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The Metal lurgy B i n s i on has been engaged I n major programmes on

( l ) flow-sheet development for the production of rare metal s, alloys and
special materials .of Interest to the nuclear programne, electronics and
other Industry, ( i l ) physical and mechanical metallurgy of sirconlum and
titanium alloys, ( i l l ) Inter-metallic diffusion and radiation damage
studies, (iv) fine particle technology and ponder metallurgy, (T) derelop-
ment of nuclear ceramic materials, high alumina compositions and electri-
cal ceramics, (id) corrosion behaviour oil zirconium alloys in high tempera-
ture water and selected alloys in sea water systems, and (vi i) electro-
winning and electro-deposition of metnle.

Good progress was maintained during the year on process develop*
•ent relating to a variety of strategic materials including titanium,
niobium, tantalum, boron, beryllium, and their alloys* In the Titanium
Hlot Plant programme, a major achierement was the commissioning of the
300 na dia fluldised bed chlorinator - incorporating internal heating
through combust!ax of coke - for the production of UC1> at a rate better
than 20 kg/hour. (Total production In several campaigns has amounted to
about 16 tonnes of W.C1*). Jbr the electrolytic production of titanium
metal from HOI., employing an alkali chloride fused salt bath, an inter-
nally heated, refractory-lined 1000 amp. electrolytic cel l has bean
assembled and successfully tested. Laboratory scale experiments hare
been successfully carried out on the reclamation of droaloy and titanium
metal scrap by fused salt eleCtro-refining. How-sheets hare been deve-
loped for the preparation of boron-carbide, alumlniua-35# boron carbide
(boral) sheets to be used as thermal neutron shield, and alusdnlum-eojf
boron carbide hollow cylindrical composites as possible shut off rod
material for the B-5 reactor. Programmes on the preparation of copper-clad
Hb-Tl wires for super-conduotlng application and of Cu-Be alloys ( from



(ii)

Indian beryl) for the electrical and electronic Industry hare been conti-
nued • The preparation of beryllium metal shapes by hot pressing of bery-
llium powder i s under investigation.

A new Transmission Electron JU.croecope(capable of 3A resolution
at 300,000 magnification) and a Seanning Electron Microscope (capable of
100A resolution and a maximum magnification of 240,000) were Installed and
commissioned during the year* The Transmission Microscope i s being used
for studying phase transformations and precipitation phenomena in elrco-
nium, titanium ana tantalum systems, and the Scanning Electron Microscope
for studies on failure analysis of power plant components, and fractured
airoaloy tubes etc* and characterisation of fine metal powders. Progra-
mmes on internal frlotlon measurements in elroonium base alloys to esta-
blish interstit ial substitutions! solute interaction, and inter-diffusion
studies i n various metal systems using the electron mlcroprobe have been
oontinued. Detailed studies hare been undertaken with drcaloy-2 to
correlate i t s tbermo-meohanloal treatment with the final grain structure
and mechanical properties* In the context of the development of Zr-Hb
alloys, a consumable electrode arc furnace assembly, with electrode feed
and power control i s under commissioning* A freeze drying unit has been
designed and commissioned for the preparation of ultraflne particles of
metal compounds for further oonrerslon to fine metal powders required in
the preparation of porous metal components of controlled porosity* 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
drooniuc base alloys in high temperature water and steam has been stu-
died MO compared with that of &Lrcaloy-2. A programme has been in i t ia -
ted to study in detail the stress corrosion cracking behaviour of alrea-*
loy fuel tubing* Extensive corrosion testing has been carried out with
aluminium base alloys, copper-base alloys, oupro-niokels, stainless steel
and cast iron i n saline media in order to select materials for serrtoe
in desalination plants and sea water cooling systems* In the electro-
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metallurgy programae, work i s la progress oa the preparation of indivi-
dual rare earth metals and cobalt rare earth magnet alloys by fused
ealt electrolysis and on the electro-deposition of copper-alumina,
nickel-alumina and nickel-tltenia composites.

A comprehenslTe Investigation has been undertaken to establish
a reliable and reproducible correlation between uranium oxide powder
production practice, powder characteristics and sinteriqg behaviour*
This programme would also include a critical assessment of the influ-
ence of morphology, crystallinity and surface activity of the TO. powder
on i t s sintering behaviour* ?laah-heating of 00- powders and dendfica-
tion of sintered UO. pellets on reflring at higher temperature are other
aspects under study*

It has been possible to prepare and fabricate high purity
single phase barium titanate compacts of very high dielectric constant
and low dissipation factor, starting with barium titanate powder obtain-
ed from barium titanyl oxalate. Development prognoses on high density
high alumina bodies and Impervious mulllte for industrial applications,
and basic research programmes on the sintering behaviour of magnesium
oxide nnd beryllium oxide hare been continued*

C.V. Sundaram
Head, Metallurgy H. vial on



1 . EXTRACTIVE METALLURGY

Good progress mas maintained during the year on process develop-

ment programmes - on beach sca le and p i l o t plant s ca l e - for various

s t r a t e g i c mater ia l s . Major programme hare re la ted to beryllium and

copper-beryl l lua, niobium-based superconducting a l loys* boron carbide

and e l e c t r o l y t i c titanium* Special emphasis has been l a i d on meta l l o -

thermic and carbo-thennie reduction, vacuum metallurgy, and fused s a l t

e l e c t r o l y s i s * Basic research on metal lurgical themr 4beaLstry has been

continued and expanded*

1.1 INDUSTRIAL PBOJBCTS

1.1.1 Titanium Pi lo t r iant

The Titanium P i l o t Plant (7*5 tonnes/year of Ti-sponge) a t the

Huclear Fuel Complex (SVC), Hyderabad was i n Tegular operation during the

year .

In the f lu ld ieed bed cblorlnatton of rut i le-carbon mixtures, I t

has been found that i f instead of e l e c t r i o a l heating the bed i s heated

by the in terna l combustion of coke with oxygen, the operation becomes

much more smooth and t roub le - f ree . A larger chlorlnator (300 am d ia )

heated i n t e r n a l l y «ri.th coke-oxygen has been succes s fu l ly designed and

operated to produce T1C1. a t the rate of 450 k g s / W a . In t h i s c h l o r i -

c a t o r with a bed height of 650 mm ( p a r t i c l e e l s e 100 micron), when the

clilort nation has been carried out at 9OO-1O5O°C, the chlorine u t i l i s a t i o n

and rufclle u t i l i s a t i o n e f f i c i e n c i e s have been found to be of the order of

80-90)6 and 90-95^ r e s p e c t i v e l y . A t o t a l of 16 tonnes of TiCl. was pro-

duced i n several campaigns*

In the production of t i tanium metal by the magnesium reduction

of T iCl . , the system has been su i tab ly modified for e f f e c t i v e tapping of

by-product magnesium ch lor ide , from the metal produced i n the p i l o t

plant , supplies have been made t o various organisations i n the country*
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1 .1.2 Berylllu* Alloy and Metal Plant

Based on specific requirements of b<*rylllua metal and oopper-

berylliua alloy indicated by the Departments of Space and Electron! ost
a revised project report for the setting up of a Beryllium Alloy and

Metal Plant (10 Z/year of Cu~2£ Be alloy and 250 kg/year of hot pressed

berylllua metal) has been prepared. Ihe capital outlay for the proposed

plant has been estimated at Ss.54.4 lakhs (F.E. component of only

Bs.4.47 lakhs).

1.1.3 m obi ua Hunt

A revised project report for the se t t ing up of « BXobluB Plant
(3 T/yesr) as an annexe t o the Special Materials Hant , CTC, Hyderabad
has been prepared. The capital outlay I s estimated at Bs.36.2S lakhs
(?.E. component ot only Bs.3*53 lakhs) .

1 .2 HOOTCTIDN AND MBBIOATIOW OF BOROH CARBIDB
(O.K. Oupta, D.K. 6ose t A.K. Suri, P.T.S. P i l ]a l
and K.U. Hair)

Natural boron and i t s compounds by v ir tue of the ir B content
(18.$6 of t o t a l boron) find application as neutron shie lds (neutron
absorption orcsa seotLon <f~ » 750 b a n s ) and control rods i n nuclear
reactors and nuclear device*• Aaongst the various boron coapounds boron
earH.de (B/3 - 78.3^ boron) I s the s»s t suitable neutron abnorber aa.tc-
r i a l , considering both layer thickness and o o s t . The carbide i s not
only cheaper than elemental boron by several orders of •agnltuds but
I t has higher temperature and abrasion resistance and ohealoal Inertness
and excel lent radiation s t a b i l i t y .

A preliminary survey at Troabay has Indicated a def in i te
deaand for boron carbide conpects and boral (a ceraet ooaposed of B-C
and Al) l a nuolear reactor
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1.2*1 Oarbothemdo Seduction Process for Boron Carbide
Production

Investigations on the production of B.C powder have been conti-
nued and the optimum conditions and procedure for the oarbethenda reduc-
tion of boric oxide In an induction furnace hare been established* In a
typical run 575 g of anhydrous B-O- (dried under raeuusi at 150*0) has
been reacted with 300 g of activated charcoal in a graphite crucible la
an induction furnace at a temperature above 2000*0 (power level of
U.5 KW) for about 4 bra- About 160 g of boron carbide/batch at a reco-
very of eo% could be prepared by this method* A ainor addition of K.00-
aa a catalyst (5$ by wt. of the charge) helps In bringing down Hie
reaction time to 2 hrs aid inproves the carbide yield by about 10#.

1.2*2 Production of Boron Carbide by HagnesiothemLc
Reduction of BgO- in Presence of Carbon

Development work on the production of B.C by magnesiotheraio
reduction has also been undertaken besides regular production by carbo-
thennlo reduction* A number of experiments with change composing of
BgO-, Kg, carbon and NaCVtajgO (as heat diluent) have been carried out
with and without the addition of catalyst (potassium sulphate). In the
presence of the catalyst the reaction takes place at around 680*C,
otherwise a temperature of as high ae 900*C i s required* The reacted
mass Is leached with water and then with 60j( HLSO. to remove MgO, un-
reaoted &0, and Hg. The product has been found to be predominantly
B.C on X-ray analysis. ,

1.2*3 Jabricatl on of Boral Sheets and Boron-carbide - aluminium
Hollow Cylindrical Compacts

Boral, a dispersion of B.O In aluminium, i s a well establish-
ed thermal neutron shield material* The process for the production of
boral (35 wt % B^C, balance Al) in the finished sheet form has been
standardised in the laboratory* She procedure Involves the following
three steps t ( l ) preparation of boral east, ( l l ) picture framing
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and oladding of the cast with aluminium and ( i i i ) hot rolling of the
clodded cast. In the preparation of boral cast, preoxldieed B.C (at
900*0 for 1 hr.) I s intlBately nixed with alumni ua powder ( -100
•200 mesh) and charged directly in a graphite mould (150 x 200 x 3& MI)
and heated in a pit furnace* and at 700*0 the charge i s mixed In a
paddle type mixer. Wettabillty of aluminium under this condition la
satisfactory and after 15 minutes of mixing i t has been possible to
obtain a homogeneous pasty mass* finally the top surface of the oast
Is pressed with a mandrel to obtain 150 x 200 x 25 m boral slab. The
cast i s then picture framed with 6 mm thick aluminiua plate and then
cladded with 3 em thick aluminium sheet. The assembly was heated to
610*0, soaked for an hour and then rolled allowing 10# reduction per
pass. Immediate soaking after almost «r«rf pass was neoessary to
maintain the working temperature at about 600°0. Hot rolled sheet
(6 - 10 jsh) fabricated by this procedure has good surface finish and
bonding between "the aluminium cladding and the boral sandwich.

Investigations were carried out on the preparation of alumi-
nium bonded bollow cylindrical bozon carbide (B.c) shapes for possible
use as sheet rod in research and power reactors. Both cold compacting
and sintering and hot pressing technique hare been examined for the
fabrication of 62 mm 0.3. , 46 mm I.D., 20-22 mm height hollow cylin-
drical ring containing 80$ B.C and 2 0% Al. Product obtained by hot
pressing was found to be superior in surface finish and density. In
the not pressing technique, tho influence of experiaental parameters
such as temperature (600-780*C), compacting pressure (1000-1700 psi)
and time (15-60 mln) on quality of the sintered produot has bean
investigated. Hot pressing *t a temperature of 680*C and 1700 psi
pressure tor 45 tAo- appeared to be optinua for fabricating rings of
the dimension mentioned above.
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1 .3 SOPEH-CONWJCraNG AIIOYS
(D.K. Boee, C. Narayanan and C.K. Gupta)

1*3*1 fabrication of Nb-Tl Super-conducting Alloys

Amongst a l l superconducting a l loys , Nb-M. has assumed greatest
commercial importance oii.Bg to i t s easy fabricate!, l i t y , low cost and superior
e l e c t r i c a l properties (current carrying capacity 10 A/cm at 120 KG). A
programme i n i t i a t e d ear l ier i n the Section to generate know-tew on the pre-
paration and fabrication of Hb-Ti superconductors has been continued during
the year* Tbe procedure for the preparation of Hb-4O-50j£ XL al loy constate
of the following steps t ( i ) e lectron beam melting of nuclear grade Kb add
high purity I I , ( i i ) homogentsatlon of the cast at 15OO#C for 2-5 h r s . ,
( i l l ) £ -quenching ( for 800*0 ) of the sample, ( i v ) ro l l ing i n a 20 stage
groored ro l l ing mi l l to 1.2 m dia wire rod. ( T ) intermediate annealing at
1000"C for 2 hrs . under vaouum, (v i ) progressive drawing through tungsten
carbide dies to 0 .5 m ff wire, and ( r l i ) cleaning, pickling and encapsula-
t i o n i n a s i l i c a tubs, and f inal heat treatment at 350°C for 1 hr followed
by water quenching. An evaluation t e s t performed on the wire (0.5 •> flO
indicated that the wire can carry currents of 48 A, 43 A and 20 A, at
4.2°K« under magnetic f i e l d s of 7*5 KOe, 12 KOe and 24 KOe respect ive ly .

1.3*2 Preparation of Nb-Zr and Nb-Tl Alloys by
Co-reduction of the Ketal Oxides

A programs has been i .Utlatad on the production of Nb-Zr and
Ib-H. a l loy powders by Co-reduction of nixed oxides with calcium hydride*
The process i s quite a t tract ive as by th i s i t i s possible t o produce a
homogeneous a l loy powder suitable for making superconducting material* In
addition Ib-50# Zr a l loy powder which can be produced by t h i s method can
be used as a master a l loy for subsequent d i lut ion to Zr-2.5# Ho.

Tbe procedure adopted for the preparation of the a l loy powder
involved ( l ) reduction of mixed oxides with CaH «t 1000-1150eC under
vacuum, ( i i ) acid leaching of the reacted mass t o I s o l a t e a l loy powder
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fro* Oa and CaO, ( i i i ) vacuum drying of the product, ( lr) vacuum sintering

of the powder compaot at 12OO-165O°C to remove rolatl le impurities, (v)

are or electron been melting of sintered product* The Nb-505? Zr alloy

prepared by this method indicated a button hardness of as low as 408 VTB

as against 330 VPH for similar alloy prepared by direct melting* Further

work on achieving higher purities by careful control of process parameters

i s in progress.

t U ZIRCONIUM/HAFNIUM TECHNOLOGY

1 .4 .1 Soda Ash S in ter ing of Zircon

( T . S . Krishnan, J.M. Juneja and P.R. Menon)

The development of m a l t e r n a t e route f o r the economic produc-

t i o n of commercial grade ZrO_ s t a r t i n g from Indian z i r c o n , i n v o l v i n g p r e -

ferential solubilication of s i l ica by lime stone/dolomite sintering of the
ore followed by aqueous processing has been studied and the results repor-
ted earlier. The process i s being examined for i t s suitability for commer-
cial exploitation.

The lime sintering process as described abore, though found sui-
table for production of commercial grade ZrOg, cannot however be employed
for the preparation of zirconium compounds and for high purity zirconium
oxide. Alkali fusion i s widely employed for the opening up of drcon at
present and In this process both zirconia aid s i l ica values in zircon are
eolubilised. In view of this, the raw material and operational costs art
substantially high reflecting ultimately in the cost of the oxide and the
compound produced by this method. H ft D work was therefore initiated to
examine the possibility of substituting caustic soda by soda ash in the
charge. Experiments hare been carried out using -325 mesh zircon with
different proportions of sodlua carbonate and i t has been observed that
when a charge containing cLrcon and sodium carbonate in the aole ratio
i t 1.1 i s sintered at 1050°0 for 1 hr and subsequently leached with add
an oxide having a purity of better than 99.5/< i s obtained at a recovery of
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about 90%. The major attraction of this process l i e s in the selectivity
of the reaction between zircon and sodium carbonate when the carbonate i s
present upto a certain proportion. During sintering the oarbonate react*
preferentially with zirconium oxide and the unreacted s i l ica g«ts separa-
ted in the course of acid leaching. Zirconium hydroxide i s then precipita-
ted from the acidic solution by addition ot ammonium hydroxide and finally
calcined at 800°C to obtain zirconium oxide. The selective nature of the
reaction considerably reduces the raw material requirements; thus result-
ing in a substantial reduction in the manufacturing cost.

Further work to improve the oxide recovery and also on the scale
up of operation i s in progress.

1.4.2 Reclamation of Zirconium from Scrap by Fused Salt
Electrolysis
(J .C Sehra, P. l . VIJay and I.G. Sharma)

Studies on the recovery ot zirconium from zircaloy scrap by
fused salt electrolysis have been successfully completed during the year.
The process as developed here essentially consists in the electrolysis of
zircaloy scrap (anode feed) charged at the bottom of a graphite crucible
in the cell assembly using NaCl-JCZrFg bath. The electrolytic cell consists
of a 150 ran I.D. inconel retort with a receiver lock at the top and fac i l i -
t i as tor evacuation, argon purging and cathode placement. A slide valve
Isolates the cathode chamber from the anode* A graphite crucible placed
inside the retort serves both as anode and anode feed container. A molyb-
denum strip attached to a stainless steel rod forms the cathode.

