechani-
cal properties of this steel.

Solut ion treatment at 900°C followed by air cooling leads
to the complete transformation of austenite to martemsite. This
martensite comsists of very fine lathe and is characteriesed by a high
density of dislocations. Subsequent ageing of this martensite at
temperatures ranging fram 450°C to 600°C leads to the fomation of
extremely fime precipitates of an intermetallic conpound carresponding
. to the camposition, NiAl, Besides, a fine soale preoipitation of
reverted austenite has teen observed in samples aged at 525°C and
the se austenite precipitates coarsen rapidly during ogeing at higher
tenperatures. :

It has been found that ageing at any temperature between
460°C and 575°C romlts in a substant ial strengthening of this steel,
The yisld strergth and ultimate tensile strength valuss reach a
maximum after ageing at 525°C. This incresse in strength is not
sccompanied by any eignificant, reduction in ductility. Stress
relaxation experiments show that the increase in flow stress values
after ageing is mainly due to the inorease in the athermal oomponent
of flow stress. It appears that the strengthening due to NIAl preci-
pitetes arises aainly from the intermnl stresses in the matrix, while
that due to the austenite precipitates ia the result of the mlative
misorientation of the slip systems in the matrix and the precipitates.
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2.3 METAL PHYSICS
2.3.1 Diffusion Studies

(1) Salf Diffusion in Dilute Fe-Mn and Fe-Mo Alloys
(v.S. Reghumthan ard B.D. Sharma)

: Self-diffusion studies in a series of dilute iron base alloys
having mangarese and molybdenum S.a alloying additions, have been
conducted to establish 'correlation effects'. The data have been
amlysed in acoordance with Lidiard's theory. The temperaturs depsrd-
ence?difmsivity in these alloys could be represented by the followw
ing Arrhenjus equations 1

Alloys (at®) Egqn. Tengé range
Fe-1 Mn(Y) D = 0.38 exp(-66,400/RT) 970-1205
Fe-3 Mn(Y) D = 0.08 exp{-61,400/RT) ~d0-
Fe-1,5Mo(¢) D = 2.24 exp(-57,500/RT) 802-902
Fe-3 Mo (@) D = 1.1 exp (-55,800/RP)  -do-

The typical values for correlation factor for Mn54 and Mo”
diffusion in these alloys were characteristic of vacancy diffusion.
For example, fy for the diffusionMn in ¥ -Fe at 1017°C was 0.78.
The same value was obtained for Mo diffusion in ol -Fe at 802°C,

(11)  Self and Impurity Diffusion in Dilute Zirconium-base Alloys
(R.V. Patil, G.P. Tiwari and B.D. Sharma)

Studies on Belf- and impurity diffusion in dilute Zr-Cr, Zr-Al,
Zr-Fe alloys in teta phese (which shows anomalcus diffusion) have been
contimed.

(111) Diffusion of Fe? in Copcentrated Fo-Al, Fo-Si Solid Solutions
(Vv.8. Reghurathan and B.D. Shamma)

Diffusion of 15‘959 in Fe concentrated solid solutions in the
Fe-Al and Fe-5i gystems has been investigated, the points of interest
being (i) temperature and camposition dependence, (i1} effect of
" magnetic ordering and (i1i) shart range order on diffusion behaviour -
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in these alloys. The following results for temperature dependence

were obtaimd 3

Aoy Diffusivity Temps range
Te-6A1 D = 0.42 exp (-42,290/RT) (Pure)
Fe-10A) D = 0.02 exp (-43,880/RT) . (Pure)

D = 0.06 exp (-46,720/RT) (Ferro) -
Fe-15A1 D = 0.01 exp (-41,290/RT) (Pure)

D = 0.01 exp (-47,290/RT) (Ferro)
Fe-1051 D = 0.25 exp (-55,140/RT) (Pure )

D = 5.59 exp (-52,420/RT) (Ferro)

The composition depenience of frequemy factor.in Fe-Al system’
could be correlated with entropy of mixing for alloys of different
compositions. The activation emergy could be correlated to alloy
coapositions through solidus temperatures by an equation H

D = D, exp (g- s%/R) oxp E‘Q/(Ts/Tm)

axp I (K-mn,,_?ﬂ
wbere @ and X are proportiomlity constants.

The studies have aleso shown that both ferromagnetism and short
- range order strongly affect diffusion coefficients,

(4v)Chemical Diffusion in bec Solil Solutions

(a) Fe-V System

(v.5. Raghumathan, B.D. Sharma)

TUsing electron microprote amlysis, the imterdiffusion behaviour
in Fe-V systan has been investigated in the teﬁperature range 1200-1400°C,
Effort was wade to ratiomlise the diffusion data in terms of Vignesa-
Bircherall's treatment correlating D values with solidus temperature, as
in the case of Zr-Ti system reported last year. The correlation was
found to hold goad in the composition range 10-70% Fe. Temperature
dependence of interdiffusivity in this (0-70 at¥® Fe) region is seen to
follow the relationship

D = 23.4 exp (-4.6 Fe) exp - (80,80C-34000 Fe)/BT
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Below 1200°C, due to fomation of & phase, the diffusi-
vitiy data show scatter.

(b) Titaniun-Varmdiun System
(G.B. ¥ale, S.K. Khera amd G.P. Tiwari)

The chemical diffusion in Ti-V-diffusion couples has been
investigated in the temperatuxe ramge 900-1200°C. The concentration
profiles obtained by EMMA have been amalysed in accordance with
Boltzmamn's amlysis and thé data ratiomlised following Vignes-
Bircherall's treatment. Ti-V system shows a mipimum in solidus
temperature in the 30-4074'1 range. Diffusion coefficients {ncrease
with decrease in solidus temperatures. The data do not follow
YVignes~Birchenaal's treatment monotonically and have been used to
establish free energy ve composition diagram.

(v) Phase Stability and Piffusion Controlled Growth of
Intermetallic Compounds

(a) Thorium-Iron and Thorium-Stainless Steel Systems
(5.K.khere, R.V. Patil, B.D. Shama)

In contimation of the earlier work on Th-V system, the
phase stability of'thorium-ii'on oacnpounds in the diffusion zonss of
Th-Fe and Th-stainless steel couples was taken up for study. While
difficulty was experienced in making Th/stainless steel diffusion
couples, the results on Th-Fe system have been quite interesting.
Diffusion couples equilibrated in the range 690-780°C have shown
presence of 'l‘h7Fb5, 'I'thj. Th Fb5 and Ttha17 intermetallics in
the diffusion zone. The relative distribution of these phases is
found to vary with temperature and time of anmeal, The data have
been amlysed to obtain the relative growth rates of these inter-
metallic compounds.

(v) Iron-Titanium System
(GuB.Kale, S.K. khern and G.P. Tiwari)

The Fe-Ti system, unlike the Ti-V system, doss not exhibit
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complete solid solubility. The phase diagram exhibits the presence
of two intermetallics, i.e. T:i.l‘l?2 and TiFe. Diffusion studies using
EPMA are currently in progress to examine the relative distributicn,
phase atability and the growth rate of these compounds in the
diffusion zome of Fe-Ti 'sandwich' couples.

{(vi) Hydrogen Absorption and Hyiride Precipitation in
Zr-Base Alloys
(4.D. Vora and B.D. Shama )

The hydrogen absorptlon characteristics of iocdide and
sponge zirconium, zircaloy-2, Zr-2,5%Nb and some Zr-Mi alloys have
teen investigated in the temperature range 275-550°C. Hydrogen
absorption is marked by transients attributable to surface effeots.

The diffusion controlled transformations aceompanying
Zer precipitate farmation and disgolution have also been investigated.
The data for precipitation follow the well known Johnson-Mehl correla-
tion and yield an activation energy of 8200 cal/gm.mol for hydrogen
diffusion in zirconium alloys. Disgolution experiments involving heat
treatments of zirconium alloys containing hydride platelets above
ol /el + hydride) phase boundary, have also yielded results confirming
the above activation energy. ‘

{vil) Solute Redistribation Studies in Oxidised Zirconium Alloys
(S.K. Khera, G.B. Kale and H.S. Gadiyar)

EFMA studies on solute distribution in oxide layers, and
in oxide/metal interface regions, have bteen conduoted for Zircaloy-2
and Zr-bimry alloys containing Nb, Cr, Sn, Ou and Ni. The specimems
are oxidised in steam at 558°C. In the case of alloys showing highox
oxidation rates, the solute oxide is found to dismolve in the 21-02
matrix without any compoesition variation. However, for solute addi-
tions of limited solubility like Cr, Ca and Fe, solute enrichment at
interface am depletion in the alloy is observed. The results are of
interest in relation to the relative stability of various oxides,
as also the oxidation behaviour of zirconium alloys.
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2.3.2.  leutron Irradistion Effects

(1) Defect Structure and Post-Irradiation Annealing of Meutron

Trradiated Nickel Allnys
(M.X. Matta, I.S. Batra and B,D. Sharma)

The defect structure caused b& neutron irradiation, which
i3 respormeible for radiation lmrdening, has been examined by trensmi-
gsion slectrrn micrescopy in polycrystallire nickel, Mi-Ti and Ni-Fe
alloys. The dafent structure is found to consist of depleted zones,
black-white defects, dislocation loops, vacanoy tetrahedra and disloca-
tion tangles of varying sizes and deneity. The defect demsity of
tetrahedra and dislocation loops is found to be high in Ni-T{ amd Ni-Fe
alloys 28 ccmpared to the pure metals. Post-irradiation anmealing
gtudies have alﬂo shown that radiation hardening, assoclated with
these defects, nnreals out in the temeratum rerge 150-300°C, with an
activation energy of 2.1 eV. This is lower than the activation energy
for self diffusion in pure nickel.