The system i s f irst evacuated and after ensuring leak tightness
i s back filled with argon and heated to the desired temperature. Pre-
electrolysis i s then carried out at a lower current density -to remove
moisture and other wdesirable Impurities prior to electrodeposition of
Blrconium. The influence of parameters such as percentage of soluble
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siroonium in the bath, (2, 5, 10, 12.5 and 15/0 temperature of electroly-
sis - 800, 850, 900 and ?'0«C - ana current denaity (15.6, 21.*, 25.8,
32*2 and 43*0 Am/dm ) on the yield and purity of the metal has been
studied. Vnier the optimised conditions eireonlum could be deposited at
a current efficiency of 10% at a c.c.d. of 25*8 Amp/dm at 850*C from a
bath containing 10 wt# soluble zirconium. The metal when arc melted has
given a button hardness of 140-160 BHR compared to 330 BHN for the scrap.

1.4.3 Graphite lubrication on Ziroaloy Tubing
(O.K. 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 to 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 i s achieved by giving a thin graphite coat
of about 10 micron thickness by contacting with Foliac-20 for about
2 minutes. The tube i s then air dried for 24 hrs. and hardened by vacuum
baking at 300°C for 2 hrs. Evaluation ot the graphite film for i t s
adherence i s in progress.

1.4 «4 ELectrowinning of Hafnium Metal
(j.C. Sehra, P.L. ViJay and X*Q* Sharraa)

Work on the direct electro-winning of hafnium metal by fused
salt electrolysis of HfCX was continued during the year* ka. inconel
electrolytic cell (203 am I.D», 800 BIB length and 6 am wall thickness)
with properly separated anode and 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 a receiver lock which helps in the removal of electrodepositsd
metal and insertion of a fresh cathode.
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1 .5 TITANIUM DEVEIOPMENT PROGRAMME

(H.S . AhJ.uwaj.ia* A .F . Kulkarnl* Ch. Srldhar Rao A C.V. Sundaran)

Of the t h r e e major methods f o r the product ion o f t i t a n i u m metal

namely (1 ) magnesium r e d u c t i o n of T i C l . , (2 ) sodium s e d u c t i o n o f T1C1. .

and (3) fused salt electrolysis of TiCl., the first two have already besn
standardised and are succeasfully being employed in the Titanium Hlot
Slant at NFC, Hyderabad* The electrolytic route i s be og investigated at
Trombay. During the year, the developmental work on the fused salt elec-
trolysis of TiCl. was continued*

1.5*1 Chlorinatton of Rutlle

(Ch. Sridhar Rao and ~S.li. Vljay)

Detailed Investigations have been carried out on the chlorinatlon
of rutlle and the influence of various parameters such as temperature,
particle else of rutlle. coke-rutile ratio and bed height on chlorlnation
rate and ohlozlne utilisation efficiency has been studied. It has been
observed that while the chlorinatlon rate depends on the rutlle partiole
else. chlorlnatLon temperature and coke-rutile ratio, the chlorine ut i l i sa-
tion i s directly proportional to the bed height.

1 .5.2 Electrolysis of TiCl+

(Ch. Srldhar Rao, T.K. Mukherjee, C. Subrananian & K. Swaminathan)

The cel l assembly set up earlier for the fused salt electrolysis
of TiCl, has been suitably Modified for smooth and ef f i d ant operation.
The electrolytic cel l consists essentially of a rectangular mild steel
chamber lined with add resistant refractory bricks. Two 80 ma wide,
3 an thick and 200 mm long inconel strips have been found sore suitable
for heating the bath as compared to the coil end rod heaters used earlier*
The two rectangular graphite anodes have been found to give a better and
longer service when their thickness was increased from 50 to 100 mm. The
cathode oonslsts of a perforated nickel basket attached to an inconel tube*

(*) Nuclear Fuel Complex, Hyderabad.
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The corrosion of the cathode pipe could be nd.nlnd.oed to a large extent by
giving a cement coat over the pipe* There la an upper chamber orer the
electrolyte bath which ia Isolated with a water cooled elide valve. The
upper chamber wherein also an argon atmosphere i s maintained helps in
holding the cathode basket containing the deposit t i l l i t I s cooled to
room temperature.

The experimental procedure consists essentially of the following
steps. Oven dried KCl-NaCl (1 : 1 wt ratio) after melting in an inconel
retort i s transferred to the pre-drled cel l assembly to build a molten
salt height of about 20". The salt as such i s then subjected to a pre-
electrolysl8 for a few hours at about 3 volts and 100-250 Amps using •
mild steel plate cathode for the removal of moisture and metallic impuri-
t i e s . The electrolysis i s then carried out with the nickel basket cathode
instead of the mild steel plate cathode, feeding the TiCl. at the required
rate and adjusting the voltage and current in the range of 6-7 volte and
600-700 ampB respectively. When the oathode basket gets fi l led with thi
deposit i t i s lifted and placed in the chamber for cooling and en empty
cathode basket i s simultaneously inserted in place to continue the electro-
l y s i s . The cathode deposits after cooling to room temperature 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 i s finally sieved*
graded and packed. The coarser fraction of the electron beam melted metal
indicated a button hardness of 160 BHN. The influence of various para-
meters such as cathode current density, current to feed ratio, voltage and
temperature on the electrodeposLtton of titanium has been studied in detail
and the results are given in Table-I. A product recovery of as high as
88j$ could be achieved at a oathode current efficiency of 55/6. Further work
to Improve the efficiency of the process and the recovery and purity, of the
product i s in progress*
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TABM5 I

OTBRIaWTAl COBDTTTONS ADD RBSOI/TS ON THK FJSF5
SAW ELRCTBOMSIS 0 ? T1C1.

B a t e o f
t ic i 4

addition
kg/far

0.56

0.50

1.363

0.78

0.76

0.78

Operating
Taapera-
ture

°C

790-eoo

830-880

860

660-870

660

800-820

Voltage

TOltB

6-7

6.5-7

6,5-7

6-6.25

6.5

6.5-8

Current

Asps

700

700

650-700

650-700

700

600

c *o «d «•

ft2

4H

4U

390

414

414

360

Current/
Feed

*/mole

8.94

8.51

3.51

6.15

6.38

5.50

Current
Bffi-
denoy

*

27

31

42

46

55

60

Yield

%

59

76

37

71

88

83

1.5.3 Reclamation of Titacd.ua from Scrap
by fused Salt Electrolysis
(j.C. Schra, P.I. Vljay end 1.9. Shaiaa)

Work on the reclamation of titanitai from titanium scrap by molten
salt electrolysis has been initiated. While the cel l and the procedure
employed art essentially the same as described for the prooessing of alroo-
nlum serap, in this ease a master mix of the composition 9W.... AOl, prepar-
ed by sodium reduction of TiCl- la used as the electrolytic bath. Hie
master mix i s diluted with VaCl to correspond to 57£ soluble titanium and
the electrolysis carried out using compacted titanium scrap turnings as
anode feed with molybdenum as cathode.
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IT preliminary experiment titaniuir metal (40-45 am s i c e ) has
bean depots!, a t a c . c d . of 73 Amp/dm | the cathode current e f f i c i ency
being 62?5. T!ij metal on arc melting gave a button hardness of 100 BHflT.
further work i s i n progress .

1 .6 FREPARAHCW OF THORIUM METAL SPONOB
( j . C . Sehra, P.L. 7 i j . / and C.V. Sundaram)

Preparation of thorium metal sponge by the magneaiothendc
reduction of thorium chloride was continued. Thorium chlor ide has been
prepared by the chlorlnatton of thorium o x a l a t e . The ohlorlde a f t e r pur i -
f i c a t i o n l a reduced with magnesium to obtain thorium-magnesium a l l o y which
l a pyroracuum processed to obtain thorium metal sponge. The metal aponge
has been f i n a l l y consolidated by e lectron beam melting*

The s u i t a b i l i t y of various chlorinat ing agents such as C0-C1-,
CQlj-Cl, and CCl.-CO_ for the chlorinat ion of thorium oxalate has been
Invest igated I n d e t a i l on a soa le of 300 gms of contained Th. OGl.-Cl-
a i x t u r e has been found to be the most su i tab le chlor inat ing agent g iv ing
• conversion e f f i&enoy of 98f£ and a chlorine u t i l i s a t i o n e f f l d o a o y of
25jf. She chloride has bsen purified by sublimation In a n i c k e l assembly
a t 750-fiOO*C and 750 on pressure*

Burs TbCl. has bees reduced with magnesium (1OO£ exoess over
the stolebiometrlc requirement) i n a tsntalum orucible a t 960*0 and a t a
p o s i t i v e argon pressure of 10 cm of % to g i v e a Th-20£ Kg a l loy* After
reduct ion , the temperature i s f i n a l l y raised to 10S0*C and held for ha l f
an hour to e f f e c t slag-Metal separat ion. After cool ing to rooa tempera-
ture Th-Mg a l l o y i s removed from the tantalum cruc ib le and subjected t o a
pyrovacuum treatment at 900*0 and 0*06 micron vacuum to separate the
exoess Ng and v o l a t i l e Impurities and obtain thorium metal sponge* The
metal sponge obtained analyses 650 ppm oxygen, 53 ppa ni trogen, 180 ppm
carbon, 0#0i4jf Ve, and 0.014JC Kg, and Indicates a button hardness of
60 VTff a f t er e lec tron beam mel t ing .
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1 .7 VAMWH TBCHNOLOffY

(CK. ,upta and O.K. Uehra)

Tbt flow sheet, on the recovery of vanadium from vanadium sludge

(obtained'aa a by-product In the extraction of alumLntum by Bayer'a

process) baa been investigated i n deta i l and found aultable for commercial

exploitat ion. The raw material (vanadium sludge containing about 1£jC *9^5^

required for the inveatigatl ens baa been procured from M/a .Hindustan Alumi-

nium Corporation. Starting from the sludge the productions of calcium

vanadium complex* vanadium pentoxide, f erro-^ranadium and vanadium metal

have beea successfully demonstrated*

1.7.1 Recovery of Vanadium from Vanadium Sludge

The flow-sheet for the recovery of vanadiun from vanadium sludge

i n the form of calcium vanadium complex involves ( l ) treatment of the

•ludge with NagCO, solution at 90°C under agitat ion followed by f i l t r a t i o n

of the sodium van aflat e leach liquor, and ( i l ) precipitation of vanadium as

CaO.VgO^ by CaOl2 addition at pH 7-8 or as 4 Ca0.V20_ by lime addition at

pH-13. Vanadium recovery of as high as 95# has been achievable by t h i s

method.

The flow-sheet for the recovery of vanadium pentoxide involves

( i ) treatment of sludge at 90»C with Ha2C0, to obtain sodium vanadate so lu -

t ion and ( i i ) addition of VaCIO- to the vanadium laden solution to convert

trl-Talent vanadium to penta-valent s ta te and adjustment of pR at 2-3 ,

( i l l ) boil ing of the vanadate solution to precipitate red cake, ( lv ) r e -

dissolut ion of the red cake i n 8jg Na-OO, solut ion, (v) addition of assx>-

nium chloride to precipitate amaonlum aeta-vanadate, and (v i ) decomposition

of meta-ranadate at 400-450*0 to produce pure VgO- • Vanadium recovery by

t h i s prooedure was more than 96%.

1.7*2 Alumlnothermic reduction of VgO. to produce V, V-Al and
Ferro-vanadium

Preparative methods were standardised i n th i s laboratory for the
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production of ferro-vanadium/crude vanadium by alianinothermLo reduction

of VgOc In presence of lime. In this smelting technique Una acts as a

heat sink and also forme a low melting Blag with alumina which helps in

better «lag/metal separation. Since lime i s present in oaldust vanadate

this vanadium ealt can be used as such in aluminotherraic ma el ting.

Starting from both the di- and tetra-calcium complexes of vanadium,

process conditions have been optimised for the production of 50 i 50

grade ferro-ranadlum.

1 .8 BERYLLIUM DEVELOIWHW PROGRAMME

( C M . Pau l and G.V. SundanmO

The various steps in the flow-sheet for the production of

Be-xaetal and Cu-Be alloys have been Investigated In detail

to generate more reliable and dependable data required for the design of

a large scale production plant. Work hag also been initiated to scale

up the preparation of the metal, the metal powder and the alloys* In

this connection a larger induction furnace (25 KW) capable ot melting

about 20 kgs of the alloy has been procured, installed and i s being

commissioned. Action has also been initiated to ventilate and equip one

mora room of about 400 sq.ft . floor area mainly for the production and

handling of beryllium powder. The room will locate (i) a lathe for the

production of Be-chips from vacuum induction melted Be-ingots, ^ii) a ball

mill for further conversion of the chips to powder, ( i l l ) a classifier to

separate the coarse ponder from the -200 mesh product and (iv) faci l i t ies

such as glove boxes and special fumehoods for the handling of Be-powder.

Based on the specific requirements of Cu-Be alloy shapes by the

Department of Electronics and of Be-metal by the Department of Space* *

revised project report for a plant to produce 10 tonnes/year of Cu-2# Be

alloys and about 250 legs/year of Be-metal shapes have been prepared. The

capital outlay of the proposed plant has been estimated at Rs*54«4 lakhs

with a foreign exchange component of only Re.4.47 lakhs. Developmental

work on the large scale fabrication of Cu-2# Be alloy foi ls la various
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temper states taken up In collaboration with Vl/n Indian Smelting and
&efl*tLng Co. la in progress. Besides, limited quantities of various Cu-Be
alloy ahapaa have been produced in the laboratory and auppUad to rarloua
organiaationa in the country in reaponae to their urgent requirements.

1.8.1 Preparation of Be(Ofl)2 /BeO from Indian Beryl
(K>3. Subbaraot B.H. Rakhaala and O.K. Saul)

Work on the preparation of Be0/Be(0H)2 by the aHlcofluorlde
alnteilns of beryl followed by aqueoua leaching of the sinter and precipi-
tation of Be(OH)2 by alkali treatment of aqueoua HaJBe*. solution waa
continued. A method baa already been atandardiaed In the Section for the
oonreralOB of the Be-faluee of Indian beryl into nater aoluble Ka.BeF. by
sintering a charge containing ground beryl (-200 mesh) and sodium ailico-
fluoride and aodium carbonate (11.15 t 8.1 i 0.95) at 700*0 for 4 hrs.
Further work has shown the poaaibility of substituting aodium silioofluo-
rlde with sodium ferrio fluoiide (iron cryolite) almost to file extent of
60jC without any reduction in the extraction efficiency. The abore modifi-
cation of the process la of prime Importance In the metallurgy of bery-
llium aa this opens up a poaaibility for recycling the by-produot fluorine
values aa iron cryolite in the process. Attempts have therefore bean made
to recover fluorine from the aqueous Hal filtrate solution (generated la
the precipitation of Be(0H)2 ) l a the form of Iron cryolite by treatment
with a ferric «alt solution at a pH of 4 . the iron cryolite thus obtained
la dried and used la the sintering of beryl. By replacing about 6Qjf of
the MuBlIg l a the charge mixture with la-FeFgi when alnteringa ware
carried out at 750*0 for 2 hrs. on a scale of 300 gms of contained BeO,
the Be-reoovesiee have bean found to be of Hie order of 90-92)*.

1.8*2 Preparation of Anhydrous BeF-

(B.P. Sharoa, K«S> Subbarao, K» Uammadu and CkM. Saul)

Preparation of anhydrous Bef2 by the thermal decomposition of



- 16 -

- obtainable by the HH4HP2 treatment of B<J(OH)2 - la a difficult
atep in the flow-sheet tor the metallurgy of beryllium. Thr major diffi-
culties being ( i ) exceasire froathlng of the doable fluoride during decor-
position and ( i i ) tendency for the condensation of the decomposition by-
product (PH.?) also at places other than in the condenser resulting in
chocking of l ines.

3be inclined graphite decomposition assembly designed earlier
has been suitably Modified and i t has been possible to continuously de-
compose (ira+)2BeJ?4 to gire anhydroua Be»2 at the rate of 500 gus/hr. The
choking of the feeder line has been almost completely eliminated by proper
drying of the double fluoride and controlling i t s particle size around
12 mesh. The graphite tube decomposition assembly l a held at an angle of
30° to the horizontal and resistance heated with a split furnace to main-
tain a temperature of 950*0 at the discharge end and 75O"C at the feed
end of the tube. With this arrangement continuous decomposition of the
double fluoride has been possible and the molten BeFg which flowed down
the gradient has been cast in cold graphite moulds*

1.8.3 Preparation of Beryllium and i t s Alloys from Beryllium
Fluoride
(B.P. Shaima, S. Adhikari, M.G. Rajadhyakeha and CM. Paul)

Woric on the preparation of Cu-Be master allays by the Mg-redue-
tion of Be?2 in presence of copper at temperatures in the range of 1100-
1400°C in graphite crucible In induction furnace has been continued on a
it kg scale of the alloy and the influence of various process parameters
such as excess BePg in the charge, Be-loading in the alloy, reduction
temperature etc. studied. Dilution of the master alloys to Cu-256 Bt
alloys has also been carried out successfully on a 2-kg scale in induction
furnace. The diluted alloys hare been cast to suitable shapes and fabri-
cated to rods and folia by employing techniques like extrusion and rolling.

Investigations hare also been continued on the preparation of
Be-metal pebbles on a 50-gm scale of the metal by the Mg-reduction of BeF_.
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The influence of excess BeP. on Be-recovery has been studied in detail
and i t has tteen observed that a beryllium metal recovery of as high as
BO% could be achieved when the BeF- excess in the charge has been 40%•
The metal pebbles obtained indicated a purity of about 97#.

t .8.4 Hot Pressing of Beryllium Powder
(K.S. Subbarao, R.H. Rakhasia and CM. Paul)

Beryllium shapes directly fabricated from cast ingots by conrsn-
tional techniques are unsuitable 'or commercial applications on account of
their brittle nature and poor mechanical properties. Bowder metallurgical
techniques are therefore generally employed for the fabrication of bery-
llium shapes. Of the two most common powder metallurgical fabrication
methods raaely ( l ) cold compaction and sintering, and ( l i ) vacuum hot
pressing, the latter method i s preferred in the case of beryllium for
obtaining shapes of higher densities (almost theoretical).

A programme has therefore been initiated on the fabrication of
Be-shapes by vacuum hot pressing of Be-powder. An induction heated
assembly for the vacuum hot pressing of Be-shapes has been designed,
fabricated, installed and commissioned in the laboratory. The assembly
consists essentially of a vacuum chamber which accommodates a die and
plunger made of high density graphite. The vacuum chamber i s fabricated
out of 7" dia s i l ica tube closed at both ends with brass flanges. The
top flange carries a Wilson seal for the plunger rod and the bottom
flange has provisions 'for connections to an evacuation system which
consists essentially of a rotary mechanical pump to give a vacuum of the
order of 100 microns. The system has been used to study the influence
of various parameters such as compaction pressure, size distribution of
the powder and atmosphere of compaction on the final density of the
compact. I t has bean observed that the compaction pressure and tempere.-
ture con be brought down considerably by selecting a proper size distri-
bution for the powder* for a powder having a definite size distribution
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the compacting pressure deoretvsea with increase in temperature. I t has

also been observed that the densifieat-.on follows the conventional pattern

- the density increasing rapidly initially and slowly in the final stages

for a constant compacting temperature*

I t has been found that compared to a siugle stage compaction at

the final temperature and pressure a pre-compaetion 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 .6$ of the theoretical could be aohieved by pre-compacting the powder at

600°C and 1000 psl, gradually increasing the temperature to 1100°C and

compacting the same at this temperature at i final pressure of 2000 pal.

IXnsification was found to take place in 3 stages, 1/5rd taking place

during pre-compactlon, 1/jrd during the subsequent heating period and the

remaining 1/3rd during final compaction. In the vacuum hot pressing of

12»5 mm dia pellets, the beryllium losses have been only 1-1.55? as against

25-30$ in the case of cold compaction followed by vacuum sintering.

Work on the setting up of a similar system for the fabrication

of larger shapes (4" x 4" x 4" compacts) has also been initiated.

1 .9 CARBOTHERMIC TBOHNOIOGY

1.9.1 P repa ra t i on of vanadium oxy-carb ide

(D.K. Boae and C K . Gupta)

l i k e f er ro-vanadiun and vanadium ca rb ide (V^c), vanadium oxy-

carbide (VQ Cy) i s also a proven material suitable for steel addition. The

compound (VO Cy) can easily be formed by carbothermic reduction of VtL at

1350*0 under vacuum. In small scale experiments, 100 g V_0_ (hydrogen

reduced), required amount of petroleum coke powder (-325 mesh), K"f> starch

and 105? water a r . ...nroughly mixed and then pelletised. Pellets are then

dried in an oven and finally subjected to a vacuum thermal reduction at

135O°C t i l l the vacuum level improved to 100 M . The rat io of combined
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and free carbon to oxygen (y/x) In this product I s controlled by control-
ling carbon content In the charge* In general y/x ratio la maintained
between 1*0 to 1.5 £or steel addition*

In studies on vanadium additions in the fora of vanadium oxy-
carblde (VOĵ y, y/x =* 1.2J>, 755* V, 55< C), vanadium carbide (VgC, 90?C 7,
6.1$ c) and ferro-vanadlum (?e-V, 53/t V, 1.8?6 c) to a low carbon steel
(O.31$6 V, 0.1$ c) i t has been obserred that the carbon contents of the
steel melts hare been 0.9$t 0.16$ and 0.11$ respectively and vanadium
recoveries have been of the order of 90$, 60$ and 86$ respectJvely. Thus,
as a ranadiuo additive, the performance of VOCy I s well comparable to
that of Fe-V. Biploying the same oxy-carW.de as a soluble anode, I t has
also been possible to prepare the metal at a cathode current efficiency
of 925? by fused salt electrolysis at 900°C and c .e .d. of 32$ A/ft2 in a
halide bath containing 4 wt# of soluble ranadiuo.

1 .9.2 Preparation of Hf-Ta alloy by Carbide-Oxide Reduction
(HfC and )
(S.P. Carg, R. Venkataramanl and C.V. Sundaram)

Hf-Ta alloys possess good high temperature and creep resistance
properties and find application in aero-space industries. The alloy
containing about 48-53/2 Ta has been successfully produced by interacting
HfC with Ts-O- at 2000*C under a vacuum of 10 torr.

Pellets made from a mixture of HfC and Ta,0_ are progressively
"2 —4

heated to a temperature of 2000*C under a dynamic vacuum of to to 10
torr In a vacuum Induction furnace. Almost 10% 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 Z hrs. In an electrron
beam furnace. The alloy analysing about 50# Ta indicated a button h a r -
ness of 56O VPN which i s comparable to the hardness of the alloy obtained
by direct melting of Hf and Ta. Alloys with low oxygen and carbon content)
(30 ppo and 0.29$ respectively) have been produced by this method« The



- 20 -

influence of the oxygen to carbon ra t io (o/c) i n the charge on the extent

of pre-reduction and f ina l purity of the a l loy has been examined i n d e t a i l

and the rseulto are given i n Table-II .

TABLE I I

IMEtUEHCE 0? OXYGEN/CARBON BATIO ON THE
PURITY OF CARBIDE-OXIDE REDUCED Hf-Ta

ALLOYS

Charge
Composition

0/C Ratio

0.95

1.00

1.05

1.10

1.15

[ Reduction Achieved
[ during Heat
| Soaking at

1 1650°C J2000°C
x lO^tom x 10"4

i torr

28.8

28.3

30.6

31.6

32.5

67.5

71.7

66.4

69.0

63.2

; Analysis of Hf-Ta Alloys
' after Electron Bean
[ Melting
I Wt %

47.9

47.8

50.7

52.6

53.3

C

0.88

0.61

0.39

0.36

0.29

t

; •

0.040

0.009

0.003

0.018

0.029

. Hardness

(VPN)

538

498

4S8

505

577

1.10 OLTRAPURIFICATIDN

1.10.1 Iodide Refining ot Reactive Hetals

(V.D. Shah, B.I1. Shaxma and C M . Paul)

fork on the preparation of high purity Zr, H. and Hf by the

iodide procei«a has been continued during the year mainly to meet the

requirements of these metals from within the HI vial on.
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In the growing of crys ta l bar W. the influence of crude

tasperature on the deposit ion rate of pure metal was studied i n d e t a i l

and the r e s u l t s are given i n T a b l e - I l l .

TABLE III

IN7LUSN08 OF CRUDE METAL TaiEERATURE OH
THE GROWING OF CRYSTAL BAB TITANIUM

Crude Metal
Temperature

•0

100

150

600

650

700

750

600

| Growth

* gms/hr/cm *
1 length *

0.0086
(initial rate
which gradually
decreased to
zero after a
few hours)

0.0160
(initial rate
which gradually
decreased to
zero after a
few hours)

0.0130

0.0250

0.0700

0.0960

0.0932

Bate

sboa/hr/cB
length

0.439

0.0110

0.006

0^)11

0*31

0*426

0*406

In the atarting of the experiment with a filament teapexvtura

of 1300*0 and a crude natal teaperature cf, 15O-2OO*C , a Tery low growth
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rate has beet, observed which gradually decreased and virtually stopped
after a couple of hours. Even an starting a fresh experiment at a lower
crude metal temperature (1OO-15O°C), the same phenomenon has been observed.
On 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 6OO-65O°C and
has become appreciable above 700'C. With the filament temperature main-
tained at 1300°C the growth rate has come to a maximum 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 800°C. there has been no appreciable
variation in the growth rate* The eventual stoppage of growth at the lo»
crude metal temperatures i s attributed to the conversion of Til. to the

volatile Til,, by reaction with the feed material present in excess
of the stolchiometric requirement. However by increasing the feed metal
temperature9 i t has become possible to elevate the vapour pressure of
Til_ and achieve appreciable growth*

Retailed investLgatlono have also been carried out on 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 Hf0o. A maximum growth rate of about 0.1 gms/hr/cm-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
possible by iodide refining with respect to a l l non metallic and most of
the metallic impurities. The distribution of various impurities in the
crude metal and in the crystal bar i s given in Table-IV.
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TABlE IV

ANALYSIS 0? FEED MAT2HIAI AND CRYSTAL BAB
HAFNIUM

(All raluea arg in ppm unlese otherwise specified)

Peed material -
Sintered pellets
of Ca-reduced
hafnium powder

563

30

13

13.0 %

250

6900

-

Crystal bur
hafnlua

110

10

13

19.4 %

22

172

5

44

Impurities

Fe

Cr

Mg

Zr

N

0

H

0

1*10*2 Ultrapurification by Electron Beam Floating
Zone Refining

(B.P. Shanna, V.D. Shah and CM. Paul)

The 1.25 XW electron beam floating zone refining urt t d«algned
earlier has been fabricated, assembled and comniasioned• The refining
chamber Is a 150 m 41a x 750 mm long glass tube in which the electron
bwaa heating filaaent i s held stationary and the molten zone i s Bade to
trarel by moving the specimen rod with the help of a constant speed
electrio rotor coupled to a gear system. The capability of the unit for
refining 6 an dia zirconium rod has been successfully tested. It baa
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been found that although the unit i s capable of melting the specimen rod
and producing the nolten zone, the driving mechanism for moving the
specimen needs modification. The driving mechanism i s presently being
modified to provide slow, emooth and continuous motion to the specimen
rod during refinement.

1.11 OTHER PROGRAMMES

1 . 1 1 . 1 Determinat ion of S in ter ing C h a r a c t e r i s t i c s of W>2
Powders by DTA szd T6A Technique
( S . P . Garg and H. Yenkatarasnanl)

A knowledge o f t h e s i n t e r i n g c h a r a c t e r i s t i c s of CO- powders l a
very important in controlling the properties of sintered compacts. In
view of this , investigations have been oarried out to determine ( l ) tempe-
rature of oxidation of U0g powders to U,0_ by TOA teohnique, and ( i i )
amount of heat released during annealing of these powders at temperatures
upto 15O0°C in inert atmospheres. Both the temperature of oxidation and
the heat released are related to strain energy and surface activity of
the powder.

DO, powders having different stnterabi 11 tiles have been prepared
by heat soaking U0g powder (obtained from ammonium diuranate) at 10OOaC
and 13OO°C for different periods of time (1 to 10 hours) in hydrogen
atmosphere*

Th# temperatures of oxidation of each of these annealed powder*
has been determined by TGA technique in Uettler Thexmoanalyeer and the
results are given in Table-7.
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TAHfcE V

TEMPERATURE OF OXIDATION OF IX>2 t o
U3°7

UO- Powder Sintered in
Hydrogen

Temp «C { Soaking
1 PeriodPeriod
; hours

Temperature ' Rate of
of Oxlda-
tlon

Oxidation

ag/mln

Weight Oslo

Formation

1000°C

1

5

10

188

192

196

0.57

0.43

0.44

36.00

37.75

38.00

200

240

0.51

0.39

38.00

37.50

Temperature of oxidation of UO. powder not sintered in H, has
been found to be 178*C. As oan be seen from the table, temperature of
oxidation (tX>, to V,0^) steadily increases with sintering temperature
and tine of heat aoak in & atmosphere.

1.11.2 Thermodynamics of Ti-O-C System
(S.F. Gsrg, J.M. Juneja and Y«T. Ehatt)

Carbothendc reduction of an oxide i s an established route for
the preparation of refractory metals and their carbides, nieraodynamio
studies of these oxide-carbon and oxide-carbide systems art thus of
rtl«rance in the process metallurgy of refractory metals and their
oarbides.
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Investigations have been carried out to study the thermodynamics
of Ti-C-0 system. The study involves measurement of equilibrium pressures
of 00 over mixtures of oxides like Ti^O^-Ti.O- and Ti-O_-!H.5O5 and carbon
(employing Hg-manometer) in the temperature range 1160-135O°K. The oxide
mixtures have been prepared by argon arc melting of a charge consisting of
TiOp and Ti-metal powder. The presence of various phases has been con-
firmed by X-ray analysis.

The equilibrium P.. values have been treasured as a function of
temperature for the above mixture of oxides and carbon. The equilibrium
pressure ( p_0 ) data could be represented by

log PC0 - - - f - + B

From the above equation A F£ was calculated for the reactions
it

3 Ti 4O 7 + C > 4 TijOg + CO

2 MLjOg + C y 3 T12O_ + CO

Knowing the value of the free energy of formation of CO, the free energies

of formation of 11,0, and Xl<0- have been calculated and found to be in

good agreement with the values reported earlier by Vaslleva* and

Kubascheweki**. The thermodynamic data of the reactions are given In the

table below
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TABLS VI

THKMODYNAMIO DATA ON REACTIONS 0 7
OXIDES 0 7 TITANIUM

Boaotlon
Present Reported Present Repor- Present Beport-
work value wozk tad work ad

value value
Kcal Koal Kcal Kcal cal/deg Cal/deg

* 116.88 116.66* 118.56 168.88* 1.40 42.6*
« 6

* °2
Z 125.14 129.72** 158.72 177.0** 27.98 39.4**

1.11.3 IhezoodynamLea of Al-Mg Syatem by Vapour Pressure
Uaasurenent
(S.P. Garg and Y«J. Bhatt)

Theraodynamlc propertlea of liquid Al-Mg alloys hare bean
atudied by measuilng the Yapour-preaaure of Kg orer liquid il-¥g alloy*
(5 to 94 atoa % Kg) at rarioua temperature* In the range of 900-1245*1
by eaploying transpiration technique. From the experimentally obtained
rapour pressure data rarlous thermodynanlc properties of the alloya
hare bean oalculated and compared with the ralues already reported.
Attempts hare also baen made to calculate the Kg activity by aolutdllty
•aaaurement of Kg In MgCl2 while equillbraUns with Al-Mg alloya, and
also by phase diagraa studies of Al-Mg system. It has baen found that
the acUrlty of Mg In liquid Al-Mg ayaten nearly conforms to the Ideal
solution behariour at 1000 K with only slight negative deviation l a
Kg rich region.
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1<11.4 ThenDOdynaod.o Invustigatl ens Using Solid State
EUF Measurements
(S.P. Garg and J-M. Juneja)

Work has been initiated to make ENF measurements of the

following solid state cell :

Nl-HiF / CaPg / Co-CoP2

The Ca?2 solid electrolyte separates the two electrode compartments.
After assembling the ce l l i t has been evacuated and flushed with
purified argon gas. The cell i s then heated slowly in aa atmosphere
Of flowing purified argon gas (flow rate 50 ce/mln). The Bff of the
oell has been measured at various temperature* and the JW values plot-
ted against temperature. The straight line relationship obtained for
the above cel l has been represented by the equation

B(volt) » 0.0245 +0.120 i 10~3 T

The cel l reaction taking place can be represented by the equation

KiP2 + Co » CoFg + Ni

The standard free energy change & P for this reaction has been
calculated using the relation

-nF£

(where n • 2 for the above reaction and F • 23062 oal/volt)
and can be represented as

A * ( c a l ) « -1130 - 5.535 T

The results are in close agreement with the values reported la the

literature.
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2 . PHYSICAL HETAUJJBGY

The Physical Metallurgy Section haa bean mainly conosrned

with the study of tho physical and mechanical properties of metal•

ani alloys of interest to the nuclear energy programme.

Three groups - Mechanical Metallurgy, Structural Metallurgy

and Metal Riyeics - have been act ively engaged in investigations

covering a "ide range of properties of Zr-base al loys, and on R 4 D

woik on a number of problems of nuclear in t e res t .

The Afechanical Metallurgy Group has been investigating the

grain size effect, a l loy hardening, s t ress relaxation and thermally

activated deformation processes* fracture studies on end shield

materials , and also e las t ic and anelast ic beha-iour of Zr alloys

have also been conducted..

The Structural Metallurgy Group has been carrying out t r ans -

mission electron microscopic studies on phase transformations on Zr

and Ti and t he i r al loys and on s ta inless s t e e l s . Extensive work has

ea r l i e r been carried out on martensitic transformations in Zr and T i -

. toe a l loys an} during the currant year emphasis has been shifted to

out ' to ld transformations and precipi ta t ion react ions. Scanning

electron microscopic investigations have been carried out on several

service ia i lures and for powder metallurgy work.

The Uetal Fhyeics Croup has been continuing i ta studies on

diffusion phenomena and impurities in boc t rans i t ion metals and

interd if fusion studies in isomorphous systems. It I s u t i l i s ing ths

Electron Mlcroprobe Analyser for diffusion studies as well as for

the study of growth kinetics and internetalD ic phases on various

a l loys . Micleation and growth of gas bubbles in irradiated ooppsr-

boron a l loys and sol idif icat ion structure in alloys have a lso bsen

carried out. The work carried out on neutron irradiated nickel alloy*

and i r radiat ion hardening in Zr and Zr-baae a l loys baa also been

reported during the current year .
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The acquisition of latest model3 of transmission and

•oanning electron microscopes and their sueoessful canals aionlng

during this year has greatly facilitated several investigations

oaxried out by the Division*

Physical Metallurgy Section continues to give valuable

assistance in various metallurgical problems referred to i t by

other Divisions of B.A.R.C, and outside agencies as well.

2.1 MECHANICAL METALLURGY

2 . 1 . 1 Internal Stress Variation in ZJxcaloy-2

(P. Dasgupta)

In the thermal activation analysis of a deformation

process. Internal stress developed in a material i s assumed to be

independent of temperature. Work was carried out $o confirm whether

this is valid for Zircaloy-2. Accordingly, a stress relaxation

technique has been adopted where the stress was relaxed for suffi-

ciently long time t i l l i t approached <?*/<. and then the temperature

of the specimen was changed quickly. It has been observed that

even after sufficient time for load relaxation, the xelaxed lead

does not reach the initial value suggesting that variation of €/L

with temperature is a real one. From this it could be inferred

that the structure, arrangement'and distribution of dislocations

which contribute to internal stress are a function of temperature,

further support for the above findings has been obtained from the

work-hardening studies on Zlroaloy-2,where work hardening rate was

found to depend on temperature.