(1) Solid Solution Strengthening in Nickel Base Alloys
(M.X. Matta and B.D. Sharma)

The mechanical properties of Ni-1%Ti, M-5#Ti am Ni-8%Fe alloys
have been investigated in the lemperature range 77-450°K, These studiss
have leen concerned with tensile strength properties, work-hardening
tehaviour, evaluation of *themal' and ‘athemmal' components of flow
stress and, thermal activation parameters, Intersection of soclute -
induced !forest dislocations® has teen found to be the rate controll-
ing mechanism in lor temperature defarmation. Cottrell's elastic
interaotion appears t0 be effective in dislocation binding at higher
temperatures. TEM has shown ample evidence for large scale dislocae-
tion tangles in high comcentration alloys. .

Portevin-le Chatalier effeot has been observed during

tensile testing of Ni-19Ti alloy in the temperature range 275-450°C
at straip rates varying from 2.62 x 10 9gec™! $0 2.62 x 1074 sec™ .
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The results are quite interesting as these provide evidence for
application of the dynamic stra;i: ageing model for serrated yielding
in nickel-titanium alloys. The studies yielded an activation energy
of 0.99 eV for aigration of titenium in nickel.

(i) (Meutron-irradiation Strengthe ning in Nickel Alloys
. (Bsls Sharma and M.X. Matta)

The effect of neutron irradiation on tensile properties
of Ni-1%0i, N1-59Ti ani Ni-8fFe ailoye has been inmestigated in the
temperature range 77-408°X. Strength parameters, work hardening
rates and thernal activation parameters for lov temperature deforma-
tion of irradiated alloys have been investigated. The irradiation
hardening in alloys in found to follow (A")im = (Af'soln +A(irr)
relationship. Amlysis of therually activated deformation parameters
has ehown short range ohstacles of Hy(«e*)~ 3.0 eV to be rate controll-
ing in Irvadiation strengthening.

{(iv) Badiation Hardening in Iodide and Sponge Zirconium
- (KD Sharme, M.K. Matta amd I.5. Batra)

The temperature dependsmce of flow stress amd ite sirain
rate sensitivity have been investigated forx iodide and sponge zirconium
peutron frradlated to differenmt doses in 1.0 x 10 n/cm ~ 6.5 x 10 n/cm
range. Btudies on unirradiated metals have shown P.N, force to be
brata controlling in low temperature deformation of iodide zirconium,
and dislocaf ion-pinning by oxygen atoms in the case of sponge ziroonium.
The effect of neutron irrediation on thermal activation parameters is
ssen in reduced AN* values with neutron dose for iodide zircénium; there
is almost little influenos in sponge zirconium,

The dose dependence and temperature dependence of flow strei:
in irradiated zirconium of both iodide and sporge purity, follow Seeger's
hypothesis predictig (A€) va (.t)% ama (A¢)2/3 'ILT 2% relationships.

The effect of neutron irradiation on Hall-Petch relation-
ship for sponce zirconium has also been investigated for diffarent
temporatures. MNeutron irradiated spocimens followed the Hall-Petech equaticn
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for low reutron doses, tut at elevated teapsratures ‘aromalous’
results were seen.

(v) ‘uench-hardening and Quench Irradiation Hardening in
Zircaloy-2 and Zr-1%A1 Alloys
(M.K. Matta and I.S. Batra)

The low temperature deformetion of as-guenched and
quench-irradiated zircaloy-2 and Zr~1% Al alloy has been inwestigated
in the temperature range T7-400°K. The flow stress temperature and
strain rate seneitivity stud ies'have teen used to evaluate 'thermal'
and ‘athermal' compoments, and themnal activation parameters. Though
both querching amd irradiation incrzased yield strese values substan-
tially, the relatiwe changes in activation area values were quite
smll, suggesting that long renge, quenching stresse's retained in
the matrix have a stronger role to play in the strengthenirg process.
The rate controlling mechanism in low temperature deformation is

interstitial -dislocation interaotion.

(v1) Swelling Behaviour of Irradiated Copper Boron Alloys
and Growth of Gas Habbles
(3.P. Tiwari)

The studies on mucleation and growth of gas bubtles in
reutron irradiated Cu-Boron alloys have teen contimued. Metallographic
exanination has revealed ample evidence concerning various stages of
bubble growth. To begin with, bubbles grow inmdividually unaffected by
the proximity of meighbours. The next step is growth Yy coalescence,
when mighbouring bubbles join up to form bigger tubbles. The driving
foree for this type of growth is visualised to be the increase in the
entropy of gas present inside the bubbles. The free surface and gre.in
boundaries act as important vacamy sources for the exchange process
contributing to this type of microstructure.

2.3.3 Solidification Texture in Splat-cooled Alloys
(F.K.Z. Yayar)

Studies on solidification textures in splat cooled metals
and alloys have teen contimed. Some interesting results on Al, Bi, C.
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Pb and Zn were published during the year. It is to be mentioned
that this aspeot of splat ccoling has received praotically little

attention in the past.

2+3.4. Computer Based Research
(5.K. Knera)

A computer p.-ogréme to facilitate the amlyses of SAD
patterns fram intermetallio compounds of' two or three eloments has
teen developed; the programee being applicable to all crystal systems.
By using it any zero order Iaue“'zons. reciprocal lattice section
correspordirg to a given structure can be plot'tedndireotly by the
computer. In addition, the interplanér distances and relativistically
corrected values of stzucture factar and extinction distance for any
Pragg reflection can te calculated.
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3+ CORROSION AND EI&SCTROMETALLURGY

The Corrosion and Electrometallurgy Section has continued
its activities on the development of corrosion resistant materials
for high-temperature high-purity water and for sea water applications.
8trese corrosion oracking of zirconium alloys in iodine etmosphere,
basic studies on corrosion in higp—tehxperah:re high=purity waters,
elactroplating of metals and alloys, electroplating of composite mate-
riale, electxowlnning of cobalt rare earth alloys and hydrometallur-
Zical leaching of metal values from nickel and copper concentrates,
formed the active part of the programmee. The Section has aleo carried
out verious consultancy services and rendered assistamce in failure
analyeis studies. '

341 BIGH TEMPERATURE CORROSION STUDIES
3e101 Oxidation of Zr-Hi alloys
(H.S. Gadiyar end S. Chakravarty)

In comparison with several Zr-base alloys such as Zr~ib,
Zr-Cr and other alloyse, corrosion studies of binary Zr-Ni alloys
containing 0.1 to 2,0 wt & nickel have been carried out in high tem=~
perature water at 360°C, steam at 400 and $50°C end oxygen at 600°C,
‘This study will also throw some light on the belief that nickel addi-
tion to ziroéniwn alloys would cause considerable acceleration of
hydrogen absorption of these alloye. In high-temperature water,early
oxide epalling was observed on all the alloys and the hydrogen abeorp—
tion was nearly 100% of corrosion hydrogen in severai cases. The higher
the nickel content in the alloy the more was the amount of hydrogen absorbsd.
This increased hydrogen abeorption has been attributed to the metallio
surface activity of nickel vhich gets concentrated at the axide surface
during corrosion. In steam at elevated temperatures, the corrosion
rates are low due to & nickel enriched lsyer near the metal/oxide inter-
face. But again the oxide grom is prone to early epalling. This has
been correleted with the distribution of hydrides in the metal matrix
and the type of cracks fommed at the metal/oxide interface.
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3,12 Effect of lon implantation on the corrosion resistance
of zircaloy-?2
(H.5. Gadiyar snd 5. Chakravarty)

The technique of ion implantation has been recently gaining
importance as one of the corrosion preventive measures. Tubular ziro-
aloy=2 specimens were implanted wi’h argon ion at Nuclear Physics Divi-
sion to have a thin affected layer on the surface, These wers corro-
sion tested in pressurized water &t 300°C with a view to assessing the
effect of 1on implantation. The control specimens showed weight gains
of 14 ng/dn after about 700 hours of expoaure while the implanted epe-
cimene chowed weight gains of about 24 ng/d.m This indicates that in
these pericds of exposure the effect of ion implentation is not pronoum-
ced, Similar results were obtained also in steam at 450°C, Further
work is in progress with a view to implanting Pe and/or Cu ions on the :ur=-
face apd testing for the performance of these ion implanted specimens.

3.1.3 Corroeion of zirconium alloys under dynamic conditions
(#.5. Gadiyar, S.V. Phadnis and S. Chakravarty)

-Prom the static corrosion studies on a variety of zirconium
alloys in water and steam at temperatures from 300 to S00°C, it was
earlier shown that additions of Wb, Fe, Cr and Cu as alloying elements
to 2r improve the latter's corrosion resistance. To extend the
study to dynamic conditions in flowing water, several eslloys were ex-
posed in a dynamic corroeion loop containing high temperature water at
550°7, flowing at & rate of 7 = 8 tt./5ec at a pressure of 1200 psi.
This loop is located at and operated by the Reactor Engineering Divi-
sion.

Upto a total exposure of 3040 hours, the weight gains ob-
tained on gircaloy~2 and the experimentsl r-0.5 Nb~1Cr alloy are com-
parsble inlicating equivalent corrosion resistance under dynamic con-
ditions also., The binary alloys iike Zr-¥b and Zr-Cr, however, had
higher weight gains than sircalcy-2. The exposures are being continued.
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Seled Magnetite coating on mild steel in high temperature water
(H.S. Gadiyar and S. Chakravarty)

‘It has ‘b’een_ shown earlier that a protective magnetite coating

férma on m.ud steel when it is exposed to high temperature water at a
g of 10.5. This work has been continued in order to stuly the long
term a’tability' of the magnetite coating to determine the corrosion pco-
duct tramsport to water and to study the effect of dissolved oxygen in
water on tﬁe'protectivenesa of the magnetite coatings The initial studies
wers carried out at a pH of 10,5 and temperature 600°F with 4 vmm of

' dissolved oxygZene The megnetite i'ormadb was adherent end protective and
had sn average thickmess of 1,9 microns. The base metal corrosion rate
wag high in the begioning and cohaiderably reduced towards the end of
about 127 days of exposure, Further experiments are in progress to de=-
termine the eoffect of oxygen in the environment on the protective nature

of the coatinge

Je2 CORROSION OF ZIRCONIUM ALIOYS IN IODINE ATMOSPHERE

3.2,1 Strese corrosion cracking in iodine vapour
(K. Elayaperural and G.C. Palit)

It has been roported earlier that annealed zircaloy-2 is
susceptible to atress corrosion oracking in methanol - iodine solutions
when stressed uniaxially to a level of 75% of 0.2% yield strength, Thie
i0dine stress corrosicn cracld.r_e atudy has been extended to the actual
fuel oladding girealoy tubee. The RAPP type fuel tubes were obtained
from NFC thi'ough PFPED, Rings cut from thess tubes were stressed beyond
yield strength either by a tight fitting mandrel or by forcing
a wadge on a slot mde on .the ring. These were exposed to pure lodine
vapour at 300°C. The results to-date indicate that stressing either
by mandrels or by aloftod ring does not lead to ocraoking even at high
conoentration of fodine (about 30 lx/dnz). However, in the presence of
a catalyst vis. steel wool, the slotted sircaloy rings were found to be
embrittled after expomure to iodine. These embrittled specimens could
easily " be cut by manual bemiing, Apparently the occurrence of atreas
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ocorrosion cracking requiree very specific type of stress and loca-
lised concentration of iodine. Further experimeuts are in progress
to arrive at the conditions which will lead to cracking., and to exa=

mine the crack pattern by microscopye

3e2.2 General corrosion vof, girealoy-2 in lodine
(K. Elayaperumal and G.C. Palit)

Sometime during the middle of the year, it was reported that
iodine activity in TAFS reactor water showed a considerable increase
ahove the normal values. With a view to examining the possibility that
ths general corrosion of zjrcaloy;z ¢ladding with - fimssion generated
1odine may occur to such an extent to result in excess iodine activity
in the reactor water, a programme has been conducted to study the gene-
ral eorrosion of zircaloy=2 tubes in iodine vapours Weighed zircaloy
rings cut from the cladding tube Were exposed to iodine vapour at 300°C
for a long time. The corrosion products obtained were dissolved in
- water which was later analysed for girconium and iodine, The re-
sults indicated the following:-

The colour of the solution obtained by just dissolving the
corrosion product (pH = 2) was found to be slowly turning %o violet
indicating the full release of iodine. In the acid solution all the
reacted zirconium and ioding end up in the solution whereas in the alka-
line solution {pH = 11.5 by adding I40H), the amount of zirconium was
of the order of magnitude less than that in acid solution while iodine
remained the same. Since the reactor water is slightly alkaline and
the actual reactor water while showing increased activity of iodine did
not indicate any appreciable quality of sirconium,it is possible that
corrosion of zircaloy with iodine may also be one of the causes of ine
creased lodine activity in the reactor water. A

-

3,3 CORROSION OF MATERIALS IN SEA WATER AND SAIT WATER COMDITIORS

3e3.1 Corrosion of Al-lg alloys
(4.5, Gadiyar, N.S.D. Blayathu and V.P. Joshi)

Al base alloys are of interest to desalination applications
beocause of their good thermal conductivity, greater availability and
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good corrosion resistance in the neutral pH range. However, their
use will ‘ix':volve careful design and 'engineer:lng partiouiarly to aveid
pitting end galve.n:l.o corrosion, In this cmnection, studies on the
corrooion bellaviowr of Al-l!g alloys ecntud.nmg 1.0y 3.5 and 7,0 wt.b

Mg have been carried cut in smbiemt @l bolling 3.5% HeCl elution.
Long term exposwres. {upto 400 &qya) at roou temperature have indicatc
low corrosion ratea (sbout 0.1 mpy) e.nd abeence of pitting on all the
three alloys, In boiling solutiecn, the corrosion rates were higher
(1.1 mpy over 200 daye for 76 Mg; 1.7 apy over 544 days for 3,50 ¥g
and 3.0 mpy over 370 days for 1% Mg alloy). Pitting apd orevice effs: s
were predominant on the 174 Mg alloy while they were lems severe on i~
alloys of lesa . sontent., The results, thus, indicated satisfactory
corrosion behaviour of the T and 3.5% Mg alloys both in embient ani
boiling NaCl solutione '

3.3.2 Corromion of copper and titanium alloy-
(P.R. Shibad)

In a prograome to defemine the corrosion characteristios »~
Ou-base end Ti-base ailoys to salt water systems in desalination serv: .8y
two new materials woere tested in the laboratory under conditions repr:
senting those existing in desalimation gyetems. These are a Cu-base
alloy containing 9% Sn and 2% AL snd & Ti-2% Mo alloy. The choice of
the two alloys 18 hai_ed on the published informations on sea water co: o=
eion rates of similer slloys, These were tested for 15 days in synthe--
tic sea water and also in 3% NaCl solution and the effect of pH, tempe. .
Tature end stirring haa been studied. The results indicated the folloingi-

-Neither pitt:lng nor my othor localised attack was seen on
the Cu-buo nlloys. The rates of the Cu~base alloy are generally low .and
within the normally aecepfable limit of 5 spy. However, the corrosion
rate was quite high under acidic conditions which might develop under
orevices, Hence, the performance of the .cu-ba_-e alloy is not acceptable,
The Ti-to alloy is very reeistant under all the conditions tested. Theze
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laboratory results will be compared later with the results obtained
by exposing these specimens to flowing sea water in a Joop operated
by Reactor Engineering Division in CIRUS Jetty.