2.1.2 Stress Relaxation and Dislocation Densities in Zireoniua

and it8 Alloys

(P. Dasgupta)

Roon temperature stress relaxation experiments have been

conducted with Zr-oxygen, Zircaloy-2 and Zr-Ti alloys in order to

ascertain the constancy of mobile dislocation densities during the

stress relaxation process. It has been observed that the master
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relaxation CUTVI and stress relaxation from the initial stress level
did not superimpose BUfî eatity; that the assumption of constancy of
structure during stress relaxation le not strictly valid* Hia
differences in the raagnitude of the relaxation rate between the two
curves were found to be nore pronounced with increase in total
plastic strain. JJymmic recovery is suggested to be the dominant
mechanism causinr structural chants durine the stress relaxation
process with consequent alteration in mobile dislocation densities*

2.1.3 Computer Technique for Determination of Strain Bates
(V. Raman and P. Das^upta)

A computer simulation programme for accurate computation
of strain rate parameter dinrin;: stress relaxation has been initiated.
The programme involves oithor {jraphical differentiation of the ourve
using a eet of pointScloge to predetermined points or formulating

• a polynomial, which defined the experimental curve as closely a8
.possible and solving the polynomial us-L^ appropriate data points.
Both the methods were tried for Zircaloy-2 end the technique of
graphical differentiation was foury) to V mom appropriate. Appli-
cation of thin projsraniae to various oth?r metals and alloys is being
attempted.

2.1.4 fracture Studies of 3r-1at^Ti with Various Oxygen Iievels
(V. Hauan, 5. Kishra and P. Da3gu[.>ta)

Oxygen plays a vital role in influencing the fracture
nodes of zirconium and i t s alloys. Accordingly fracture studies
were conducted with an alloy of 2r-1at?^Pi containing various levels
of oxygen. Oxygen was introduced In specimens by soaking the staples
at 800*C under oxygen pressures of 3, 6, 9, 1?, 15, 18 and 21 an of Ug
for 7 days. Hardmss measurements on samples exhibited a progressive
Increase in VPN values indicating that oxygen concentrations are higher
for specimens exposed to higher eaa pressures. Exaaination of the
fracture surface of the specimens under SEU shoved gradual change
in the mode of fracture from ductile to almost brittle behaviour*
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Ductile fractures were associated with large slip' traces introduced
by occurrence of both primary and seoondary slip with concomitant
recovery process. This implies that shear meohanisTi played a domi-
nant role in nucleating the crack embryo which latter propagated
due to deformation-induced stresses in the.material. Sractography
of high oxygen alloys exhibited strain induced 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)

Examination of the stress-strain behaviour of iodide
zirconium under compression exhibited various stages, fhia is
analogous to single crystal deformation curve where each stage has
i t s characteristic features. Metallographic examination of the
compressed sample at various strain levels indicates gradual change
over from single slip mode to multiple slip operation during stage II .
The incidenoe of oros3 slip has also been observed at Stage III.
Hie real oause of this unfamiliar polycrystal deformation behaviour
under compression i s yet to be explored quantitatively.

2.1.6 Theimomechanical Treatment of 2r-2.5Jft> - O.5Cu Alloy
(V. Raman, T.K. Sinha and P. Dasgupta)

Zr-2.5Nb-O.5Cu alloy is used as calandria pressure tubs
epacere (in the fcecra of garter springe) in CANDU type reactors.
A programme 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 this
oooposition was quenched from beta region (900*C) and aged at 540*C
for 2, 4, 6, 8, 24 and 60 hours. Hardness measurement showed pro-
gressive inorease in VPN values with no incubation period. Bate of
increase in hardness in the initial stage was found to be mare rapid
than ID long time ageing. Examination of mlorostzucture of the
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samples revealed that quenched specimens developed martensitie
structure while the aged one revealed the presence of fins second
phase precipitates. The volume fraction of the precipitates
increases with ageing time. Mechanical properties evaluation la
under progress.

2.1.7 Strain Bate Sensitivity of Cold-worked Zircaloy-2
(T.K. Sinha)

The analysis of the service performance of engineer ing
materials und»r stressed condition requires a precise knowledge of
their strain rate sensitivity parameter (m*) expressed by the
following relation "b In i./& In 6"" or dtr/dln £ . Since
Zircaloy-2 Is used in the cold worked stage i t i s essential to have
a precise knowledge of i ts strain rate sensitivity at reaotor operat-
ing .temperature. As a first step, attempts were made to find oat •*
at room temperature using strain rate cycling method Be cause of
poor ductility of the material this method gave m* with wide varia-
tions. To overcome this difficulty, a stress relaxation technique
has been adopted and estimation of m* parameter is in progress.

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

AB part of the Zr-alloy development programme with
emphasis on developing suitable alloyawith improved mechanical
properties, a series of Zr alloys having the oanposition Zr-1.5 Sn,
2r-2.5 Cu, Zr-1.6 Cu, Zr-1 Cr, Zr-4 Al, Zr-7 Al, Zr-1O Al have bwn
chosen. These alloy compositions have been prepared by noD-consuma-
ble 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 completed. The conventional
technique of hot rolling could not be applied to Zr-Al alloys
because of their inherent brittleness, and a modified technique
is being tried to obtain mechanical testing specimens. A •veteMtio
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investigation on the mechanical behaviour of heat treated Zr-1.5 Sn
alloy has been completed. The heat treatment programme involved
water quenching the samples from 83O°C, 900'C and 1000°C after one
hour soaking at respective temperatures, and. the water quenched
samples were aged at 550°C for 4 hours* The work hardening behaviour
of this material has been analysed on the basis of two equations
<5~- K {? and S"~ •= erg +-h £ f=» • The plot of log work hardening

rate as a function of true plastic strain for water quenched samples

exhibited single stage and the work^rates were found to decrease
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 a- as a function of log £.£, also showed simi-
lar trend. Heat-treatment and mechanical property studies with other
alloys are in progress.

2.1.9 Radiation Bnbrittlement Studies on End Shields for RAPP
and MAPP
(P. Dasgupta)

Impact property evaluation of end shied material in the
unirradiated condition has been carried out with specimen geometry
following Charpy V-notoh substandard size. Energy absorbed values
vary from 1 ftlb to 82 ftlb in the temperature range of 77 to 375*K.
The first batch of 32 samples irradiated at a fluenoe level of

9 2
1.5 x 10 n/om has been taken out frcm CIBUS and ia at present
undergoing cooling before beiqg tested for impaot property determina-
tion. Another batch of 32 samples has been loaded to receive *
flue nee level of 3 x 10 n/cm . Specimen design and the formula*
tion of test proposal for fraoture mechanics studies are in progress •
2.1.10 Dynamic Strain Ageing Behaviour of Ziroaloy-2

(V. Raman and P. Dasgupta)
Presence of interstitials in zirconium alloys may oaus*



strain ageing that o n result in loss in ductility, thereby restrict-
ing the service application of these alloys. To examine this problem,
an attempt has been made to study the dynamic strain ageing behaviour
of zircaloy-2. Annealed samples of r.ircaloy-2 having a grain size 15-20/M,
have been tested at temperatures between 25O"C and 35OeC, at strain
ratesjf1.6 x 10 sec" and J.2 x 10 sec~ . Ifo detectable serrations
in the stress-strain curve have been observed which indicates that
temperature and strain rate ranges are not appropriate to cause solute-
dislocation interaction effective enough for dynamic strain ageing,
"temperatures above 350 °C and strain rates lens than 10 sec~' could
be a better choice Tor observing this effect in Zircaloy-2.

2.1.11 Alloy Development Programme
(/.l.K. Asurxli, T.K. Sirtia, F. Dasgupta and V. Raman)

Sufficient progress has been made towards standardisation of
melting, fabrication and heat treatment procedures of Zr-2.5Nb alloy
which has been proposed as a pressure tube material in nuclear power
reactors. Melt ing parameters involved in consumable electrode melting
of sponge as well as Zr-2.5 Wb alloy were determined, and on this basis,
an ingot of Zr-2.5 Nb having the dimension of 44 n>s dia. and 150 am.
length was melted using pressed Zr-eponge and lib-wire eleotrode.
f&tallographic examination of the first melted ingot showed segregation
of alloying clement at the central region and therefore remelting was
necessary to obtain a homogeneous 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 favourably with the
reported hardness for commercial Zr-2.5 Nb alloy - in the oast form*
Metallographic examination of the samples sectioned at different
regions of the ingot showed a uniford microstructura consisting of
primary Nb-rich beta-dendrites embedded in the matrix of transformed
beta. Sections hot rolled at 4*650°C, when examined, showed fine
rscrystallieed alpha together with a fine network of transformed beta
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phases. The rolled sheet, when solution annealed at 850* (alpha +
beta region) and water quenched, developed a microBtructure consist-
ing of primary alpha embedded fn alpha' martensite. The hardness
of the quenched sample was round to increase to ?70-?B0 VPN.

To sun up, metallographic examination and hardness measure-
ments carried out on cast, rolled and heat-treated samples of Zr-2.5 Mb
prepared in this laboratory have shorn characteristics closely similar
to those reported for commercial grade Zr-2.5 Nb alloy, further work
on be at-treatment and mechanical properties i s continuing.

2.1.12 Internal friction Studies in Stable and Metastable Beta
Titanium Alloys
(S. llishra and U.K. Asunli)

Internal 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 jumping of vacancies around interstitials leading to
rotation of vacancy-interstitial -solute pairs. The fourth peak is
interpreted as due to Snoek relaxation. The fifth peak is inter-
preted as due to dislocations generated during isothermal to trans-
formation. The binding energy of oxygen with dislocation is the
difference between the activation energies of the last two peaks
and i t has been found to be 5 kcal/mole. Another peak has been
observed in TI-17J&I0 alloy containing low oxygen. This has been
explained as due to the athermal formation and dissolution of the
embryoes of a) under cyclic stress.

2.1.13 BUcontinuous Yielding in Solid Solutions
(V.V. Haraan, C.N. Rao and U.K. Asundi)

Many solid solutions at c 'tin ranges of temperature and
•train rate exhibit discontinuit n̂ the stress strain curve. Such
alloys also exhibit a decrease in flow stress for an increase in
strain rate with a range of temperature. A model capable of explaining
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this phenomenon han been formulated• The model assumes the followingt
(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 tht> time {}) When the dislocations are stationery, aolute
atmospheres at&rt forming around thorn and when they are in motion,
they move dial ing tho atmospheres which gradually decay and release
the dislocations. The metallurgical behaviour of the material would
correspond to the observed negative strain rate sensitivity and hence
to discontinuous yielding.

2.1.14 Thenttomechanical Treatment in Zlrcaloy

(V.V. haman, C.tf. 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 ssircaloy-2 sheets i s affected by the variables during
hot rolling and cold rolling operations. It i s also affected by
Intermediate annealing schedules during cold rolling operation.
Grain size, on the other hand, depends on the last stages of cold
rolling operation and annealing time and temperature* Different
combinations of the above variables were used wLth the same starting
material to end up with a sheet of the same thickness* The yield
strength, ultimate tensile strength and elongation were studied as a
function of ttiese variables.

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

One of the rays to determine the binding energy of solutes
to dislocations i s from their enhanced concentration around the d i s -
location. The concentration of solutes along th'j dislocation, on the
other hand,, can be measured by studying the amplitude dependence of

internal friction. Granato and Lucke have shown that the amplitude
dependent Internal friction due to breakaway of dislocations from
solute atoms would follow a relation C,/£ exp (-Cg/£) where C. and
C_ are constants and £_ the strain amplitude. The constant 0,
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Is proportional to the concentrationJsolute atoms along the disloca-

tions. Hence frcm CL values at different temperatures one can cal-

oulate the binding energy of the solutes with the dislocations. Such

studies were carried out in Ti-45£Mo and Ti-5$V alloys between 375*C

and 55O*C. It was found that the binding energy of oxygen with d is -

location in T1-56V alloy is three times as much as that in Ti-45 Mo

alloy. This is consistent with the expectation ainoe the radii of th«

octahedral holes in the two alloys are different, giving rise to

different elastic interaction energies.

2.1.16 Effect of iatigue Hardening on Annealing Characteristics

in Zirconium Alloys

(V.V. Raman)

fatigue hardening in raetals and alloys is a well known

phenomenon. Under cyclic stresses, well below the yield strength,

substructural changes take place in metals which result in substan-

tial chants in their properties after many such cycles. In poly-

crystalline zirconium alloys, macroscopic flow i s possible only If

some twin systems also start operating. However, during cycling

between two stresses, localized dislocation multiplication by stress

concentration around crack tips of fatigue induced cracks can causa

localized hardening and also vary the annealing characteristics. Oils

Is being investigated.

2.2 STRUCTURAL METALLURGY

2 . 2 . 1 fhase Transformation i n Zirconium Alloys

( i ) Eutecto id Decomposition i n Zr-Cu Al loys

( P . Mukhopadhyay, S.. Sanerjee and R. Krlflhran)

Eutectoid decanpos i t i on in some zirconium a l l o y s has been

reported t o be very rapid and such a l l o y systems are des ignated « s

"act ive e u t e c t o i d " sys tems . An attempt has been made here t o study

t h e Mechanism of the a c t i v e e u t e c t o i d decomposit ion process in Zr-Cu

• H o y s . In a Zr-1.6?fcu a l l o y ( eutec to id compos i t ion) , water quenohlng
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from the beta phase has been found to produce a structure consist-
ing of-several colonies, each containing either an aggregate of two
twin related alpha orientations interspersed with one another or a
mixture of an alpha orientation and a roetastable second phase
orientation arranged in a la TO liar fashion. In many regions, the
•wavy* second phase lamellae have been observed to emerge from the
straight twin lamellae. Though the majority of the colonies are
of irregular shape, characteristio of the product of a cellular
inaction, in some regions,planar 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 using parameters like
the observed interlamellar spacing and the reported values of
diffusion coefficients. It has been found that the observed growth
rate is a few orders of magnitude faster than the estimated rate.
Taking all these points into consideration, i t has been suggested
that the reaction involves the simultaneous operation of a martensi-
t ic and a cellular reaction.

Studies on a hypoeutectoJd alloy (Zr-O.75^Cu) have also
indicated a shear transformation leading to the formation of marten-
site laths and a simultaneous euteotoid reaction producing a lamellar
distribution of a metaetable seoond phase at the lath boundaries,
during the beta-quenching treatment. Xbeznodynamioally a reaction of
this kind is feasible because the supercooling required for initiating
the aartensitic transformation is adequate to bring this hypo-
eutectoid alloy into the region of direct euteotoid transformation.

( i i ) Evolution of Different Wcrostructures in Zr.Al Base Alloys
tP. liukhopadhyay, V. Raman, S. Bsnerjee and H. Krlshnan)

Zr,Al base alloys have shown some promise as struotaral
materials in nuclear power reactors. This intermetalllo compound has
adequate for inability at elevated temperatures ( > 1050'C) and unlike
alpha Zr-Al alloys, it has a good corrosion resistance. Both hypo
and hyper stoiohl'-aetrio compositions were chosen for this study.
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In the hypoBtoichiometric alloy (Zr-4>2/6Al), beta quenching
produced a lath martenaite, a structure whloh waa found to contain
micro domains of ordered hexagonal DO.,- particles in a matrix of
disordered alpha. Wiring ten per ing at temperatures ^800 #C, the
Zr.Al phase was found to emerge in a lamellar form from the lath
boundaries. The transformation front waa seen to advance in a
discontinuous manner, finally producing a lamellar distribution
of the alpha phase and the Zr,Al phase (Lin structure) with the
following orientation relation i

- . , "
In the hyperstoichiometric alloy (Zr-10jS&l), quenching

from the ? + 2r_Al phase field produced a structure consisting of
the ZrpAl phase dispersed in a transformed beta matrix. During age-
ing at 800*C, the alpha phase was found to reaot with Zr-Al to form a
mixture of alpha and Zr.Al phases.

( i i i ) Precipitation in Zirconium-tin Alloys
(Smt. Una Ifeik and S. Banerjee)

In standardizing the fabrication schedule of zlroaloy-2,
considerable difficulty has been experienced in dissolving the second
phase. The exact nature of this second phase has not been identified
yet. In view of this , the present work was carried out on a binary
Zr-1.5$ Sn alloy. Transmission electron microscopy waa used to deteot
the fine precipitates which form in this alloy during the quenching
from the j6 , the o £ + r ai** the o£.phase fields. Selected area
diffraction and dark field techniques were employed to Identify the
structure of the precipitating phase. The coherency strain associat-
ed with these precipitates wasseen to pwxHce a strong contrast.
This oontrast is being analysed in order to be able to determine
the magnitudes of this strain in different directions. During age-
ing at 55O*C, the precipitates were seen to grow at a very slow
rate.
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L' .2.1' .Simp* Memory Effect

( j . Bnncrjee and V.V. Haman)

Some mar Inns! tic materials have been reported to have a

'memory* of their original uhape, however, arbitrary. If this shape

la distorted by a plastic deformation and subsequently the material

i s subjected to an appropriate thermal cycle, the original shape of

the material 1B regained. This phonomenon has been attributed to

the deformution process dut to the irreversible migration of coherent

interfaces resulting in a change either 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 Nl-r^O a/0 Ti alloy mnrtensite samples have been subjected

to a strain.and theraal cycle while continuously recording the

stress cenfiraled in these samnloo. The results of -these experiments have

provided information regarding tii<? soring back action. The effect of

variables like the plastic strain level and the residual stress level

at which the thermal cycle i s given, the temperatures and the dura-

tion of the th rmal cycle etc. on the stress generated during

the shape recovery process his be<?n exanined. Electron microscopic

investigation has shown that 111-Pi marten;! te plates, made up .of an

alternate stacking, of two twin i^latod orientations, also contain

some blocks of twin orlnotations within the matrix lamellae. This

observation i s indicative of the ease with which reorlentation Is

possible in this structui-e.

2.2.3 Heat Treatment of H barium and Zirconium Alloys

(l) li-OU-iMo-IV

(S.J. Vijayakar, S. Banerjee and R. Krishnan)

A wide variety of micro structures could be produced in

this commercial alloy by choosing suitable heat-treatments. In

this study, the microstructures were characterised from TBM observa-

tions and the mechanical properties c ^responding to these structures
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were evaluated. By charging the eolutionzing temperature in the
(^_+ ft) phase f ield, the relative proportions and compositions of
the alpha and the beta phases could te altered. On quenching from these
temperatures, the beta phase waa found either to transform into a
martensite or be retained, depending on the re-distribution of the
alpha stabilizing (Al) and the beta stabilizing (Mo & V) elements
in the beta phase during the solutionizing treatment. The plot of
the yield strength versus the solutionzirg temperature showed a minimum
which was found t o be associated with the presence of the metastable
beta phase. During deformation, this beta phase was found to undergo a
martensitic transformation, the 'yield s t ress 1 representing the c r i -
t i ca l stress required for inducing the trans format ion. Such yielding
at that relatively low stress level did not occur when the solution
treated material wa8 subsequently tempered in order to decompose the
metastable beta phase into an equilibrium mixture of alpha and beta. In
some cases, where the solutionizing temperature was brough down to
^ 900°C, the alpha phase got enriched in aluminium to about 10?S
resulting in the formation of the ordered efc phase.