© 30543 Corrosion of (!u-A.'I.,‘,O3 and Ni—'J.‘i.Oz composites in salt water
(P.R. Shibad, M. Totlani and M.N. Joshi)

The composite materials Gu—ﬂ.'L205 and N:l.-T:!.O2 were cobtained
in the laboratory by electroplating of copper and nickel in convene
tional baths which contained & fine dispersion of alumina or titania
particles, In addition to testing their etrength, hardness and con-
duetivity, their corrosion resistence in salt and sea water conditiomns
was also studied. Both the 3% NaCl solution end synthetic Bea water
were used. The resulte indicated that the corrosion rates of the dise
persion hardened composites are not very much different from those of
parent metal. The composites were examined metallographically before
and after corrosion and it was observed that the interface hetween the
particle and matrix is probably corroding preferentially giving rise
to elight welght loss in extreme conditioms. It ie, thus, seen that
the addiﬁon of oxides to increase strength dces not affect the corro-
sion resistance appreciably.

a4 BASIC STUDIES ON CORROSION

34,1 Studies on the mechanisms of oxidaticn of sirconium alloys
(H.8. Gediyar)

The transition obgerved during the kinetic studies on corro=
sion (which generally represente the break-down in the protective mature
of the oxide £ilm) has baen earlier explained as due to an oxide re-
orientation procees end development of texture in 202 plane. Benefi~
cial effects of Fe, Cr and Cu have been observed during oxidation in
high temperature sieam environments above 400°C, This aspeot has been
correlated to the redistribution of the second phase in the oxide layer
and metal/oxide interface using electron microprobe analyser. An
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enrichment of these alloys haa been cbooerved nesr the Z:r:/Z):O2 inter-

fage. This acts 83 a barrler for the decreased corrosion rates.

3.4.2 Effect of envircamental nitrogen on high temperaturs
' cocrosion resistance of zirconium alloys

(H.S. Gadiysr aud $.V. Thudnie)

The presence of nitrogen in the environment can cause Jele.
terious effects on the corrosinm resistence of sirconium alley .,
thie in view, a few zirconium alloys (binaries with &i, Sm, Cr av:
zircaloy-z) were exposed to the commercially pure nitregen at s ue:: -
rature of 600°O; It was seen that énvironment njtrogen acceluraz:. .
oxidation of zirconium alloys, zircsloy~2 baing particularly sffcoiad
at this +emperature, This effeoct was found to be less for Zr-i1fii =-.u
Zr-15n alloys particularly during the initisl pre-transition oxic L ..
The wstudy 1s being extended to nitrogen -~ saturated aqueous medium -
360°C,

3ede3 Prevention af strees corrosion cracking of zircaloy=2 in
methanol/iedine solution
(K. Elayaperuml and G.Q. Pelit)

Annesled zircaloy-2 has been earlier shown to be susceptibls
to stress corrosion cracking in methanol/iodine solution. Attempts b -
been made to prevent stress corrosion cracking by adding water ax -
inhibitor to the methaziolie éoiution. The times to failure of erneale.
tensile specimens stressed uniaxially to 75% of 0,28 Y.S. in methanol,
jodine eolution at room temperature have been determined as & fumotior
of added water. Complete immunity to SCC was achieved at 15% water.
Dynamic stress corrosion tests in a .ensile testing machine also indi-
cated the wame offect of water. El ctrochemical measurements on varias-
tion of corrosion potential with time and potentioatatic polarization
charaoteristics indicate that water inhibits the anodic reaction by
forming protective passive film,
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3.4.4 Stress corrosion cracking of bimary Zr-Fe and Zr-Cu alloys
(K. Elayaperumal and G.C. Palit)

In continuation ¢f the earlier reported study on stress corro-~
sion cracking of Zr-Cr alloys, work has been carried out on the strese
gorrosion cracking of Zr-Fe and Zr-Cu alloys in methanol/HC1 solution.
It was observed that 2% Fe reduces the corrosion rate and the suscepti-~
bility to intergranular stress corrosion cracking of sirconium. Addi-
tion of Z6 Cu also inluces resistance to stress corrosion cracking of
girconiume The realstance offered by Cu is more in degrse than that
offered by Pe. Unlike Zr-2% Cr alloy, the Z2r-2% Pe alloy has mo duplex
sutectoid structure at the grain bowndariss. The intermetallic
ZrF02 globules ars distridbuted at random in alpha phase matrix. This
"ay be the reason why 2% Fo in zirconium doss not induce complete resis-
tance to SCC. Further experiments are in progress to explain the diffo-
rent effects of Fe and Cu,

3.4.5 Pitting of zirconium in chloride solutions
(K. Flayaperumal and S.S. Chouthai)

In order to characterise the pitting tendemcy of zirconium
in the presence of chloride ions and to compare this tendenoy with that
of stainless steel, basic electrochemical investigations were carried out
on pirconium while expoeed to agueous solutions of chlorides and sulphates,
Preliminary resulis chowed that pitting of zirconium occurred in sulphuric
acid solutions containing certain amount of chlorides sither as HCl or
r¢c13 and that addition of oxidising sulphates such as cupric sulphate
and ferric sulphate prevented pitting. In the electrochemical studies
oritical break~down potential in a potenticetatic anodic polarization
gurve is talan as a measure of the pitting tendency. This was neasured
ag a function of the ratio so:/of. The results showed that zirconiwm
ie having high pitting tendency in a neutral chloride solution and that
adaition of sulphate increases the critical pitting potential to more
noble values indicating increased resistance to pitting. This is
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indicative of the increased stability of the passive film in high
sulphate solutions. The exact relation between the chloride ion end
the required sulphate ion to prevent pitting 1s being compared with
the one available for stainless sieels.

Bedob Measurements of pitting tendency on Al-Ng alloys
(H.S. Gadiyar and V.P. Joshi)

Electrochemical polerization studies have been oarried out
on Al-Mg alloys in 3.4% NaCl solution for determining the corrosion
potential, breakdown potential and the protection potential against
pitting so as to predict the pitting tendency of these alloys in salt
water systems. At room temperature, the corrosion potentials were
always more active than the protection potential indicating that the
alloys are less prone to pitting at these exposures.. On the other hand
at boiling temperature, the protection potentiale were either close
to corrosion potentials or even slightly more active showing that the
alloys are in the possible pitting region. This correeponda with the
simple immersion tests on these alloys which have shown pitting to
oocwr generaily at the boiling temperature but not at the room tempe-
rature,

3.5 CONSULTANCY SERVICES AND ASSISTANCE

The Seqtion has continuei ite services in the. form of oon=-
pultanoy and aesistenoce to the various units of DAE on corrosion and
rolated problems. Some of these are briefly described below,

3651 Services to IREVAC

The Seotion is represented in PREVAC (Power Reactor Water
Chemistry Group) which undertakes research and development activities
in connection with water related probleme in the various power sta=
tions of DAE, During the year under coneideration the following
five reports have been sent:-
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1.
iodine to explain the reported excess iodine activity in the TAFS
reactor water. This report was based on the work cerried out in

the Section (Pleape see item 2,2) ~ (K. Elayaperumal end G.C. Palit).

A report on the general corroslion of zircaloy-2 im

2. Substitution of nitrogen for helium in PHT storage
tank of RAPS-I : Corrosion aspects - (H.S. Gadiyar).

3+ Corrosion of c¢arbon steel in high purity high tempera-
ture water in relation to dissolved oxygen - A literature survey
(6.8, Gadiyar).

4., Two summary reports on "Curing Condenser Tube Corrosion
by Ferrous Sulphate Treatment® (K. Elayaperumal).

3.5,2 ~ Inhibition of carbon steel corrosion in fresh water
(K. Blayaperumal, H.S. Gadiyar and S. Chakravarty)

In continuation of the failure analysis studies of a carbon
steel heat exchanger tube used in service in a fresh water cooler,
reported earlier, studies have been oarried out to find a suitable
inhibitor for prevention of corrosion of carbon steel in flowing fresh
water. Attempts were concentrated on finding a suitable non-toxigs,
non-foaming inhibitor which can be separately hendled in fresh water
systems. By accelerated laboratory test, it has been found that a
mixture of zinc sulphate, sodium 41 hydrogen phosphate and sulphamic
acid is effective in z"educving the corroeion rate by about 9% at &
total concemtration of 60 ppme

Je5e3 Intergranular vorrosion testing of Type 316L 3.8.
{K. Elayaperumal and V.®. Joshi)

In response to & request from an Engineering firm in Bombsy,
a Bet of investigations was cerried out in order to cheok the imtere
granuler corrosion susceptibility of Type 316L S.S. with which the
firm was fabricating an equipment for manufacture of chemicals. The
teats were-qé.rried out sccording to the standard ASTM specifications.
The supplied steel was found not to be susceptible to intergranular
‘corrosion. '
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3+5.4 . Metallographic teshing of Cupro-nickel tubes
. (K., Elnynperumal and V.P. J_oshi),

In response o a request from a Petrochemical organisation,
oupro nickel tubes of composition 70 Cu~20 Ni were metallographically
examined to determine whether the tubes wers in the annsaled condition
or in the cold rolled condition. Th2 examination revealed that the

tubes were partly annealed.