( i i ) Ti-6?5Cr and Ti-12$Io

(M. Unnikrishnan and S. Banerjee)

The precipitation of the alpha phase in the matrix during
isothermal treatments of these two alloys was studied. The kitwtlo*
of these precipitation reactions were examined, the C-shaped time-
temperature-transformation diagrams were plotted and the activation
energy of the process evaluated. In the Ti-6$Cr alloy, i t was seen
that the reaction rate for samples quenched from the beta phase and
subsequently tempered in the {°C+ fi ) phase field was much higher
than that for the samples directly quenched from the beta phase to
the reaction temperature in the («^ + £) phase f ie ld . T£M investi-
gations showed that even a single precipitated alpha plate was
constituted of a number of alpha crystals of differing orientations.
In many cases the matrix beta was found to undergo a martensitic
reaction.
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( i i i ) Mechanical Properties of (fetenched and Tempered Zr-Nb Alloyc

(S.J. Vijayakar and S. Bansrjee)

In continuation of the previous work on the structural investi-

gation of qusnched and tempered Zr-Nb alloys, a study of the aeohatical

properties of the heat treated Zr-S^Nb and Zr-5»5#Nb alloys was

taken up. ISy selecting the proper tempering temperatures, it waB possi-

ble to precipitate the j81 phase (2r-2O%Nb) in one set of samples and

the &9 phase (Nb-15/»Zr) in another set . From the results obtained eo

far, it has been possible to infer that the maximum strength is asso-

ciated with the precipitation of the ^ phase at temperatures slightly

lower than the monoteotoid temperature. Vftien the tempering tempera-

ture i s raised above the monotectoid temperature a rapid coarsening

of the A precipitates occurs, leading to a conspicuous drop in the

strength of the alloy.

2.2.4 Studies on Transformation in Steels

( i ) Deformation-induced Transformations in a Type 316 Stainless

Steel (V. Seetharnman, S. Banerjee and R. Krishnan)

In piany austenitio steels, austenite transforms to martensite

during plastic deformation at or bo lew ambient temperature. Such a

deformation induced transformation manifests itself as the well known

TRIP effect in these steels and .has a pronounced influence on several

characteristics l i te the resistanse to crack propagation, magnetic

permeability, corrosion resistance eto. Therefore, experiments have

been oarrlad out to study the formation of martensite as a function

of the temperature, the rate and the extent of deformation and its

effect on the mechanical properties of this steel. It has been

found that plastic deformation a-t temperatures below -70°C results

in tue formation of thin and narrow deformation bands on f l ^ J y .

and these bands, in general consist of overlapping stacking faults,

mechanical twins and sheets of hexagonal close packed £, phase.

Upon further deformation, the •£. phase nucleates at the intersection



of two sets of tiiear bands and then grows into a lath l ike
morphology. Once^ is nucleated by defomation at sub-zero tempera-
tures, i t cculd then grow spontaneously during subsequent heating.
This thnrnnlly activated growth of o(. is rapid around 400*C, but
•bow 500*C. ot reverts tack to auBtenite. The formation of «(_
•artenslte loads 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.

( i i ) Precipitation Reactions at Elevated Temperatures in a
Type 316 Stainless Steel
(7. Seetharaman)

Long time exposure of type 316 stainless steal to eleva-
ted temperatures i s known to cause decomposition of the austenitlo
•atxix resulting in the formation of several carbides and lnfcer-
aetal l ic phases* Unfortunately, tba time aril temperature xanges
reported by different investigators for the fomation and'stability
of tbt various phases are not consistent, Henoe a systematic inves-
tigation of the nicrostructural stability of this steel as a {Unction
of therm*) and mechanical pretreatments has been -taken up. In the
oaae of solution treated alloys, ageing treatments lasting upto 250
hourei temperatures ranging frcm 600*C to 800*0 cause only the preci-
pitation of carbide and the V . phase. Initially, Mg.Cg typt of
carbides precipitate profusely along the grain boundaries and twin
boundaries. But after prolongsd ageing a large number of intra-
granilar Widmajistatten precipitates also appear. J^jCg type
carbides possess a f . c . c . structure and are in parallel orienta-
tion with the matrix.

Cold working prior, to ageing enhances the precipitation
kinetics and renders the distribution of precipitates more uniform.
The defomtion bands present in the cold worked austenite act as
preferential nucleation sites for these carbides. Since the overall
•oluae fractions of the precipitates remain below Vfc even after
very long durations of ageing, these precipitates do not contribute
significantly towards the strengthening of this steel . However,
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they give rise to a strong tordenoy for the cracks to propagate
along the grain boundaries containii^ these precipitates.

( H i ) Age Hardening in a PH 1J-8 Mo Stainless Steel
(V. Seetbaraman and M. Sundara Raman)
Martens i t ic pr»clpitation-harderable stainless steels

are noted far their higi fracture toughness, resistance to stress
corrosion cracking and retention of high strength at temperatures
as higi aa 500*0. Among them PH 13-8 Ho stainless steel i s cnara-
oterized by the complete absence of a -ferrite and hence possesses
good centerline transverse ductility. This work has been taken up
to follow the mierostructuxal changes occurring during the precipi-
tation hardening treatment and to study their effects on the mechani-
cal properties of this s tee l .

Solution treatment at 900'C followed by air cooling leada
to the complete transformation of austenite to martensite. This
•arteneite consists of -very fine laths and is characterised by a hi^h
density of dislocations. Subsequent ageing of this martensite at
temperatures ranging fran 450 "C to 600*0 leads to the fo mat ion of
extremely fine precipitates of an intemetallic compound corresponding
to the composition, NiAl. Besides, a fine soale preoipitation of
reverted austenite has teen observed in samples aged at 525 *C and
these austenite preoipitates oaareen rapidly during ageing at higtei-
temperatures.

It has been found that ageing at any temperature between
4(jQ*C and 575*C results in a substantial strengthening of this steal.
The yield strength and ultimate tensile strength values reaoh a
maximum after ageing at 525*0. This increase in strength ia not
accompanied by any significant.reduction in ductility. Stress
relaxation experiments show that the increase in flow stress values
after ageing is mainly due to the increase in the athermal ooaponent
of flow stress. It appears that the strengthening due to HlAl preoi-
pitates ariflca aalnly from the internal stresses in the matrix, while
that due to the austenit* precipitates i s the result of the nlattv*
•lsorlentation of the s l ip systems in the matrix and the preoipitatea.
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2.3 METAL PHYSICS

2.^.1 Diffusion Studies

( i ) Self Diffusion in Dilute fls-Mn and le-Mo AlloyB
(V.S. Raghunathan and B.J>. Sharaa)

Self-diffusion studies in a series of dilute Iron base alloys
having manganese and molybdenum as alloying additions, have been
conducted to establish 'correlation effects' . Hie data have been
analysed in accordance with Lid lard's theory. Bie temperature depend-
ence^diffusivity in these alloys could be represented by the follow-
ing Arrhenius equations i

Alloys (at#) Eqn. Teiip. range
•C

Fe-1 Mn(Y) D - 0.38 exp(-66,4OO/RT) 970-1205
B»-J Mn(r) D - 0.08 exp(-6i,4OO/RT) -do-
B»-1.5Mo(ei) D » 2.24 exp(-57,6OO/RT) 802-902
Ie-3 Mo (o{) D - 1.1 exp (-55,8OO/RT) -do-

The typical values for correlation factor for Mn * and Mo™
diflUsion in these alloys were characteristic of vacancy diffusion.
For example, ft for the diffusionLMn in Y-Ie at 1017&C waB 0.78.
The same value was obtained for Mo diffusion in «L-Efe at 802*C.

( i i ) Self and Impurity Diffusion in Dilute Zirconium-base Alloys
(R.V. l a t i l , G.P. Tiwari and B.D.

Studies on self- and imparity diffusion in dilute Zr-Cr,
Zr-fe alloys in beta phase (which shews anomalous diffusion) have been
continued.

( i l l ) Diffusion of Br° in Concentrated Ib-Al, Pa-Si Solid Solutions
(V.S. Baghunathan and B.D. Sharma)

en

Diffusion of ft in le concentrated solid solutions in the
Fe-Al and Ib-Si systems has been investigated, the points of interest
being ( i ) temperature and composition dependence, ( i i ) effect of
aagnetio ordering and ( i i i ) short range order on diffusion behaviour
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in these alloys
were obtained >

Alloy

Fe-6A1

Je-1OA1

-Jte-15A1

Pte-1OSi

. The following results for

D - 0.42

I) = 0.02

D <* 0.06

J) • 0.01

J) - 0.01

D - O.?5

» - 5.59

DiffuslTity

exp (-42.290/RT)

exp (-43»880/RT)

exp (-46,720/HT)

exp (-41,290/RT)

exp (-47,290/KP)

exp (-55i14O/KT)

exp (-52,420/HT)

temperature dept

Temp, raree

(Rxw)
(Bire)
(itarro)
(Pure)
(Blerro)
(Rire)
(flexro)

The composition depenibnoe of frequensy factor.in Fe-Al systeoi
could be coi^celated with entropy of mixing for alloys of different
compositions. The activation energy could be correlated to alloy
compositions through sol id us temperatures by an equation t

U - Bo exp (0. S ^ / R ) exp ^

where 0 and K are proportionality constants.
The studies have also shown that both ferromagnetiso and short

range order strongly affect diffusion coefficients.

(iv)Chemlcal Diffusion in bcc Solid Solutions

(a) EB-V System
(V.S. Raghunathan, B.C. Sharma)

Using electron microprobe analysis, the interdiffusion behaviour
in Pe-V systao has been investigated in the temperature range 1200-1400*C.
Effort was made to rationalise the diffusion data in terms of Vignes-
Birchenall'e treatment correlating 0 values with soilidus temperature, as
in the case of Zr-Ti system reported last year. "She correlation was
found to hold good in the composition range 10-7Q# Be. Temperature
dependence of interdiffuelvity in this (0-70 atjfcle) region is seen t o
follow the relationship

D • 23.4 exp (-4.6 fl») oxp - (80,800-34000 Va)/SC
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Bjlow 1200'C, due to founation of tf- phase, the diffusl-

vitiy data show scatter*

(b) Titanium-Vanadium System
(G.B. Sale, S.K. Khera and G.P. Tiwari)

The chemical diffusion In Ti-Vdiffusion couples has been
investigated in the temperature range 900-1200°C. The concentration
profiles obtained by EB1A. have been analysed in accordance with
Boltzmaim's analysis and the data rationalised following Vignes-
Birchenail's treatment. Ti-V system shows a minimum in solidus
temperature in the J0-40$Ti range. Diffusion ooeffioients increase
with decrease in solidus temperatures. The data do not follow
Vignes-Birchenaal's treatment monotonically and have been used to
establish free energy vs composition diagram*

(v) Hiase Stability and Diffusion Controlled Growth of
Intermetallic Compounds

(a) Thorium-Iron and Thorium-Stainless Steel Systems
(S.K.Khera, H.V. Pat 11, B.JJ. Sharoa)

In continuation of the earlier work on Th-V system, the
phase stability of thorium-iron oompounds in the diffusion tones of
Th-Pfe 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-Efe system have been quite interesting.
Diffusion couples equilibrated in the range 69O-78O'C have •hown
presence of Th-Fe,, Thle,, Th Ie_ and Th^^- lntezmetallics in
the diffusion zone. The relative distribution of these pbas«a i s
found to vary with temperature and tine of anneal. The data have
been analysed to obtain the relative growth rates of these inter-
metallic compounds.

(b) Iron-Titanium System
(G.B.Kale, S.K. Kheia and G.P. Tiwari)

The Pe-Ti system, unlike the Ti-V system, does not exhibit
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complete solid solubility. The phase diagram exhibits the presence
of two interraetalllcs, i . e . TiJfe- and Tiffe. Diffusion studies uBing
EMA are currently In progress to examine the relative distribution,
phase stability and the growth rate of these compounds in the
diffusion zone of Fe-Tl 'sandwich' couples.

(vi) hydrogen Absorption and Hydride Precipitation in
2r-Base Alloys
(tt.D. Vbra and B.D. Sharma)

The hydrogen absorption characteristics of iodide and
sponge zirconium, zircaloy-2, 2r-2,5$Hb and some 2r-Ni alloys have
been investigated in the temperature range 275-55O*C. Hydrogen
absorption is narked by transients attributable to surface effeota.

The diffusion controlled transformations accompanying
ZrH. precipitate formation and dissolution have also been investigated*
The data far 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. Dissolution experiments Involving heat
treatments of zirconium alloys containing hydride platelets abo-ve
•d / • £ + hydride) phase boundary, have also yielded results confirming
the above activation energy.

(vi i ) Solute Redistribution Studies in Oxidised Zirconium Alloys
(S.K. Khera, G.B. Kale and H.S. Gadiyar)

EPMA. studies on solute distribution In oxide layers, and
in oxide/metal interface regions, bAve been conducted for Zircaloy-2
and Zr-binary alloys containing Nb, Cr, Sn, Cu and Nl. The specimens
are oxidised in steam at 558 "C. In the case of alloys showing higher
oxidation rates, the solute oxide i s found to dissolve in the ZrOg
matrix without any composition variation. However, for solute addi-
tions of limited solubility like Cr, Ca and Fe, solute enrichment at
interface and 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. 'feutror. Irradiation Effects

( i ) Defect Structure and Poet-Irradiation Annealing of Ifeutron

Trridtatea Nickel Alloys

(M.K. aiatta, I.S. Batra ana B.D. Sharma)

Tfce defect structure caused by neutron irradiation, which

la responsible for radiation te.rrtenin*., has been examined by transmi-

ssion slectrnn microscopy in polycrystallins nickel, Ni-Ti and Ni-ffe

alloys. Th« d«feot structure Is found to consist of depleted zones,

black-white defects, dislocation loopB, vacanoy tetrahedra and disloca-

tion tangles of varying sizea and. density. The defect density of

tetrahedra and dislocation loops is found to be high in Ni-Ti and RL-Se

alloys as compared to the pure metals. Post-irradiation annealing

studies have also shown that radiation hardening, associated with

these defects, anneals out in the te^ierature range 15O-30O*C, with an

activation energy of 2.1 eV. This is lower +han the activation energy

for self diffusion In pure nickel.

( i i ) Solid Solution Strengthening in Nickel Base Alloys

(M.K. Matta and B.B. Eharma)

Th° mechanical properties of Ni-1^Ti, Kl-5?S!i and Ni-85<Be alloys

have been investigated in the "temperature range 77-45O*K. Ihese etudiaa

have baen concerned with tensile strength properties, work-harden ing

behaviour, evaluation of 'themal* and •athermal1 components of flow

stress and, thermal activation parameters. Intersection of solute-

induced 'forest dislocations" has been found to be the rats controll-

ing mechanism in low teoperata-ce deformation. Cottrell's elastic

interaction appears to be effective in dislocation binding at higher

temperatures. TEH has shewn ample evidence for large scale disloca-

tion tangles in hltfi concentration alloys.

Portevin-Ie Chataller effeot has been observed during

tensile testins of Ni-1$Ti alloy in the temperature range 275-45O*C

at strain rates varying from 2.62 % 10 Bee" to 2.62 x 10 seo .
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The results are quite interesting as these provide evidence for
application of the dynamic strain ageing model for serrated yielding
in nickel-titanium alloys. The studied yielded an activation energy
of 0.99 eV far migration of titanium in nickel.

(iiO Ifeutron-irradiation Strengthening in Nickel Alloys
(B.i). Sharma and M.K. Matt a)

The effect of neutron irradiation on tensile properties
of Ni-1#T1, Ni-55lri and rK-8̂ Ife alloys has been invsstisated in the
temperature range 77-406*K. Strength parameters, work hardening
rateB and thermal activation parameters for low temperature deforma-
tion of irradiated alloys have been investigated. The irradiation

hardening in alloys if found to follow ( ^ O l r r = ^ r ~ 3 o l n +

relationship. Analysis of thermally activated deformation parameters
has shown short range obstacles of S^(a*)ci 5»0 eV to be rate controll-
ing in irradiation strengthening.

(lv) Hadiation Hardening in Iodide and Sponge Zirconium
(}*.£. Sharma, M.K. Blatta and I.S. Batra)

The temperature dependence of flow stress and i ts strain
rate sensitivity have been investigated for iodide and sponge zirconium

i 8 2 1 ft 2
neutron Irradiated to different doses in 1.0 x 10 n/cm - 6.5 x 10- n/cia
range. Studies on unlrradiated metals have shown P.N. force to be
rate controlling in low temperature deformation of iodide zirconium,
and dislocation-pinning by oxygen atoms in the oaso of sponge zixoonlum.
The effect of neutron irradiation on thermal activation parameters is
seen in reduced-Aft* values with neutron dose for iodide zirconium j there
la almost l i t t l e Influence in spong; ziroonium*

The dose dependence and temperature dependence of flow stress
In irradiated zirconium of both iodide and sponge purity, follow Seeger'e
hypothesis predicting (&O vs (fJ.t)* and ( 4 O 2 ' 5 11T2^ relationships.

The effect of neutron irradiation on Hall-Petoh relation-
ship for eponw zirconium has also been investigated for different
temperatures. %utron irradiated specimens followed the Hall-Fetch equation
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for low neutron doses, but at elevated teaporatures 'armalous'

resultB were Been.