3.5.5 ‘Gorroesion taating on Monel tubes
(1.S. Gadiyar)

Some sccelerated corrosion tests were oarried out on Monel
tubes received from Atomic Fuels Division. Thesme tubes had some
soratches on the outside surfaces introduced inadvertently during
fabrication. 'i'he tests were carried out m,order to msee whethor these
scratohes affect the corrosicn behavioure The test environment was
distilled water containing 500 ppm chloride at a temperature of 330°C
and under presmure of 1430 pei and the period of exposure wes 45 days.
Examination of the corroded specimens indicated that the corrosion was
wniform through~out dml that the scratches had not affected the corrveion

behaviour.

345.6  Chromium plating or. the ﬁetallic seal of R«5 guide tube
' " (AK. Grover) _ :

- In requnén to & request from R=5, 'prelininari work on chro-
nium plating was done on 'fype. 304 SS plates prior to actual plating
‘on the metallic ceal of R-5 guide tubes The latter is likely to rub
contiriuously aga:l.néf. the lattico tube because of tharmal expansion or
contraction. It should have good wear resistance and hence chromium
plating was attempted, Adherent hard ohromium deposit was obtained
in the preliminary teste. The hardness of the depceit ranged from
Ro 45 to 50. A total of nine metallic Seals has been plated and sent
to Reactor Engineering Division for testing their nuifl;bility a9 wear
resistant coating.
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3,5.7 Supply of rare earth metals
(Sohan Singh and A.L. Pappachan)

The ‘individuzl rare earth metals like oerium and lanthanum
and aleo the mixtures of lighter rare earth metals, misch metal, have
been supplied in response to requesta from various research orgenise-
tions in batches of 1 or 2 Kgs. for research purposes.

3.6 HYDROMETATLURGICAT EXTRACTION OF METALS

3.601 Nickel from Jadugudn concentrates
(M. Totlani, P.R. Singh and S.N. Athavale)

It hap been earlier observed in the test on acid pressure
leaching that grinding the copper nickel concentrates to finer mesh
(greater than 99% =225 mesh) enhances the leaching rate at the axygen
over pressure of 500 psi. Tt may be possible to reduce this oxygen
over praessure with the concoenirates still finer (greater than 99%
«400 mesh), thus relaxing the requirement of high presswre in the ma-
terial of conatruction. Systematic grinding teste were carried out
with the copper nickel concentrates which was only 16¢ = 200 mesh. On
a scale consisting of 500 gms of the concentrate (100% =400 mesh), it
was possible to get complete nickel recovery by leaching at an oxygen
over pressure of only 160 to 180 psi at a temperature of 230°?, Sys=-
tematic tests are in progress to study the suit'ability of process,

3,6,2 . Pluidized bed electrolysis
(M. Totlani and P.R. Singh)

A programme on the use of r'].uj.dized bed electrode in the
recovery of nickel from dilute leach liquors consisting of nickel sule-
phate has been taken up. Due to the improved surface area to volume
ratio, this system hae advantage over the conventional electrolytio
process partioularly in the case of dilute solutions through the abe
sence of concentration polarization. The fluidized bed was made of
niokel powder of 60 micron sizZe, The preliminary experiments have
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shown that total output current is maximum at a bed expansion of 9

to 126, With higher flujdization, there is reduotion of current dus
to the loss of electri‘t;él continuity through the particles. Purther
work 1s in progress to electrodeposit nickel from the leach liquors.

3.6.3 . Tungsten from scheelite concentrates
(4. Totlani, P.R. Singh and A. Ramasamy}

Studies on the extraction of tungéten values from low grade
scheelite concentrates of the Kolar Gold f‘iold have been continued.
A wo3 recovery of over 955 has been achieved by following the decompo-
sition of the concaontrate on a 100 gms scale with sodium carbonate in
presence of silica at a temperature of 750 to 760°C for 4 hours, Inves-
tigations have also been carried out t0 separate WQ3 by a two phase
extraction in molten siate using soluble halide phase and insoluble
slumina-silica phase, A maximm of 507 WO, extraction in the halide
phase has been achieved at a temperature of 1080°C from a charge oone
- taining 150 gms. of scheelite concentrates.

Stuiies on the preparation of fine tungsten powder by hydrogen
redustion of W,O3 have been completed. it was possible to obtain in the
laboratory very fine tungsten powder with an average particle size of
" 0,3 micron by fnllowil.ng the bydi-ogen reduction in the presence of hexa=
mine {10 to 124) at a temparature of 750 to 800°C,

'3,7 . ° EIECTROFTNNING OF RARE EARTH METALS

3471 Electrowinning of lanthanum
(Sohan Singh and A.L. Pappachan)

Programme on the electrolytic preparation of individual rare
" earth metals has been continued. Lanthanum metal has been prepared
by fused salt electrolysis from a chloride bath, (4G¢ lanthanum chloride
in KC1 ~ NaCl eutectic) at 960 to 970°C. The maximum current efficiency
was 86% at a ocurrent density of 8.25 mp/dne. The metal obtained was
of purity better than 97%, the major impurity being irom.
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3.7.2 Preparation of cobalt-cerium permenent magnet alloye
" (Sotten Singh and A.L. Pappachan)

Permanent magnets consist:mg of alloys of cobalt with various
rare earth metals are saveral times superior to the conventional Alnico
type magnets in their resiatance to demagnetisation. Work ms been ini-
tiated for preparation of cobalt-cerium alloy from fused rare earth
chloride bath with cobalt gd’chode, in a NaCl-KCl eutectic bath at a tempe-
rature of 960 to 970°C., Cobalt-cerium alloys have been obtained in the
molten state at the cathode and collected in alumina cruciblea. It was
possible to directly obtain cobalt-cerium alloys with 45.3’& cobalt.

The alloys so formed was crushed 10 micron size and is being used for
magnetic studies. Further work 1s in progress to achleve the right com~
position of the type'CoE'R by edjusting the geometry of the cathode, tem-
perature of operation and other electrolysis parameters.

3.8 EIECTROPLATING OF METAIS AND ALIOYS

BeBe Electroplating of boron free nickel
(P.G. Deshpande)

Electroplating of nickel is usually done from stendard Watt's
bath containing nickel sulphate, nickel chloride amd boric acid. Due to
boric acid in solution, the nickel deposits conmtained traces of boron as
impurity. Since boron has high neutron abeorption ci-oss-uction, it
is an undesirable element when electroplated nickel has t0 be used in
reactor structural ‘pﬁrte. So a new bath has been developed to get nickel
elsotroplates containing nickel sulphate (300 to 350 gms/l1), Aluninium
chloride {10 to 15 gms/l) and ortho phosphoric acid (40%), keeping the
pE below 4. Thick nickel electroplates {40 mils) wore obtained and
found to be quite ductile and could be easily oold rolled to sbout 75%
reduction in thiclneas. :

It 1s planned to use this bath to get nickel/nickel oxide
oomposites for MHD programms.
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3.8.,2° Electroplating of Ccbalt rruiganese alloys from fluoborate
bath .
(A.X. Grover and John T. John)

. "In oontinuation of otudies on alloy deposition-fram flucbo-
rate bath, the deposition of cobalt-manganese alloys has been taken up.
This alloy has excellent resisiance t6 wear and to high temperature
oxidation. In addition to studying the usual plating parameters, the
et:t'eo,ts of iddit:l.on agents like ammonium selenate, glycine and citric
acid were also studied. A bath of composition 20 wt.f Ma, Cotdin 20 gm/l
sad. contd.ning glycine, citric acid and sodium lauryl sulphate ap anti-
pit agent gave the best resulte 1: Opera.tad at pH 3, temperature 50°C
and owrent density 8 to 16 amp/dm . The maximun Mo content of the
alloy was 1%, It wae ﬁossible to electroplate alloy deposits having
thicknass greater than 20 microns. The alloy deposits are being evalua=-
ted for structure snd mroperties. '

34843 Electroplating of composites
(¥, Totlani, A, Bamaecny and M.N. Joshi)

Blesotrodepcosited composite coatings are produced when insoluble
materials in fine powder form are kept in suspension in the electroplating
solutions and the electro-deposition is carried out in the usual way,
Inclusion of fine particles in the slectrodeposit makes it possible to
produce coating with modified mechanical properties and wear and abrasion
lnlm Studiu' have bteen taken up to investigate the electrodepo-

' sition of (hx--m.2 3 mad lied'io compoeites and to study their properties,

( I) copper-uml:lm

OQpper-nlm:l.nt elsctrodeposits are obtained from conventional
oopper sulphate bath containing alumina particles (0.3 micron) kept in
suspension by mechanical stirring. The micro hardness of the deposits
incresses from 47 VHN for pure copper deposit to 132 VAN for composite

dopo'litl containing 2.92 wt.% A.'l.‘,,_(:v5 The presence of the second phase
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slumina in the copper matrix does not seriously degrade its electri~-
cal eonduativity, Microscopic examination of the deposit revealed
homogeneous dispersion of alumina in the copper matrix, Oorrosion
properties of these deposits in sea waler are being studied.