(v) Quench-harden ing and Quench Irradiation Hardening in
Zircaloy-2 and 2r-1?&l Alloys
(U.K. Matta and I .S . Batra)

The low temperature deforroatlon of as-quenched and
quench-irradiated zircaloy-2 and Zm-V/o Al alloy has been investigated
in the temperature range 77-400°K. The flew stress temperature and
strain rate sensi t ivi ty studies have teen used to evaluate 'thermal'
and 'athermal1 components, and theunal activation parameters. Though
both quenching and irradiation increased yield stress values substan-
t i a l l y , the relative changes in activation area values were quite
snai l , suggesting that long range, quenohing stresses retained in
the matrix have a stronger role to play in the strengthening process.
The rate controlling mechanism in low temperature deformation i s
inters t i t ial-dislocation interaction,

(vl) Swelling Behaviour of Irradiated Copper Boron Alloys

and Growth of Gas Babbles

(G.P. Tiwari)

The studies on nucleation and growth of gas bubbles in
neutron irradiated Cu-Boron alloys have been continued. Metallographic
examination has revealed ample evi&noe concerning various stages of
bubble grnrth. To begin with, bubbles grow individually unaffected by
the proximity of neighbours. The next step is growth by coalescence,
when neighbouring bubbles join up to form bigger bubbles. The driving
force for this type of growth is visualised to be the increase in the
entropy of gas present inside the bubbles. The free surface and grain
boundaries act as important vacancy sources for the exchange process
contributing to th i s type of microstructure.

2.3.3 Solidification Texture in Splat-cooled Alloys

(P.K.K. Ifeyar)

Studies on solidification textures in splat cooled metals
and alloys have been continued* Some interesting results on Al, Bi, C.
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Fb and Zn .were published during the year. It is to be mentioned
that this aspeot of splat oooling has received practically l i t t le
attention in the past.

2.3.4. Computer Based Research
(S.K. Khara)

A computer programme to facilitate the analyses of SAD
patterns from intermetallio compounds of two or three element3 has
been developed} the programme being applicable to all crystal systems.
By using it any zero order laue zone, reciprocal lattice section
corresponding to a given structure can be plotted directly by the
computer. In addition, the interplanar distances and relativistical'ly
corrected values of structure factor and extinction distance for any
Bragg reflection can be calculated.
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3 . CORBOSION AHD EÎ CTROMETALLURGY.

The Corrosion and Electrometal lurgy Sec t ion has continued
Its activities on the development of oorroaion resistant muterlalB
for high-temperature high-purity water and for sea water applications.
Stress corrosion oraoking of zirconium alloys in iodine atmosphere,
basic studies on corrosion in high-temperature high-purity waters,
electroplating of metale and alloys, electroplating of composite mate-
r ia ls , electrowlnning of cobalt rare earth alloys and hydrometallur-
glcal leaching of metal values from nickel and copper concentrates,
formed the active part of the programmes* The Section has also oarried
out various consultancy services and rendered assistance In failure
analysis studies.

3,1 HIGH TEMPERATURE CORROSION STUDIES

3 .1 .1 Oxidation of Zr-Hi a l l o y s
(H.S. Gadiyar and S. Chakravarty)

In comparison with several Zr-baee a l l o y s such as Zr-W>,
Zr-Cr and other a l l o y s , corrosion s tudies of binary Zr-Ki a l l o y s
containing 0*1 to 2 .0 wt./6 nickel have been carried out In high tem-
perature water at 360*0, steam at 400 and 55O°C and oxygen at 600*0.
ThiB study w i l l a l so throw BOOS l i g h t on the b e l i e f that n icke l addi-
t i o n t o elroonium a l l o y s would cause considerable acce lerat ion of
hydrogen absorption of these a l l o y s . In high-temperature water, early
oxide spa l l ing was observed on a l l the a l l o y s and the hydrogen absorp-
t i o n was nearly 100j£ of corrosion hydrogen in several c a s e s . The higher
the n icke l content In the a l loy the more was the amount of hydrogen absorbed,
This increased hydrogen absorption has been attr ibuted t o the metal l ic
surface a c t i v i t y of n icke l * i e h g e t s concentrated a t the oxide surface
during corrosion. In steam a t elevated temperature*, the corrosion
r a t e s are low due to * n icke l enriched layer near the metal/oxide I n t e r -
f a c e . But again the oxide grown i s prone t o early s p e l l i n g . This has
been correlated with the d is tr ibut ion of hydrides in the metal matrix
and the type of cracks fonned at the metal/oxide interface*
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3*1*2 Effect of ion implantation on the corrosion resistance
of zircaloy-2
(H.S. Oadiyar and 5. Ohakravarty)

The teohnique of ion implantation has been recently gaining
importance as one of the corrosion preventive measures. Tubular ziro-
aloy-2 specimens were implanted wiJ,h argon ion at Nuclear Physics Divi-
sion to have a thin affected layer on the surface. These were corro-
sion tested in pressurized water at 5O0°C with a view to assessing the
effeot of ion implantation. The control specimens showed weight gains
of 14 mg/dm after about 700 hours of exposure while the implanted spe-
ciinens showed weight gains of about 24 mg/dm . This indicates that in
these periods of exposure the effect of ion implantation ie not pronoun
oed* Similar results were obtained also in steam at 450°C. Further
work is in progress with a view to Implanting F* and/or Cu ions on the ; ur-
faoe and testing for the performance of these ion implanted specimens.

3.1.3 Corrosion of zirconium alloys under dynamic conditions
(H.S. Gadiyar, S.V. Phadnlo and S. Chakravarty)

From the static corrosion studies on a variety of zirconium
alloys in water and steam at temperatures from 300 to 5O0°C, i t was
earlier shown that additions of Nb, Pe, Cr and Cu as alloying element*
to Zr Improve the latter'a corrosion resistance. To extend the
study to dynamic conditions in flowing water, several alloys were ex-
posed la a dynamic corrosion loop containing high temperature water at
550°?, flowing at a rate of 7 - 0 ft ./sec at a pressure of 1200 psl.
This loop i s located at aid operated by the Reactor Engineering Divi-
sion*

Upto a total exposure of 3040 hours, the weight gains ob-
tained on slroaloy-2 and the experimental Zr-0.5 Hb-ICr alloy are oon-
parable indicating equivalent corrosion resistance under dynamic con-
ditions also. The binary alloys like Zr-Jfb and Zr-Cr, however, had
higher weight gains than siroaloy-2. The exposures are being continued.
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5*1.4 Magnetite coating on mild steel in high temperature water

(H.S. Gadlyar and S. Chakravarty)

It has been shown earlier that a protective magnetite ooating

ferns on mild steel when it is exposed to high temperature water at a

pH of 10.5. This work has been continued in order to study the long

term stability of the magnetite coating to determine the corrosion pro-

duct transport to water and to study the effect of dissolved oxygen In

water on the protectiveneee of the magnetite coating* The initial studies

were carried out at a pH of 10,5 and temperature 600°? with 4 ppm of

dissolved oxygen* The magnetite formed was adherent end protective and

had an average thickness of 1*9 microns* The base metal corrosion rate

was high in the beginning and considerably reduced towards the end of

about 127 days of exposure. Further experiments are in progress to de-

termine the effect of oxygen in the environment on the protective nature

of the ooating*

3.2 CORROSION OF ZIRCONIUM AlftOTS IV IODINE ATMOSPHERE

3*2.1 Stress corrosion craoking in iodine vapour

(X. Elayaperumal and O.C. Palit)

It has been reported earlier that annealed zircaloy-2 is

Busoeptible to stress corrosion cracking in methanol - iodine solutions

when stressed uniaxially to a level of 75$ of 0.2& yield strength. This

iodine stress corrosion cracking study has been extended to the actual

fuel cladding zirc&loy tubes. The RAP? type fuel tubes were obtained

from HFC through PPED, Rings cut front these tubes were stressed beyond

yield strength either by a tight fitting mandrel or by forcing

a wedge on a slot made on the ring. These were exposed to pure iodine

vapour at 300*0* The results to-date indicate that stressing either

by mandrels or by slotted ring dot* not lead to cracking even at high

oonoentration of iodine (about 30 mg/da ). However, in the presence of

a oatalyst vis. steel wool, the slotted lircaloy rings were found to be

embrittled after exposure to iodine. These embrittled specimens could

easily be out by manual bending* Apparently the occurrence of stress
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corrosion cracking requires very specific type of stress and looa-

lised concentration of iodine. Further experiments are In progress

to arrive at the conditions which will lead to cracking* and to exa-

mine the crack pattern by microscopy*

3*2.2 General corrosion of slrcaloy-2 in Iodine

(K. Elayaperumal and G.C. Palit)

Sometime during the middle of the year, i t was reported that

Iodine activity in TAPS reactor water showed a considerable increase

above the normal values. With a view to examining the possibility that

the general corrosion of zircaloy-2 cladding with fission generated

Iodine 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 corrosion of ziroaloy-2 tubes in iodine vapour* Weighed zircaloy

rings cut from the cladding tube were exposed to iodine vapour at 300*0

for a long time. The corrosion products obtained were dissolved in

water which was later analysed for zirconium and iodine. She 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 to violet

Indicating the full release of iodine* In the acid solution a l l the

reacted zirconium and iodine end up in the solution whereas in the alka-

line solution (pH a 11*5 by adding liOH), the amount of zlrconlua 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 Blowing increased activity of iodine did

not indicate any appreciable quality of zirconium* i t Is possible that

corrosion of Biroaloy with iodine may also be one of the causes of In-

creased iodine activity In the reactor water*

3.3 CORROSION 0? MATERIALS IN SEA WATJEH AND SAUT WAMR CONDITICBS

3.3 .1 Corrosion of Al-Mg a l loys

(H.S. Gadiyar, N.S.B. Elayathu and T.F. Jos h i )

Al base a l loys are of Interest t o desal inat ion appl icat ions

because o f t h e i r good thermal conductivity, greater a v a i l a b i l i t y
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good corrosion resistance in ttie neutral pH range. However, their
use will Involve careful design and engineering particularly to avoid
pitting and galvanio corrosion. In this connection, studies on the
corrosion hehaviour of Al-«g alloy* containing 1.0, 3*5 and 7*0 wt.#
Vg have been carried out in ambient: and boiling 3*9^ HaCl solution,
long term exposures (upto 400 days) at rooa teaperature have indicate
low corrosion rates (about 0*1 nipy) and absence of pitting on a l l th<-
three alloys. In boiling solution, the corroBion rates were higher
(1,1 mpy over 200 days for 75̂  1%; 1*7 aqpgr over 544 days for 3.9S& Mg
and 3.0 mpy <»Ter 370 days for 1# Jfe alloy). Pitting and orerice offo; >;
were predominant on the \$> Vg alloy while they were less severe on Sir.
alloys of less .. content. The results, thus, indicated satisfactory
corrosion behaviour of the ff> and 3.5^ V% alloys both in ambient and
boiling HaCl solution*

3.3.2 Corrosion of copper and titanium alloys
(P.E. Sfaibad)

In a programme to determine the corrosion characteristics or
Cu-baee and Ti-baee alloys to salt water systems in desalination servi 9,
two new materials were tested in the laboratory under conditions repr-
senting those existing in desalination mrstema. These are a Cu-base
alloy containing 95̂  Sn and 2# Al and a Ti-23? Mo alloy. The choice of
the two alloys lfl based on the published infonnationa on sea water cor o-
sion rates of similar alloys. These were tested for 15 days in synthe-
t i c sea water and also in jf> NaCl solution and the effect of pH, tempe
rature and stirring has been studied* The results indicated the folio;ingt-

Seither pitting nor any other localised attack was seen on
the Cu-base alloys. The rates of the Cu-base alloy are generally low »nd
within the normally acceptable limit of 5 VPf» However, the corrosion
rate was quite high under acidic conditions which might develop under
crevices. Hence, the performance of the Cu-base alloy is not acceptable.
The Tl-Bo alloy i s very resistant under a l l the conditions tested. These
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laboratory results wil l be compared later with ihe results obtained
by exposing these specimens to flowing sea water In a loop operated
by Reactor Engineering Division in CHUJS jetty.

3.3.3 Corrosion of Cu-AlgO and Hi-TiC^ composites in salt water
(P.E. Shlbad, M. Totlani and M.N. Joehi)

The composite materials Cu-Al 0 and Jli-TiO were obtained

In the laboratory by electroplating of copper and nickel in conven-

tional baths which contained a floe dispersion of alumina or titanla

particles. In addition to testing their strength, hardness and con-

ductivity, their corrosion resistance in salt and sea water conditions

was also studied. Both the 3S& HaCl solution end synthetio sea water

were used. She results Indicated that the corrosion rates of the dis-

persion hardened composites are not very much different from those of

parent metal. The composites were examined metallographies! ]y before

and after corrosion and it was observed that the interface between the

particle and matrix is probably corroding preferentially giving rise

to slight weight loss in extreme conditions. It is, thus, seen that

the addition of oxides to increase strength does not affect the corro-

sion resistance appreciably.

3.4 BASIC STUDIES ON CORHOSION

3.4.1 Studies on the mechanisms of oxidation of zirconium alloys

(H.S. Gadlyar)

The transition observed during the kinetic studies on corro-

sion (which generally represents the break-down In the protective nature

of the oxide film) has been earlier explained as due to an oxide re-

orientation process and development of texture in 20§ plane. Benefi-

cial effects of 7e, Cr and Cu have been observed during oxidation la

high temperature steam environments above 400°C. This aspeot has bean

correlated to the redistribution of the second phase in the oxide layer

and metal/oxide interface using electron mloroprob* analyser. An
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enrichment of these alloys haa been oboorved near the Zr/ZrO inter-

face* Thia acts as a barrier for the decreased corrosion ra tes .

3*4.2 Effect of environmental nitrogen on high temperature
cotToaion resistance of aJbrcoulum alloys
(H.S. Gadiysr arid S>V- Phadnis)

The presenca of nitrcfieti In the envlronnujnt can caue^ dele-

terious effects on the corrosion resiotexice of Bireonlum aJ.?.o>j,

th is in view, a few zirconium alloys (binaries with i ' i , Sn» Ox- *•;;

zircaloy-2) were exposed to the comma roially pure nitrogen at a , e ; - .

rature of 600°0. It was seea that environment nitrogen acceliira;-.

oxidation of zirconium alloys, alrcaloy-2 baing particularly stffeoi=i"i

at this +eraperature. Thia effect waa found to be leas for Zr-1fli a-.u

Zr-ISa alloys particularly duriog the in i t i a l pre-transition oxit-.-.i. •:

She situdy Is being extended to nitrogen - saturated aqueous asdimf. -•

3«4»3 Prevention of stress corrosion cracking of zlrcaloy-2 in

nwthanol/iodino solution

(K. BlayaperumaX and G.C. Palit)

Annealed zircaloy-2 has been earlier shown to be susceptible

to strees eorrosion cracking in methanol/iodine solution* Atteopts h

been made to prevent stress corrosion cracking by adding water su "..

inhibitor to the methanolic solution. She times to failure of acneilo:

tensile specimens stressed uniaxially to 75$ of O.J?S Y.S. in methanol/

iodine solution at room temperature have been determined as a function

of added water. Complete immunity to SCC was achieved at 15$ water.

Ijynamic stress corrosion tests in a .ensile testing machine also indi-

cated the same effect of water. El ctrochemical measurements on varia-

tion of corrosion potential with time and potentioatatic polarization

characteristics Indicate that water inhibits the anodic reaction by

forming protective passive film*
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3.4.4 Stress corrosion cracking of binary Zr-Fe and Zr-Cu alloys
(K. Elayaperumal and G.C. Palit)

In continuation of the earlier reported study on stress corro-
sion cracking of Zr-Cr alloy a, work has been carried out on the stress
corrosion cracking of Zr-Fe aid Zr-Cu alloys in methanol/faCl solution*
It was observed that 2$ Fe reduces the corrosion rate and the suscepti-
bil ity to intergranular stress corrosion cracking of zirconium. Addi-
tion of 2^ Cu also induces resistance to stress corrosion cracking of
zirconium. The resistance offered by Cu i s more in degree than that
offered by Fe. Unlike Zr-2# Cr alloy, the Zr-2# Fe alloy has no duplex
euteotoid structure at the grain boundaries. The intencetalllo
Zr?e_ globules are distributed at random in alpha phase matrix. This
nay be the reason why 2$ Fe in zirconium does not induce complete res i s -
tance to SCO. Further experiments are in progress to explain the diffe-
rent effects of Fe and Cu.

5.4.5 Pitting of zlroonium in ohloride solutions
(K. Sleyaperumal and S.S. Chouthai)

In order to characterise the pitting tendency of zirconium
In the presence of chloride ions and to compare this tendency with that
of stainless steel, basic electrochemical investigations were carried out
on zirconium while exposed to aqueous solutions of chlorides and sulphates.
Preliminary results showed that pitting of zirconium occurred in sulphuric
acid solutions containing certain amount of chlorides either as HC1 or
fe&_ and that addition of oxidising sulphates such as cuprlo sulphate
and ferrio sulphate prevented pitting. In the electrochemical studies
oritloal break-down potential In a potentiostatic anodic polarisation
outre la takan as a measure of the pitting tendency* This was measured
as a function of the ratio So"/Ol~. The results showed that sirconlua
i s having high pitting tendency in a neutral chloride solution and that
addition of sulphate increases the critioal pitting potential to more
noble values indicating increased resistance to pitting. This i s
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indicative of the increased stability of the paooive film in high

eulphate solutions. The exact relation between the chloride ion end

the required sulphate ion to prevent pitting Is being compared with

the one available for stainless steels.

3*4.6 Measurements of pitting tendency on Al-l̂ g alloya

(H.S. Gediyar and V.P. Joshi)

Electrochemical polarization studies have been oarried out

on Al-ijg alloys in 3.4$ NaCI solution for determining the corrosion

potential, breakdown potential and the protection potential against

pitting BO 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 potentials we?e either close

to corrosion potentials or even slightly more active showing that the

alloys are in the possible pitting region. This corresponds with the

simple Immersion tests on these alloys which have shown pitting to

occur generally at the boiling temperature but not at the room tempe-

rature.

3.5 CONSULTANCY SERVICES AND ASSISTANCE

The Section ha* continues its services in the ftrm of oon-

sultanoy and assistance to the various units of BAB on corrosion and

related problems. Some of these are briefly described below.

3.5.1 Services to ERSVAC

The Section is represented in PRKVAC (Power Reactor Water

Chemistry Group) which undertakes research and development activities

In connection with water related problems in the various power sta-

tione of DAB. During the year under consideration the following

five reports have been sent*-
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1» A report on the general corrosion of zircaloy-2 in

iodine to explain the reported excess iodine activity in the TAPS

reactor water* This report was based on the work carried out in

the Section (Please see item 2.2) - (K. Elayaperumal and G.C. Pal i t ) .

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

3. Corrosion of carbon steel in high purity high tempera-
ture water in relation to dissolved oxygen - A literature surrey
(H.S. Gadiyar).

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

3.^.2 Inhibition of carbon steel corrosion in fresh water
(K. Elayaperumal, H.S. Godlyar 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 oorrosion of carbon steel in flowing fresh
water. Attempts were concentrated on finding a suitable non-toxic,
non-foaming inhibitor which can be separately handled In fresh water
systems* By acoelerated laboratory test , i t has been found that a
mixture of zinc sulphate, sodium di hydrogen phosphate and eulphamle
acid is effeotive In reducing the corrosion rate by about 99f£ at a
total concentration of 60 ppsu

3.5.3 Intergranular corrosion testing of Type 3161 S.S,
(K. Elayaperumal and V.S. Joshi)

In' response to a request from an Engineering firm in Bombay,
a set of investigations was oarried out in order to oheolc the inter-
granular oorrosion susceptibility of Type 316L S.S. with which the
firm was fabricating an equipment for manufacture of chemicals. The
teats were carried out according to the standard ASTlt specifications*
the supplied steel was found not to be susceptible to intergranular
oorrosion.
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3*5*4 Metallographic testing of Cupro-nickel tubes
. (K. filaynperumal and V.P. Joshi).

In response fco a request from a Petrochemical organisation*
oupro nickel tubes of composition 70 Cu-?0 Hi were aetallographicaliy
examined to determine whether th<? tubeo wore In the annealed condition
or in the cold rolled condition. Th? examination revealed that the
tubes were partly annealed*

3.%5 Corrosion t^Bting on Tfoiwl tubas
(H.S. Gadlyar)

Some accelerated corrosion tests were carried out on Monel
tubes received from Atomic Fuels Division. These tubes had sons
scratches on the outaide surfaces introduced inadvertently during
fabrication* The tests were carried out in order to ass whether these
scratohea affect the oorronicn behaviour. The test environment was
disti l led water containing 500 ppm chloride at a temperature of 310°0
and under pressure of 1430 P&i <u>d the period of exposure was 45 days.
Examination of the corroded a peclmens indicated that the corrosion was
uniform through-out and that the scratches had not affected the corrosion
behaviour*

3*5.6 Chromium plating or, the metallic seal of R-5 guide tube
(A.K. Grover)

In response to a request from R-5» 'preliminary work on chro-
mium plating was done on Type 304 SS plates prior to actual plating
on the metallic seal of R-5 guide tube* The latter i s likely to rub
continuously against the lattice tube because of thermal, expansion or
contraction. It should have good wear resistance and hence chromiw
plating was attempted* Adherent hard chromiua deposit was obtained
in the preliminary tests* The hardness of the deposit ranged froa
Bo 45 to 50. A total of nine metallic seals has been plated and sent
to Reactor Engineering Division for testing their suitability as wear
resistant coating*
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3,5.7 Supply of rare earth metals

(Sohnn Singh and A.L. Pappachan)

The individual rare earth metals like cerium and lanthanum

and also the mixtures of lighter rare earth metals, misch metal, her*

been supplied in response to requests from various research organisa-

tions in batches of 1 or 2 Kge. for research purposes.

3.6 HYMlOMSTAIiURGICAL EXTRACTION OP METAIS

3.6.1 Nickel from Jaduguda concentrates

(M. Totlani, V.R. Singh and S.N. Athavale)

It has bean earlier observed in the teat on acid pressure

leaching that grinding the copper nickel concentrates to finer mesh

(greater than 99$ -325 mesh) enhances the leaching rate at the oxygen

over pressure of 500 psi. It may be possible to reduce this oxygen

over pressure with the concentrates still finer (greater than 99^

-400 me ah), thus relaxing the requirement of high pressure in the ma-

terial of construction. Systematic grinding tests were carried out

with the copper nickel concentrates which was only 16% - 200 mesh. On

a scale consisting of 500 gms of the concentrate (100S& -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 23O°I. Sys-

tematic teBts are in progress to study the suitability of prooeas.

3*6.2 Fluidized bed electrolysis

(II. Totlani and ?.R. Singh)

A programme on the use of fluidized bed electrode in the

recover/ of niokel from dilute leach liquors consisting of nickel sul-

phate has been taken up. Due to the improved surface area to V O I U M

ratio, this system has advantage over the conventional electrolytio

process particularly in the case of dilute solutions through the ab-

senoe at oonoentration polarization. The fluidized bed was made of

niolcol powder of 60 micron size. The preliminary experiments her*
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shown that total output current Is maximum at a bed expansion of 9

to ii$£« With higher fluidization, there Is reduction of current due

to the loss of electrical continuity through the particles. Further

work la in progress to electrodepoeit nickel from the leaoh liquors.

3*6.3 Tungsten from scheelite concentrates

(M. Stotlanl, P.R. Singh and A. Ramasamy)

Studies on the extraction of tungsten values from low grade

scheelite concentrates of the Kolar Gold Field have been continued.

A WO recovery of over 95$ has' been achieved by following the decompo-

sition of the concentrate on a 100 gms scale with sodium carbonate in

presence of silica at a temperature of 750 to 76O°C for 4 hours. Inves-

tigations have also been carried out to separate W0_ by a two phase

extraction in molten state using soluble halide phase and insoluble

alumina-silica phase. A maximum of 5C$ WO, extraction In the halide

phase has been achieved at a temperature of 1080°C from a charge con-

taining 130 gms* of scheelite concentrates*

Studies on the preparation of fine tungsten powder by hydrogen

reduction of W)_ have been completed. It was possible to obtain In the

laboratory very fine tungsten powder with an average particle else of

0.3 micron by following the hydrogen reduction In the presence of hexa-

actne (10 to 12$) at a temperature of 750 to 800°C.

•3,7 • ' EiECiKorairar& OF RARE EAROH METALS

3*7*1 Eleotrowinning of lanthanum

(Sohan Singh and A.L. Pappachan)

Programme on the electrolytic preparation of Individual rare

•arth metals has been continued. Lanthanum metal has been prepared

by fused salt electrolysis from a chloride bath. (4C# lanthanum chloride

In KC1 - NaOl eutectio) at 960 to 970°C. The maximum current efficiency

waa 86$ at a current density of 8.25 amp/dm . The wtal obtained was

of purity better than 97$, the major Impurity being iron*
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3.7.2 Preparation of cobalt-cerium permanent magnet alloys

(SoHan Singh and A.X. Pappachan)

Permanent magriete consisting of alloys of cobalt with various

rare earth metals are several times superior to the conventional Alnlco

type magnets in their resistance to demagnetisation. Work has been ini-

tiated for preparation cf cobalt-cerium alloy from fused rare earth

chloride bath with cobalt cathode in a NaCl-KCl eutectic bath at a tempe-

rature of 960 to 97O°C. Cobalt-cerium alloys bare been obtained la the

molten state at the cathode and collected in alumina crucibles. It was

possible to directly obtain cobalt-cerium alloys with 46.5S cobalt.

The alloys so formed was crushed to micron size and 1B being used for

magnetic studies. Further work is in progress to achieve the right com-

position of the type Co5R by adjusting the geometry of the cathode, tem-

perature of operation and other electrolysis parameters.

3.8 KIECTROPLATIHG OP MSTATS AND ALLOYS

3*8.1 Electroplat ing of boron free nickel

(P.G. Deshpande)

Electroplat ing of nickel i s usual ly done from standard Watt's

bath containing n i c k e l sulphate, n ickel chloride and borio a c i d . Due t o

borio acid in s o l u t i o n , the nickel depos i ts contained t races of boron as

impurity* Since boron has high neutron absorption c r o s s - s e c t i o n , i t

i s an undesirable element when e lectroplated nickel has to be used In

reactor structural par t s . So a new bath has been developed t o get n i cke l

e l eo trop la tes containing n icke l sulphate (300 t o 390 g u s / l ) , Alunlniua

chloride (10 t o 15 gmsA) and ortho phosphoric acid (40^) , keeping the

pH below 4* Thick nlokel e l ec t rop la te s (40 mi l s ) were obtained and

found t o be quite duc t i l e and could be e a s i l y oold r o l l e d t o about

reduction i n th ickness .

I t l a planned t o use t h i s bath t o get n ioke l /n ioke l oxids

composites for MHD'programmes.
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3.8.2 ' Electroplating of Cobalt rwiiganese alloys from fluoborate

bath
(A.X. Grover and John T. John)

In continuation of studies on alloy deposition from fluobo-

rate bath, the deposition of cobalt-nanganeBe alloys baa been taken up.

This alloy has excellent resistance to wear and to high temperature

oxidation* In addition to studying the usual plating parameters, the

•ffeots of addition agents like ammonium selenate, glycino aid citric

•old were also studied* A bath of composition 20 wt.# Mn, Co+Hn 20 gm/l

and containing glyclne, citric acid and sodium lauryl sulphate as anti-

pit agent gara the bast results if operated at pH 3, temperature 5O°C

and current density 8 to 16 amp/da . The maximum Ma content of the

alloy was 11jS. It was possible to electroplate alloy deposits having

thickness greater than 20 microns. The alloy deposits are being evalua-

tad for structure and properties.

3.8.3 Electroplating of composites

(H. Totlani, A. Bamasany and M.H. Josbi)

Blaotrodepoeited composite coatings are produced when insoluble
materials In fine powder fora are kept In suspension in the electroplating
solutions and the electro-deposition i s carried out in the usual way.
Inclusion of fine particles In the electrodeposit makes i t possible to
produce coating with modified mechanical properties and wear and abrasion
izeslstanos. Studies bare been taken up to inrestlgate the eleotrodepo-
sition of OunilgO, and Hi-KiOg composites and to study their properties.

(*) Copper-Alumina

Oopper-alwdna electrode posits are obtained from conventional
oopper sulphate bath containing alumina partioles (0.3 micron) kept In
suspension by mechanical stirring. The micro hardness of the deposits
lnoreasee froa 47 VHH for pure copper deposit to 152 VOT for composite
deposits containing 2.92 mtJj(> Al_0 . The presence of the second phase
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alumina in the copper matrix doea not seriously degrade i t s e lectr i -
oal conductivity* Microscopic examination of the deposit revealed
homogeneous dispersion of alumina la the copper matrix. Corrosion
properties of -these deposits in sea water are being studied.

(b) Nickel-ffitania

Hickel-titania eleetrodeposita hare been prepared from the
conventional Watt'a bath containing titania particles of size 1 micron
In fine suspension, the TiO. content of the deposit increases from
2.95 to 5*36 wt.£ with the Increase of TiO in the bath from 25 gmsA
to 100 gmsA) the corresponding miorohaxdness increases from 195 VHH
to 321 TOT. Oxidation resistance of Ni-fflO^ deposits vaouum annealed

at 650*0 for 1 hour, has been observed to be about 3<$ better than
pur* nickel •leotrodeposits. Oorrosioa properties of these deposits
In various media are being evaluated*

3.9 IBEPARAMOH 07 0MRAWBB A1UMIHA, SILICA AND YTTRU

(P.O. Deahpaide)

Research ana Development work has been undertaken to prepare
•ubHBiozoa grade ultrapur* alumina, s i l ioa and yttrla required for use
in eleetronio industries, Qltrapure alumina (99.999^) has been pro-
duced In the laboratory by treating either Impure alumina or eomaeroial
aluminium metal. The impurities are eliminated as volatile chlorides
either by passing dry* pur* HC1 gma or HG1 and 2 to 3i< HP gas to obtain
the desired purity range. Ibis work i s being done in collaboration
with Chemistry Division. The ultrmpure alumina thus produced has been
palletised at 1500 to 2000 psi pressure and sintered at 1000 to 1400*0.
Their eleotrioal properties are being tested in order to cheok their
suitability as insulators.
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4. CERAMICS

She Ceramics Section la engaged in Beaearoh and Development

activities oa ( 0 nuclear'ceramic materials e.g. UOg. $hO2 DC, BeO

and Boron Carbide, (2) refractory aeraoio materials e.g. Alumina,

HullIta, Zirconla, Zircon and magnesia and (3) electrioal ceramic

materials (bariraMtitanate capacitor and Hi-Zn-2?errlte bodies and

high alumina substrates). The Section also fabricates and supplies

to different users In BAS.C, such refraotory ware as crucibles, boats,

trays eto., of high alumina and zirconiaj and calcium fluoride

oruoibles to the requirement of the Plutonium Plant.

In the investigations carried out on Ruclear Ceramio

materials as DO, and BeO, the faotora such as powder properties and

sintering oyoles that influence the sintering behaviour and resultant

nLoroetructure were established* A method of evaluating the surface

activity and KLnterability of 170,, ponders by the surface adsorption
54 85

of radioactive isotopes such aa Mn and Kb from solutions, was

successfully developed. A method of improving the compactabilitjr

and eliminating the tendency to pyrophorlclty of lower temperature

calcined hi^tHy sintezable powders of tK>2, was developed* The

method consists of exposing the powders for a short duration at

temperatures between 900° to 1000°C for 1 to 8 minutes* In the

development work on high alumina bodies, a 95^ Alumina body was

successfully dereloped having good refractory and electrical

Insulating properties* Mulllte bodies were developed whloh slater

to imperviousnees at tenperaturee In the range 1400° to 1500°0. In

the studies on barium titanate and Hl-Zn-Psrrite bodies, the lnfluenos

of fabrloational parameters and sintering treatments on denslfloatlon,

•lorostructure sad electrical properties has been establlahed*
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4 .1 . HTJCIEAR CERAMIC WfSWLIAXSt

4*1*1 studies oa uOg

Studies oa tbt development of alorostruotur* in sintered W>2«

(H»3. Anaodaa and S.V.K. Rao)

Jn extensive lrwoBtlgation oa the sintering behaviour of IDC
derived TO, P0***** aa4 the factors that Influents* the aloraatruoture
of sintered TO- pellets was oon^ilatta. In thas« stuli«s t TO. powdcra
w«« d«rlT*d for AOT at teoparature* ranging from 400° to 1500°0, and
tha iBflwoo* of Tarlous atoteslng OJOIOB and minor additions men a*
T1O. and T.O. on danatfloatlon and rasultant n&erostructure m*

3h« major findings wer«t

( l ) She BlnterabUity of th» powder* deoreao** a* th*
oalolnation tetaperatur* Inoreasca*

( i i ) la th* oas* of active powders, there la an optlana
alnterlng teaq>erature for eaoh ponder for attaining
highest denolty.

( i l l ) At lower alnterlns teoperaturee* .poroelty la
h*terogeneou837 distributed around th* graina*
and at higher sintering temperature*, mm the
grain growth proceeds* more of the poroeitjr get*
trapped within the grains*

(tr) There la no ohange In th* aloroatruotura of

alntared pellet* when reheated for long soaking
period* at teaperatures lower than th* original
alntering t*agp*ratur*sf however* reheating to
teaperature* higher Vuia the original alnterlng
taaperature* eauaea a •«gi««ft<«""1! laorease 1B
th* grain e lse .

( T ) I t U pesalbla to control the grain else l a
elntered »ell*t* by alnor adaMlaoa au»h aa
» 0 2 or T2 Oj, seat aotlng aa graimgrowth •roaoter*
ani aoM aa iahlMtora.
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It is thus possible to prepare sintered UOg pellets to a stipulated
density ana miorostructura >~ a judicious selection of calcination
temperature aid sintering cycle, and minor additions where permissible.

Based on the experience gained in the above studies, a new
programme baa been taken up to study the dimensional sod microstructural
stability of high density sintered UO, pellets when subjected to retiring
treatment at 1700°C and above, for prolonged soaking periods* These
studies will be useful ia analysing the problem of ia-situ densif loation
of fuel pellets, ae reported in some of the Amerioan ITO'S and BTO'S, and
also in arriving at the parameters to be controlled in the manufacture of
TK). pellets to' attain more stable structures and dimensions*

Studies on characterisation of U0- powders.

(&.P. Tiwarl, N.C. Soni and S.V.K. Rao)

In an effort to develop new methods for characterising TK).
powders for their slnterability, the adsorption behaviour of U0_ powders

54 05 «
In adsorbing radioactive Isotopes such as Ka or mi from solutions
was investigated. It was found that as the oalolnation temperatures of
the powders was Increased from 500° to 1400°C, the amoitat of adsorption
decreased sharply, particularly in the calcination temperature range of
800° to 1000°C. This is In agreement with the findings that, as the
oalelnuion temperature is Increased, the slnterability doorcases* The
sensitivity of this method is being further examined with respect to
Identifying the variation in the activity of powders from batch to batch
- which have b«en manufactured under seemingly »im<iA-r conditions but
which exhibit variation In their slnterability*

In the characterisation of IK), powders,the relation between th*

morphology of ammonium dluranats (ADD) precipitates on the morphology

and sinterability of UO. powders derived from them, has bean taken up

for study* Experiments were aimed at preparing ADU powders of differing

morphology by varying the conditions of precipitation* First a saturated

solution of uranyl nitrate was prepared by dissolving 800 gns of TJ.0 in

•bout a litre of HHOj ( 1:1 ). The pH of the solution was then gradually
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raioed by tho nddition of di l MH OH (i«t) with continuous stirring and
keeping th<« iiolution «t 60°G. Tho f irst batch of the precipitate that
formed around pH 2.5 vms filtered and collected. Subsequently, further
eamplen were collected la the pH rongo 2.5 to 4.5 and 4.5 end above.
Another eernple of ADU was prepared by carrying out the entire precipitation
in one operation. A separate sample of ADII vras prepared under conditions
sinnler to those adopted at HFC i . e . , precipitation from a solution
containing 100 gm of uranium ions per l i tre at 60°0, using di l HH.OH as
precipitant. The morphology of a l l thece ABU sample precipitates after
drying i e being investigated by Scanning Electron Microscopy.