{b) Nickel-Titania

Nickel-titania elactrodeposits have been prepared from the
convent ional Watt's bath containing titania particles of size 1 micron
in fine suspension. The mo content of the deposit increases from
2.95 t0 5,36 wt.% with the :I.nr:reaee of 740, in the bath from 25 gns/1
to 100 gms/l3 +the aorresponding miorohardness inoreases from 195 VAN
to 321 VBN, Oxidation resistange of Ni-(rioa depogits vaowm annealed
at 650°C for 1 hour, has been observed to be about 307 better than
pure nickel electrodeposite. Corrosion properties of these deposits

in various media are being evaluated,

39 FREPARATION OF ULTRAPURE ALUMINA, SH.IGA AND YITRIA

(r.a. Deshpande)

ngaemh ena Development work has been undertaken to prepare
sub-micron grade ultrapure aluhina, silica and ytiria required for use
in_electronie industries, Ulirapure alumina (99.999%) hes been pro-
dwoed in the laboratory by treating either impure alimina or commeroial
slminiun metal, The impurities are eliminated as volatile chlorides
either by puseing dry, pure HCl gas or KOl and 2 to 3% HP gas to obtain
the desired purity range. This work is being done in colleboration
with Chemistry Division. The ultrapure slumina thus produced has been
pelletised at 1500 to 2000 pai pressure and sintersd at 1000 to 1400°C,
Their electrical propertiss are being tested in order to check their
suitability as insulstors.



- T0 =

4, CERAMICS

The Ceramics Seotion is engeged in Research and Development
eotivities on (1) muslewr ceramie materials e.g. U0,y ThO, UC, Bed
end Boron Carbide, (2) refractory ceramio materials asge Alumina,
¥ullite, Zirconia, Zircon md magnesia and (3) electrioal ceramic
materials (barium~titanate capacitor and Fi-Zn-Ferrite bodies and
high alumina substrates). The Section Aleo fabricates and supplies
to Aifferent users in BARC, such refractory ware as crucibles, boats,
trays etos, of high slumine and sivconias and caleiun fluoride
orusibles to the requirement of the Plutonium Plant.

In the investigations sarried out on Huclesr Ceremic
naterials as 00, end BeO, the factors such & powder properties and
sintering oycles that influence the sintering behaviour and resultant
wlorostructure were establieched., A method of evaluating the surface
eotivity and sinterability of an g‘Mera bgsthe surface adsorption
of radioactive isotopes such as Mn~ and b~ from solutions, was
succenefully developed. A method of improving the compactability
and eliminating the tendency to pyrophoricity of lower temperature
caloined highly sinterable powders of U0,, Was developeds The
method comsiste of expoaing the powders for a short dwration at
taperatures between 90_0° to 1000°C for 1 to 2 minutes, In the
development work om high elumina bodies, & 95% Alumina body was
succesafully developed heving good refractory and electrical
insulating properties, Mallite bodies were developed which sinter
to imperviousness at temperatures in the range 1400° to 1500°0, In
the stuldies on berium titanate end Ni-Zp-Ferrite bodies, the influencs
of fabricetional parsmeters amd sintering treatmeants on densifioation,
miovostructure and electrical properties has been established,
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dele NUCIEAR CERAMIC MATFRIALS:
4e1,1 Stulies on U02
Btudien on the development of miorostructure in sintered wz‘
(§.8. Anandan apd 8.Y.K. Rao)

Jo extensive invaestigation on the sintering behaviour of ADU
derived u_oz ponders and the factors that influence the micrestruoture
of simtered uoz pellets was completeds In these studies, mz powders
were derived for ADU at temperatures ranging from 400° to 1500°C, and
the influence of various sintering cycles and minor additions such as

!102 ol 7205 on densification end resultant microstructure was

investigated. The major findings were:

(1) The sinterability of the powders decreases as the
caloination texperature inoreasses,

(11) In the case of astive powders, there is an optimm
sintering temperaturs for each powder for atiaining

highest density.

(144) At lower sintering temperatures, porosity is
heterogensously distributed around the grains,
and at higher sintering temperatures, as the
grain growth proceade, more of the porosity gets
trapped within the grains.

(1v) There 1s no change in the microstructure of
sintersd pellets when rsheated for long soaking
periods at temperatwres lower than the original
siotering tempsratures; however, rehesting to
tenperstures higher than the original sintering
temperatres causes a signifioant inorease in

, the m sise,

(v) 1% 1s possible to oomtrol the grein sise in
Sintered pellets by minor additions such ag
npzu-vz o,.um aoting as graimgrowth promoters
ad some as fuhiditors,
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It is thus poseible to prepare sintered !IO2 pellets to a stipulated
deneity and microstructure *- a judicious seleotion of calcination
temperature end sintering cyole, and minor additions where pormissible.

Based on the eoxperience gained in the above studies, a new
progremue has been taken up to study the dimensionel and microstructural
stabllity of high density sintered UO, pellets when subjected to refiring
treatment &t 1700°C end above, for prolonged sosking periods. These
studies will bde ugeful in analysing the problem of inesitu densification
of fuel pellets, ae reported in some of the American PNR'S and BWR'S, and
also in arriving at the paremeters to be ¢ontrolled in the manufacture of
002 pellets to atiain more stable structures ad dimersions.

Stulies on characterisation of an ponders.
(G.P. Tiwari, N.C. Soni end S.V.K. Rao)

In =n effort to develop new methods for oharacterising 002
powders for their sinterability, the adsorption behaviour of 002 powders
in adsorbing raedioactive isotopes such as lfns‘ or Nb95 from solutions
was :i.ﬁvest:l.gated. It was found that as the oaleination temperaturcs of
the powders wae increased from 500° to 1400°C, the amovnt of sdsorption
decreaged sharply, particularly in the calcinstion temperature rangs of
800° to 1000°C. This is in agreement with the findings that, as the
oaleinuiion temperatwre is increased, the sinterability deoreases. The
censitivity of this method 1s being furthesr examined with respect <to
1dentifying the variation in the activity of powders from batch to batch
= which have been mepufactured under seemingly similar conditions but
which exhibit variation in their sinterability.

In the characterisation of 1102 powders,the relation between the
morphology of ammonium diwuranate (ADU) precipitates on the morphology
aund . sinterability of U0, powders derived from them, has been taken up
for study. Experiments were aimed at preparing ADU powders of differing
morphology by varying the conditions of precipitation. PFirst a saturated
solution of wenyl nitrate was prepared by dissolving 800 gms of '0308 in
sbout & 1itre of HNO, ( 111 ). The pH of the solution was then gradually
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raived by the nddition of dil MH 40}{ (111) with continuous stirring and
keeping the solution at 60°C, The first batch of the precipitate that
formed eround pH 2.5 wes filtered end collected. Subsequently, further
semplen were collectad in the pif range 2.5 to 4.5 and 4.5 sud above.
Another serple of ADU wam prepared by caxrying out the entire precipitation
in one operation. A soparate sample of ADW waes prepared under conditions
simlar to those adopted at NFC i.e., precipltation from a solution
containing 100 gm of wranium ions per litre at 60°C, using 4il HB4OH ag
procipitent. The morphology of all thece ADU sample precipitates after
drying is being investigated by Scanning Electron Misroscopy.

Studies on flﬂ-sﬁ-he&ting of U0, pomders.
{N.C. Somi)}’

The investigations on the influence ¢f flash-heaiing treatments
on the powder characteristics snd sintering behaviour of UO2 were
completede Yt is known that, the lower the tempersture of derivetion of
002 from ADU, the greater is the sinterability. Powders derived at lower
temperatures exhibit highexr specific smuxrfage ares, poorer orystallinity
and greateyr sinterability but suffer from the draw back of pyrophoricity
and poor compactzbility. In this work, U02 powders wers prepared from
ADU by reduction at 500°C and flash-heated at temperatures from 900°C t..
1400°0 for short durations. The best results were obtained at flache
heating temperatures in the range 300°C to 1000°C for 1 minute. It is
observed that by flash~heating, (1) the powder density as weight per
wnit volume increases, (1i) tha surface erea decreaseos (111) surface
oxidntion at room temperature ie minimised (the D.T.& oxidation profile
showe a gradual increase in temporature of U307 formetion with the
increass in tempsrature and tims of flesh-heating) (iv) the poor
crystallinity of the original powders is retained as revealed by Xergy
diffraction patterns, (v) the sdnterability is preserved and {vi) the
compacting bchaviowr ie improved. It 1s also obnerved that by fleshe
heating, the optinum esintering temperature renge is widened which is a
very beneficial fector in sintering the pellets in a production acale,
ap the rejections dur to overfiring or wderfirine become less,
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Studies on electrical conductiviiy of sintered 002
(P.K.Agnihotri and P.V. George)

As minor additions ere kmown to influence the sintering
behaviour of U0,y & wider range of additions consisting of both metal
and metal oxides was chosen and incorporated in UD2 derived fxom ADU
at 600°C in emounts fram 0,01 to Ot wi¥. These consisted of fine
powiers of Ta, 2r, Ti, ko, Al, Cr and !b205 aad T:LOz. The cold-pressed
compacts of 002 with thoe respective additions were sintered in hydrogen
atmosphere at 1500°C for 2 hours. The sintered densities and eleotrioal
condustivity values of all the specimens weore detm:!.nod; It wan
cbaorysd thas the condustivity was sigrificantly influencod to different
extents with different additions, Addiiions swh as Tiy Ta, 710, ®d
lb205 caused a substantisl deoreass in conductivily vhereas a significent
inoreoase was oboerved in the case of Ur additions. Tho distridbution of
the minor additicns in the structure « whether it is uniform or
segregated sround the grain boumdaries = is boing investigated by
Eleotron ¥Microprobs anslysis to evaluate the mechanism by whioh the
conduotivity is influenced.

The irfluonce of non-stoichiometry on the electrical conduotivity
of sintered W, is belng investigateds For tilsy 92K 2.D. W, pellete
were first fabrioated from the 600°C reduced 002 powders from ADU by
sintering at 1500°C for 2 hras These ware then refired at 1400°0
for 1 hour in different atmospheres as purified hydrogen, mixture of
argon and hydrogen, argon, mixtwre.of argon and air, and in vecwmm,

10 oreate different exients of nonstolchiometry. Representative samples
of refired pellets are being enalysed for 0/U ratios mnd the photo mioro-
graphs of the corresponding sintered spoimens were taken, The
eleoctrical oonduotivity values of the sauples refired in different
atmosphieres Were delernmined sud the valuss obiained ranged from 5.7 2. 10.5
to 449 x 1077, These are being correlated with O/U ratios snd
strustural changes.
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4.1.2, Sintering studies on Beryllia.
(R,Bhat)

The influence of minor additions on the sintering behaviowr
of bexryllia was investigated. To the hydroxide derived Be0 powder,
additions of Ng0, Ti0, and 30203 wers incorporated ssparately in amounta
ranging from O.1 to 1 wt%. Fe203 was found to be most effective in
promoting densification and further in v acuum sinterings &t 1500°C,
1t was observed that i% cen ba substentieldly eleminated from the systerr.
Pellets with 1 wtf Fe 0, cintered to a density of 94% theoretical at
1400°C for 2 hours in sir, Buch psllets were tsken and re=sintered at
1475°C in vacmum for sosking periods varied fyem 1 to 32 brese By
resintering, the density was found to increase to 98% theoretical.
Chemical enalysis of such pellote revealed that the origlmal 1 wid
Pe0, content decrearsd to 0.5% at the end of 1 hour sosking and in
the next 15 hre. of soaking, the amount decreased to 0.5 wtf, When
the BeO pellets with the 1 wt® Fe,0, were direotly sintered at 1500°0
in vaowm for different soaking periocda, it was observed that with
1 hr soaking, the .'!'0203 goatent deoreased $0 0437 wib, and further
t0 0.06 wt#¥ at the and of 16 hro soaking, The evaporation of irom
oxide was found to depemd upon the arder of vacwm, tampsrature,
soaking time and the eise of the oompact,

The decomposition behaviour of some of the berylliwm
compounds such as beryllium sulphate and hydroxide was studied by TGA
end DIA methods in vacuum and ajr at temperatures upto 1000°0, Adr
oalotnstion of Bo(o}{)2 showed a progresaive loss of weight right from
room tempsrature anwards indicating loss of essociated water, The
decomposition started at 180°0C and was complete at 295°C., Purther
loss of weight ohserved between 700° to 900°C was attributed to the
decomposition of residuval sulphate preseat (as the hydroxide had
been prepared by preocipitation with enmonia from beryllium sulphate
solution.) In & vacwm of 1.5 x 10~ Torr, the decomposition was
found to shift to & lower temperature range of 105°C to 225°C,
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Bexyllium sulphate was observed t0 lose water from room
temperature orwards upto 225°C, where all the four moleoules of water
of orystalisation wers removed. The decompomition of thim salt
started at TOO°C and was complete at 890°C. In the ocase of vaouum,
the decomposition was completed at 825°C, Both the compounds of
hydroxide and sulphats showed endothermio peska in DTA at the stages
of water moleculs removal and decomposition.

X-rgy diffraction studies were oarﬁed out to determine
the oryatallite size and growth in cass of pure Be0 powders as
well as those with 1 wif addition of Mgy, Ti0, and Fe 0, waen
oaloined st 900°, 1000° and 1100°C, It was obmerved that the
orystallits growth is more sdguificantly influenced by the presence
of Mg0 as a minor mdditiom. 4Also, the influence of minor addition
on the orystallito growth was mv  asignificant in the 900°C calcined
powders and as the calcinstion { sperature inoreased, the difference
decreased except in the oase of g0 addition,

4.1.3 Btudies an boron carbide
(B.De Zopa)

Studies on the development of high density boron carbide
which is consldersd for use as control rod material for FBTR and
R-5 Reactors aro being carried oute In these studies, the oold
rressing end eintering of boron carbide powder as mch and with
additives such as aluminium, alumina, silica and copper (in smowmts
of 1 to 5 wif) was tried oute Both boron carbide powder prepared
in the Division by carbothermic reduction and sn imported sample
of the oarbide powder (E.Merck) wore used in these investigations.
It was found that by vacuun sintering at temperatures upto even
as high ag 2100°C the deneities attained were not more than 79% T.D.
Yhen hot-pressings were oarrisd out, 1t was found that in pressings
st temperstures upto 1600°0, no densifiocation had ocourred, Hot
prossings at higher temperatures will be oarried out when the
unit becomes avallable £(r this work,
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4104 Studies on mechanism of sintering
(c.E. Prasad)

The stuiiee on the cxystallinity sud sintering behaviour
of magneaia powders from hydroxide anl. oxzalate were continued using
X-ray and electron microscopy. Xe«ray diffrestion analyais revealed
that when the hydroxide is caloined at 400°C, the powder is
enorphous and orystallinity is gradwally developed as the oalcinetion
temperature is incxreased, In the case of oxalate, the oxlde derived
even at 400°C was found to be cxystalline.

Cold oompacted pellets of Mgl derived from hydrozide aud
oxalate by caleination at 800°C were sintered at temperatures from
900° to 1400°G. For comparison, psllete from fused mognesia powders
weré aleo sintered slong with the above, It was noticed that in the
cage of samples from hydroxide powders, shrinkage started right from
1000°C ormmards, whereas those from oxalats started showing shrinkage
only ‘at 1300°C. Semples £rom fused magriesia however, choved mo
shrinkegs in this temperature range.

The topographioal features of all those sintered pellots were
otudied under the scanning electron nicroscope, The results chowed
that the mucleation and grain developmont started from 1100°C in the
oase of samples from hydroxide and at 1300°C in the case of those from
cxelate. These results substentiate the earlier findings that material
noveaent and sintering is faster in the case of amorphous powders
ocmpared to thope that are more orystalline,

4,2 ‘STUDIES: ON REFRACTORY CERAMIC MATERIALS
442,1, Btudies on LL‘,O,

(8.x. BRoy)

Studies on the development of high alumine ceramics were contimied.
The programxa ocnsisted of duveloping sintered compositions suiteble fon
certain refractory and elsctrical applications. These ocapositions
have alpha~-alumina or oorundum as the prinoipal orystalline phase and
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are bonded by a limited quantity of alkaline-earth alumino-silicate
glassy phases The alkaline-sarth materiale chorer were carbonates
of magnesium end caleiume The alumina content of the compositions
wder study is in the range of 92 to 96,0 per cent by weight,

Such compositions get eintered in the presence of a liquid
phase inder non-equilibrdum conditions and therefore the ligquid phase
exercises considerable influence on the properties =nd behaviour of
the sintered product. The distribution and interactions of the
orystalline and the ligquid phases in relation to the nature and
amount of the liquid phase were studied using model aystems, One
such system consisted of alpha-alumine and magnesium fluoride as
the component materials, 4 series of sinterings in air were conducted.
Mjicrostructural eveluations are being carried out.