Studies on flash-heating of U02 powders.
(N.C. Soni)

The investigations on tfao influence of flash-seating treatments
on the powder oharaoteristiOB end sintering behaviour of UOg were
completed. It i s known that, the lower the tenpersfcure of derivation of
DO. from ADU, the greater i s the sinterablllty* Powders derived at lower
temperatures exhibit higher specific surface area, poorer oryetallinity
and greater ninterability but suffer from the draw back of pyrophorioity
and poor compactability. In this work, UO. powders were prepared from
ADD by reduction at 500°C and jftash-4ie&ted at tes^eratures from 900°C tv

1400°0 for short durationti. The beet results were obtained at flaeh-
heating temperatures In the range 900°C to 1000°C for 1 minute. It Is
observed that by flach-fceating, ( l ) the powder density as weight per
unit volume increases, ( i i ) tha surface area decreases ( i l l ) surface
oxidation at room temperature 1B minimised (the D.T.A oxidation profile
shows a gradual increaoe in teapcratura of D»0 formation with -flio
.Increase in tewpsrsture and tin* of flaoh~heating) (iv) the poor
crystallinity of the original ponders i s retained an revealed by X-ray
diffraction patterns, (v) the einterability i s preserved and (vi) the
compacting behaviour io invroved. It is also obnervsd that by flash-
heating, the optimum Bintering temperature reng* Is widened which Is a
very beneficial factor in sJntcrirg the pellets in a production scale,
as th« rejections <lu« to cvei-flring or ucderfirirg become less*
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Studies on electrical conductivity of sintered TOg
(P.K.Agnlhotri and P.V. George)

Aa minor additions are team to influence the sintering

behaviour of 00-, a wider range of additions consisting of both w t a l

and natal oxides was chosen and incorporated in W>2 derlred tvm AOT

at 600°0 in amounts from 0*01 to 0*1 wt?>« These consisted of f iat

powders of Ta, Zr, I I , Ho, Al, Cr and a b ^ and SlOg. Ihe cold-pressed

compaots of U0_ with tho respective additions were sintered in hydrogen

atmosphere at 1500°C for 2 hours? The a l tered densities and eleotrioal

conductivity Tallies off a l l the Bpeeinens were determined. It was

observed that the conductivity was sigtti£ioaatly jUnflueoaod. to different

extents with different additions* Additions auoh as Ti, Ta, TiDg and

R>20 caused a substantial deor*ae« in oonductiTity vAxerew a slfnifloant

increase was observed 3n the oas* of Or addit ionsc Tha distribution of

the ninor additions In tho structure - whether It la uniform or

segregated around the grain boundaries - i s bsing inrestlgated by

Xleotron Mioroparobe analysis to eraluate the Mohanlaa by which the

cenduotiTity Is influanced.

She tafluance of non-etoichiometry on the electrical condoetlTity
of sintered TO. is beint, Investigated. For ta l e , 92^ T.*U. OD pelJets
were f irst fabricated from the. 600°0 reduced 0D2 powders froa AOT by
sintering at 15006G for 2 hrs* Those mre then refIxed at 1400°0
for 1 hour In different atmospheres a* purified hydrogen, mixture of
argon and hydrogen, argon, mixture of argon and a ir , and In VSOUUB,

to orea&e different extents of nonstoiehloffletry. Representative •••pies
of retired peXLeta are toeing analycmd for o/u ratio* «tA th* jfeoto «laxo>
graphs of the corresponding sintered sptolams were taken* The
eleotrioal oonduotivlty values of the Maples refired In different
ataosphereB were d«texmio»d and the value* obtained ranged from 5,1 1.10*5

to 4*9 x 10~ * These are being correlated with O/tT ratios and
structural changes*
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4.1.2. Sintering studies on Beryllla.
(R.Bhat)

The Influence of minor additions on the sintering behaviour
of beryllla waa investigated. To th» hydroxide derived BeO powder,
additions of Ugp, T102 and *eJ> W a r 0 incorporated separately In amounts
ranging from 0.1 to 1 «rt#. Fe,0* w a e found-to bo most effeotlve In
promoting denslflcatioa acfi further in vacuum sinteringa at 1500°C,
i t was observed that It oen ba substantially eleminated from the Byetetf»
Pellets with 1 wt£ ^»2

03 8 in1'OTe4 t o a d«nBi*y o* 94^ thaoretical at
1400*0 for 2 hours In air* Such pellets were taken and r«-eint*red at
1475°C In vacuum for Boaking periods varied fi>oa 1 to 32 bre. By
raalntering, the density was found to increase to 9$£ theoretical*
Chemical analysis of such pellets revealed that the original 1 vr$
r«20_ content decreased to 0*5^ at the end of 1 hour soaking and in
the next 15 ore* of soaking, the amount decreased to 0*9 wt̂ » When
the BeO pellets with the 1 wt# F e ^ were directly sintered at 1500°0
In yaouum for different soaking periods, i t was observed iheb with
1 ftr BOaKlngf toe ro 2

0
3 COOtoat deor»ae*a to 0*?7 wi^. aad further

to 0*06 wtjt at toe «nd of <5 hra aeaking* The er&poratlon at iron
oxldd was found to depend upon the order of TSOUUM, tdHDerature,
soaking tine and the else or the ooqpaot*

The decomposition, behaviour of some of the beryllium
compounds suoh aa beryllium sulphate and hydroxide waa studied by X8A
and SEA methods In vacuum and air at temperatures upto 1O0O°0. Air
oalolnatlon of Be(OK). showed a progressive loss at weight right from
room temperature onwards indicating loss of associated water* The
deoomposition started at 1B0°C and was oomplete at 295•C. Further
loss of weight observed between 700° to 900°C was attributed to the
deoonpositian of roeidual sulphate present (as tiie hydroxide had
been prepared by preoipitation with ammonia from beryUtun sulphate
solution.) In a vacuum of 1.5 x 1O*3 lorr, the deoomposition wae
found to shift to a lower temperature range of 105°0 to 22540*
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Beryllium sulphate was observed to lose water from room

temperature onwards upto 225°0, where all the four molaoulea of water

of orystalisatlon were removed* The decomposition of this salt

started at 700°C and was complete at 890°C. In the oase of vaouua,

the decomposition was completed at 025°O. Both the compound* of

hydroxide and sulphate showed endothermio peaks in OTA at the stages

of water molecule removal and decomposition.

X-ray diffraction studies were carried out to determine

the oryetalllte size and growth in oase of pure BeO powders as

well as those with 1 w $ addition of JfeO, TiO2 and *« 2°-
 when

oaloined at 900°, 1000° and 1100°C. It waa observed that the

orystallita growth is more significantly influenced by the presence

of VgP as a minor addition* Also, the influence of minor addition

on the oryetallita growth was me significant in the 900°0 calcined

powders and as the oalcinatlon 1 aperature increased* the difference

decreased except in the oaae of 4gO addition*

4*1*3 Studies on boron oarbide

(B.D. Zope)

Studies on the development of high density boron oarblde

whloh is considered for use as control rod material for 7BSB and

R-5 Reactors aro being oarrled out* In these studies* the cold

pressing end sintering of boron oarblde powder aa sucb and with

additives such as aluminium, alumina, silica and oopper (in aaounta

of 1 to 5 wt£) was tried out. Both boron oarbide powder prepared

In the Division by corbothemio reduction and an imported saapl*

of the oarblde powder (E.Merck) were used In theM Investigations.

It waa found that by vacuum sintering at temperature* upto even

aa high as 2100°0 the densities attained were not aore than 75^ 1*0.

When hot-pressings were carriad out. It waa found that In pressings

at temperatures upto 1600*0, no densifioation had occurred* Hot

pressings at higher temperatures will be oarrled out when the

unit beoomes available f tr this work.
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4*1*4 Studies on Mcfaanlam of sintering

(O.K. Erasad)

The studies on the erys ta l l ln i ty aad sintering behaviour

of magnesia powders from hydroxide asd osalate were continued using

X-qragr Bad e lec t ion microscopy. X«rsiy dif fract ion analysis revealed

that when the hydroxide I s oaloined at 400°C, the powder l a

amorphous aad o r y s t a l l i o i t y I s gradually developed as the oalciaafcloa

temperature i s increased* In the case of oxalata f the oxide derived

eren at 400sC was found to be crys ta l l ine .

Cold compacted p e l l e t s of Wgf> derived trans, hydroside and

oxalate by oalolnatlon at 800°C were eintered at temperatures froa

900° t o 1400°C. For ccnnparisoa, pe l l e t s froa fused magnesia powders

were also sintered along with the above. I t was noticed that ^ the

oaee of eanples from hydroxide powders, shrinkage started right :troa

1OOO°C onwards, whereas those from oxalate started showing shrinkage

only at 1300°C» Samples from fused magnesia howerer, eho»ed no

shrinkag* in t h i s temperature rang**

She topographical features of a l l those sintered p e l l e t s wars

studied under the scanning e lectron microscope, She resu l t s showed

that the nualeation and gra in development started fron 1100°C lit the

oase of samples froa hydroxide and at 1300°C l a the oase of ttoone froa

These r e s u l t s substantiate the earl ier findings that aater la l

and sintering i s f a s t er In the ease of amorphous powders

compared t o those that are more crys ta l l ine .

4 .2 STUDIES OR REFHACTOHT CEHAMC MATERIALS

4 . 2 . 1 . St'*iies on

(S.E.

Studies on the development of high alualna oersnics were oontlnued.

The program* oonslsted of doveloplng sintered compositions suitable for

certain refractory sad e l ec t r i ca l application*. These ooapoaitions

bars alphn««luBiua or ooruodua as the prlnoipal crys ta l l ine phase sad
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are bonded by a United quantity of alkaline-earth alumlno-silieats
glassy phase* The aifcaline-earth materials chore' were carbonates
of magnesium and calcium. The alumina content of the compositions
under study i s in the range of 92 to 96.0 per oent by weight*

Such compositions get sintered In the presence of a liquid
phase under non-equilibrium, conditions and therefore the liquid phase
exercises considerable influence on the properties and behaviour of
the sintered product* The distribution and interactions of the
crystalline and the liquid phases in relation to the nature and
amount of the liquid phase were studied using model systems* One
such system consisted of alpha-alumina and magnesium fluoride as
the component materials* A series of slnteringe In air were conducted*
Hicrostructural evaluations are being carried out*

4*2.2. Studies on BfeO
(c.M.Pathak)

The studies on the Influence of the morphology of magnesia
powders on the sintering behaviour were continued. It i s generally
considered that the morphology of the pores In green pellets depends
to a large extent on the morphology and particle else of the powders
used* In these studies magnesia powders of differing morphology were
prepared by calcination of parent compounds as magnesium hydroxide,
carbonate and tannate* These were eold-preseed and the relative
difference In the in i t ia l morphology of the pores in the compacts
and thereon the progressive changes in the pore morphology during
the earlier stages of sintering care being investigated by scanning
electron microscopy*

4*2*3* The development of A]J «nd *fe° Ceramics for JED
(S«K. Boy anfl O.M. Pathak)

A development programme has been undertaken of refractories
required for the construction of an experimental tunnel module for
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are also required to be electric ally insulating.

In view of the extremely high temperatures Involved, ceramlo

materialo are considered most suitable. Out of these, alumina and

magnesia are idontifled and these are required to be fabricated to

certain given geometrical shapes and sintered at high temperatures

around 1600° to 1700"0. Alumina and mecnesia powders derived by

low temperature calcination of suitable parent compounds, no doubt

yield highly ainterabla powders but they would pose a problem of

excessive shrinkage during sintering. Hen^e, it was thought

desirable to baso these bodies on fus^d alumina and fused mqgnesln as

the starting materials. Also in the case of magnesia, fused magnesia

el«aa nates the problem of hvdratlon during slip casting. Trial

bodies have been compounded in •'fclch different amounts of active

(lower temperature calcined) oxl(3ea are added to the fused oxide*

to enhance the slnterabllity and at the same time to keep the

shrinkages within reasonable limits. Trial samples having shapes

similar to the final shapes that arc required were made by slip

easting as well as tamping methods. These were dried and biscuit

fired and finished. The finished pieces are being refired to a

temperature of 1600°0 in the gas fired furnace. The ultimate

shrinkage values by firing at 1600°C are token as the basis for

making the final moulds to fabricate the regular pieces required*

Thie work is in progress.

4.2.4. Studios on i&e development of Mullite bodies

(Pranab Das and A.X. Kulkarni)

In the programme on the development of impervious mullite

bodies, the relation between calcination treatments and formation

of mullite in olay-alunina mixtures has been studied. The Influence

of repeated calcination and grinding of mixtures oalolmd at

tempsrsturvs from 1200°0 - 1500°C for i hour to 4 hours duration

was Investigated to find out the conditions under which the
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formation of mullite phase is enhanced. Minor additions of HgCO^ were

made In some of the trials. It was found that mixtures repeatedly

calcined at 15O0°C and ground attained bulk densities over 99# 5M>.

when sintered at 15OO°C. It is found that for KfeO to act as an aid

In attaining impervlousness. the addition of MgCO_ to the batch is

required to be made upto 2.5 »rt#. Hoivaver, whan the batahes with

such addition are given a higher oaloination treatment (1400° to

150O°C/8 hrs) and sintered at a higher temperature of 1500°C,

bloating occured In the pellets with a decrease In bulk density.

When the sintering temperature is kept at 1400°C with 0 hours

soaking, densities of the order of 95$ could be attained* X-ray

diffraction studies revealed that MgO not only aidea denaiflcation,

but also enhances the amount of formation of mullite phase*

4*2*5 Studies on stabilisation of Zixoonia

(P.Y. Dalvi)

Detailed investigations have bean carried out - using X-ray

diffraction techniques - to study the Influence of amount of CaO

addition and caloination temperature on the per centage conversion

of zirconia from the monoclinic phase to the cubic phase* With

0.2 wi# CaO addition and calcination at 1600°C, the oubio phace

formed amounted to 6%. With 0.5 to 0.75 wt# CaO, and oaloination

at 1200°C, the conversion was 6-9^, and at 1600°C the conversion

was 7-1$. With 5 wt# CaO addition, conversion to the extent of

12$ was achieved at 1000°C, which Increased to 94$ at 1200°G, 9$( at

U00°C and 100^ at 1600°C.

4.2*6 Development of Alumina catalyst carriers
(O.T. Kamat)

Studies on the development of high surface area porous
spheres of alumina to serve as catalyst oarrlers for the Ignition
of liquid propellentaChydraslnej,as required In the space program
were continued. Trial samples developed In the earlier work, based
on alumina derived from aluminium hydroxide were tested and found
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to conform to the specifications* except that they showed delayed

Ignition. In view of this* an alternative method ha* been developed

In which amaoniun alum was taken and decomposed at 1000°C yielding

alumina having specific surface area ae high as 350 a /ga. To Ibis,

30 wt£ Al(OH), was added Intimately nixed, pelletised and sintered at

1200*0 for 1 hour» the sintered pellets were found to hare an opan

porosity of 59$ and a speoifio surface area of about 290 m /gm and

thereby would aeet the specifications. These are under evaluation

for their Ingnition performance.

4*2*7 Development of high alumina substrates

(D.D. Upadhyaya and A.K« Kulkarni)

original hl^h alumina ( 9 $ ) batch containing 90 parta

china o lay , 10 parts alumina and 2*5 parts MgCO. s in ters t o

iqperviousness at 1500°C, whereas at HC0°C a prolonged soaking

period l a required t o achieve the same result* As i t l a intended

t o keep the sintering temperature at l eas than 1500°0, various

additions t o the batch composition were tr ied to inprore s interabi l i ty*

When I iO 2 i s Incorporated to the extent of 2 wt£ on the t o t a l batch,

Japerviousneoe oould be attained at 1400°C with 8 hours soaking* The

observation on the other additions t r i e d as s t e a t i t e (31fe0.43i02»4H20),

Ca?2* liCO, was that they oould not iafluanoe to the extant X10. oould*

As there are applications for «hieh even 9 $ alumina substrates are

adequate, t r i a l s were carried out on developing ttiis body* A baton

composition oontaining 90 parts Alumina, 10 parta ^rrophyll ite

( Al 2 0 3 .4Si0 2 .H 2 0) f 2.5 parts UgOO^ ana 2 wtjt TlOg waa found t o

s in ter to itnperviouaaess at 1400*0/8 hours with a aaooth surface.

4*3* ELECTRICAL CERAMIC MATERIALS

4*3*1 Studies on 5i-Zn-»erritee

(Ram Prasad)

Systeresls studies ware conducted on ferrlte aaaplea of

lip^j^^^SgO^ oaaposltion. These samples ware prepared under

different sintering conditions and bad varying initial peraeabUities

ranging fxoa 360 to 2030. The testa ware oonduotad at roon tesnerature



- 82 -

and «lao «t lower temperatures down to 4.2°K. It was observed that

the ooercive force gradually decreased from 4.5 Oa (for sample with

Initial permeabilityjlil • 360) to 0.3 Oe (for sample withal = 2050)

•a the permeability increased. The relative remaaence also decreased

from 0.5 to 0.33 In the same range. As the temperature was decreased,

an increase In relatlre remanenoe and ooeroire force was observed.

At -196°C, the low permeability aample (jUl • 360) showed a coercive

foroe of 9.S Oe as compared to 1.5 Oe for high permeability aample

(ill • 2O5O)» The changes observed In relative remananoe end coercive

force values with temperature indicate a predominantly aingle domain

behaviour In the low permeability range and a possibility of

superparamagnetie behaviour in the oase of aample with high permeability*

4*3.2 Studies on Barrlum Titanate*

(K. Thlagarajan)

Extensive studies were oarried out on barium titanate prepared

by the direct calcination of the parent compound barium titanyl

tetrahydrate. Theee investigations which essentially were aited at

correlating microstructure and dielectric properties Involved (l) ths

hot-pressing of barium titanate. (ii) the effeot for external D.O. bias

field to arrest son* of the induced polarisations In the direction of the

field, (ill) the temperature variation of dieleotrio properties to study

the phaae transformation from tetragonal to oublo and (lv) high angle

x-ray diffraction to evaluate Internal stresses due to Incomplete phase

transformation. Prom these studies It oould be oonoluded that the grain

boundary has a predominant effeot on dieleotrio properties whan the surface

to volume (of the grain) ratio Is vary high.

4,4. CERAMIC FABRICATION

(B.D. Zope)

Tor the fabrication of beryllia oruolblea based on the

development work earlier oarried out, a beryllia lab for slip-oastlng,

pressing and sintering operations Is being exclusively sat op.

The Ceramics Section has also been fabricating and eupplylnf

refractory itsas as crucibles, boats etc, to different users In BAHO,

including Calcium Fluoride oruolblea for the Plutonium Plant*
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