442,24 Studies on M0
(c.M.Pathak)

The studies on the influence of the morphology of magnesia
ponrders on the sintering behaviour were continmued. It is generally
considered that the morrhology of the pores in green pellets depemds
to a large extent on the morphology and pacrticle size of the powders
useds In these studies megnesia powders of differing morphology were
prepared by caleination of parent compounds ae magnesium hydroxide,
carbonate and tsunates These were cold-pressed and the relative
difference in the initial morphology of the pores in the gompacts
and theroon the progressive changes in the pore morphology during
the sarlier stages of sirtering are being investigated by scauning
electron microscopye

4¢2.3+ The development of A.‘l.203 ®nd ¥gO Ceramics for MID
(s.X. Roy end O.M. Pathak)

A development progranme has been underteken of refractories
required for the comstruotion of an experimental twanel module for
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the proposed MID studies by the MID group. The refractory sidw walls
are also required to be electrically insulating.

In view of the extremely high temperatures involved, ceramio
pateriale are considered most suiteble. Out of these, alumina apd
ma@eain are idontified and these ere required to be fabricated to
certain given géowetrica‘l shapes and sintered at high temperatures
around 1600° to 1700°C. Alumins and megnesia porders derived by
lon; temperature calcination of sxd.t;x‘nie parent compounds, no doubt
A yield highly sinterable powders bubt they would pose a problem of
-excessive shweinkage during sintering. Hence, it wap thought
dauﬁahle'to bape thesa bodies on fuszd alumina and fused magnesia as
| the storting materials. Also in the casc of mignesia, fused magnesia
cleninetes the problem of hydration during slip casting. Trial
bodies have been compounded in *hich different amounts of active
(1lower temperature ca.lcined)_ oxides are added to the fused oxides
t0 exhance the sinterability and at the same time to keep the
srinkages withis reasonable limits, Trial samples heving shapes
sinilar to the final shapes that are raquired were made by alip
casliing as Well as tamping methods, These were dried and biscuit
fired emd finished. The finishod pieces are being refired to &
temperature of 1600°C in the gas fired furnmace. The ultimate
shrinkage values by firing at 1600°C are teken as the basis for
maldng tae final moulds to fabricate the regular pleces required,
Thie work is in orogress.

4.2.4, Studios on the development of Mullite bodies
(Pranab Das and A.K. Kulkerni)

In the programma on the development of imporvious mullite
bodles, the rolation beiween calecinstion treatments and foﬁntion
of millite in olay-clumina mixtures has been ntudied. The influence
of repeated calcination and grinding of mixtures calcined at
tomperatures from 1200°C = 1500°C for # hour to 4 howrs duration
was investigated to find out the conditions under which the
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formtion of mullite phase is enhaxced. Minor additions of uchB were
made in some of the trials. It was found that mixtures repeatedly
calcined at 1500°C and ground attained bulk densities over 95% T.D.
when sintered at 1500°C. It is found that for Mg0 to act as an aid
in attaining imperviousness, the addition of 163(203 to the batch is
required to dbe made upto 2.5 wth. However, waen the batches with
such addition are given a higher caleination treatment (1400° to
1500°C/8 hrs) and eintered at & higher temperature of 1500°C,
bloating coccured in the pellets with a decrease in bulk densitye.
¥hen the sintering temperature is kept at 1400°C with 8 hours
soaking, densities of the order of 95% could be attained, X-ray
diffraction studies revealed that Mgl not only aides densification,
but also enhances the amount of formation of mullite phase.

4.,2,5 Siudies on stabilisation of Zirconia
(P.Y. Dalvi)

Detajled investigations have been oarried cut = using Xeray
diffraction techniques = to study the influence of amount of Cal
addition and caleination temperature on the per centage conversion
of zirconia from the monoclinic phase to the cubic phase. With
0.2 wt% Cad addition and celcimtsion at 1600°C, the oubic phase
formed amounted to 6%4. With 0.5 o 0.75 wi¥ Cad, =d oalcination
at 1200°C, the cauversion was 6-9%, and at 1600°C the conversion
was 7-11%, With 5 wt Ca0 addition, oonversion to the extent of
125 was achieved at 1000°C, which increased to 94% at 120000, 98t at
1400°C and 100% at 1600°C.

442,6 Development of Alumine catalyet carriers
(G.T. Kemat)

Studies on the dsvelopment of high surface area porous
gpheres of alumina to serve as catalyst carriers for the ignition
of liquid propemnta(hydrazme},aa required in the space programme
were continued., Trial samples developed in the earlier work, based
on alumina derived fram aluminium hydroxide were tested and found
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to conform to the specifications, except that they showed delayed
ignition. In view of thie, an altermative method has been developed
in whioh ammoniunm alum wes tsken and decomposed at 1000°G yielding
alumina having specific surfase srea as high as 350 n/gn. To this,
30 wtd .‘J.(OH)3 wes added intimately mixed, pelletised end eintered et
1200°C for 1 hours The eintered pellets were found to have an opsa
poroslty of 556 and a specific surface area of sbout 250 m 2 /gn ana
-theredy would mest the spscifications. These are under evaluation
for their mition per:ormance. -

v 4.2.? Developmant of high slumina eubstrates
(D.D. Upadhysya and A.X. Kulkarni)

Thie original high alumina (95%) batoh containing 90 parts
-china olay, 10 paris alumina amd 2,5 perts lgcoz‘ ainters to
imperviousness at 1500°C, whereas at 1400°C a prolonged soaking
period is required to achleve the same result, As it is intended
to kXeop the sintering temperature at less than 1500°C, various
additions to the batch composition were tried to improve sinterability.
hen 710, is incorporated to the extent of 2 wif on the total batch,
izpervicumess could be attained at 1400°C with 8 hours soaking. The
observation on the other edditions tried as steatite (3Mg0.4510,.4H,0),
CaF,,y InicO’ was that they could not influence to the extent T10, could.
As there are applications for which even 907 alumina substrates are
adequate, trials were carried out on devolopmg this body. A batoh
ooupo:itzon cantaining 90 parts Alumina, 10 pu-tl Eyrophyllite
(4, 3“8102'52”’ 2,5 parte ¥gC0, and 2 % T10, was found to
sinter to impervioumess at 1400°C/8 hours with & mmaooth murface,

43¢  ELECTRICAL CERAMIC MATERTALS
4:301 Btudies on Ni-Zn-Rerrites
(Ram Prasad)

Hysteresis studies were oonducted on ferrite ssaples of
no.slno._’ha% composition. These samples were prepared unler
different sintering conditicas anl had varying initisl permesbilities
ranging from 360 to 2050, The tests were oonducted &t room tempersture
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and also &t lower temperatures down to 4,2°K. It was observed that
the ooercive force gradually deorsased from 4.5 Oe (for sample with
initial permeability i = 360) to 0.3 Oe (for sample with Ad = 2050)
as the permeability increaseds The relative remanence also decreased
from 0,5 to 0,33 in the saune range. 4s the temperature was decreased,
an inorease in relative remanence and coercive force was observed.

At =196°C, the low permeability sample (jM1i = 360) ehowed a coercive
foras of 9.8 Os as compared to 1.5 Oe for high permeability sample
(}li = 2050), The changes observed in relative remansuce and coercive
force valuss with temperature indicate a predominantly single domain
behaviour in the low permeability range and & possibility of
superparamsgnetic behaviour in the case of sample with high permeability,

4.3.2 Stulies on Barrium Titanate.
(X. Thiegarajan)

Extensive studies were carried out on barium titanate prepared
by the direct calcination of the paremt compound barium titanyl
tetrahydrate. These investigations whioch essentially were aiwed at
correlating microstructure and dieleotric properties involved (1) the
hot=pressing of barium titanate, (11) the effeot for exterml D.C. biss
field to arrest some of the induced polarisations in the direction of the
fiela, (111) the temperature variation of dieleotric properties to study
the phase transformation from tetragonal to oubic and (iv) high mngle
x-ray diffraction to evaluate internal stresases dus to insomplete phase
transformation., From these studies it could be concluded that the grain
boundary has & predominant effect om dieleotric properties when the muface
to volume (of the grain) ratio is very high.

Aode CERAMIC FABRICAT ION
{B.D. Zope)

Por the fadbrication of beryllia cruocibles based on the
development work earlier carried out, a beryllia lab for slip-ocasting,
pPreasing and sintering operations is bsing exolusively set up,

The Ceramics Section has also deen fabricating and supplying
refractory items as ocrucibles, boats sto., to different users in BARGC,
including Calcium Fluoride oruoibles for the Plutonjum Plant,
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