DETERMINATION OF THE TANIALUMw
ZIRCONIUK PHASE DIAGRAN

by

paniel Fugene Williams

A Thesis Sutmitted %o the
Graduate Faculty in Partial Fulfillment of

The Requirements for the Degree of
KASTER OF SCIERCE

mﬂ' gubject: Nuclear Engineering

Approveds @

Signatures have been redacted for privacy

Iowa State university
of Scelence and Technology
Ames, Iowa

1961



TADLE CF CORIENIS

IBTRODUCTION
APPARATUS AED PROCEDURS
RESULZE AND DISCUGSICH

SRR R |



1
IHTRCIUCTIOR

The constituent metals of tiils ailoy system have only
beon used extensively for about the past deeade although bvoth
have been avallable for a coansiderably longer peried, 7The
first atteapts to isolate sirconium were made by Berselius in
182k, He employed a potassium reduction of potassium
aireonium flucride but falled to obtaln a malleable product,
After soveral Interveaning atiempts wiih alterations of
bBerzelius' method by verious workers, lLely and Hamburger in
191k prepared ductile zirconius by the bomb reduction of
zireonive tetrafluoride with sodium. With the perfeetion of
the Aroll process for the production and the iodide process
for the refinement of zirconium, sufficlent guantities of
high purity metal were made available for nuclear, chemical,
eleetronie and other applications,

The low thersal neutron csplure oross seetion and the
relatively high strength and corvrosion resistance of szireoniun
are properties whieh enhance its spplication as a core
structural and fuel diluent material in nuclesr reacturs.
pecause of its satisfectory corrcsion resistance, zirconium
is used as & container and struetural material in the chemical
industery. Zirconium is used as a getter in electroniec tubes
becsuse of its affinity for oxygen at high temperature, 7IThis
same property prevents the Ligh temperature application of
pure zirgonium and many sireonium alloys in other than an



inert atmosphere,

Ihe discovery of tentalum vas made by Ekeberg in 1802 bug
it was not until about 1905 that von Dolton produced relatives
1y pure and duetile tantalum, The early usecs of tantalum were
as & lamp filament material and as a carbide stabllizing addie
tive in certain types of steel. GOome of the uore recent
applications include chemical containers and process equips
ment, elsetrolytic capacilors, veouwum furnaces and erucible
material. Tantalum must alsc Le proteeted from oxidation at
elevated temperatures,

ihe investigation of the tantalumegirconium system wvas
undertaken as part of a program to obtain information regarde
ing the properties and phase relationships of the alloys of
refractory metals with those having application in nuclear
reactor technology. Fost of the previous work congerning
this alloy system consisted of partisl phase investigstions
and the determinaiion of the mechanieal properties of lue
sirconiumerioh alloys. Anderson, gt als (1) studied alloys
contalning vy to 30 w/o tantalum as part of an investigation
of several sirconium alloy systems. They reported a sclue
bility of about 10 w/o for tantolum in beta zirconium and
virtuselly ne solubility in the alpha phase. The beta selid
solution was reported tc decompose eutestoidally. These
investigators alsc determined some of the mechanioal
properties of the alloys at room tenperature and 650°C,
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Pfeil (2) investigated the hardness and =ierostructure of
several alloys and suggested thmt-mmln
eutectic but that the light phase in the eutecticelike
mierostructure of the intermediate alloys is an intermediate
phase or a tantalumerich solid solution. Litton (3), Keeler
(%), and Chubb (J) conducted separate imvestigations on
sireonium alloys to determine the meechanicsl properties at
anbient and elovated temperatures. Van Thyne and MePherson
(6) repocrted the tensile properties and tentative phase
relationships of sireconiumebase alloys containing up to 20
w/o tantalum, Yrom metallographic observations tiey ccneluded
that the beta phase decomposes eutectoidally at a composition
of about 10 w/o tantalum and that the naximun seolubility of
tantalum in alpha sireonium is less than § w/o. Buelyanov,
&% aly (7) studied the tantalumezireonium system by welale
lography, thermal analysis, elecirical reslstance méasulee
ments, and Xeray diffraction and congluded that the system
is of the eutectis type with limited solubility. Ihe
reported values of the sutectic temperature and ecomposition
are 1585°% and 50 w/o tantalum respectively. The solubility
limits at the eutuotic tempersture were given as 27 w/o at
the zireoniumericn end and 9 w/o at the tantalumerich ende
The beta solid solution 1s reported to decompose eutectoids
ally at 790°C and 13 w/o tantalume
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APPARAIUE AND PROCEDULE
The Preparation of Alloys

laterials

The zirconivm used in the investigation was obtained
from the Atomic rower Division of the Westinghouse Hlectrie
Corporation, The materisl is lowehafnius erystal ber sireo-
niue whieh had been are melted and fabricated into plates.
Corporaticn in the fors of high purity sheet, The analyses
of the materisls are given in Table 1,

Lehbing

Melting was accomplisbed in a non-gonsumable, tungstene
elecirode are furnsce constructed at the Aues Laboratory and
described by levingston and willlams (6), The alloys were
melted under an atmosphere of helium after evacuation of the
chamber to a pressure of less than 10°7 ms g, After aduise
sion to the furnace chamber, the helium was purified by
ingets, Eoth ghapes vere used ln the prepsration of the
tantalumesireonium alloys. Charges containing 70 to &0 grams
of tantelum snd sireonium in appropriate proporticns were
placed in the molds and melted at least six times. The
ingots were inverted after each melting to facliitate mixing
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and promote howogeneity, The butioneshaped ingots were about
1,5 inches in diameter and O.5 ineh thick. The rodeshaped
ingots were spproximately 3 inches long and 0.5 ineh in dianme
eter. The weight loss due to vaporization and splattering
during melting was seldom greater than O.l1 grem whieh would
constitute an uncertainty of sbout 2 O.1% w/o. All somposie
tions subsequently reported are intended compositions on a
welght percentage basis,

Table 1, Analysis of the materials used in alloy

Impurity Concentration in Coneentration in
alement tantalum, ppm sireonium, ppm
Aluminum p—

Sarbon® < 100
gmha _ ———

oW =t o
u.m" tum e éﬁ'é
Figkel e o 20

= ; B
Titanius %‘

P>

87he ooncentrations were deterained by speetrograpghic
analysis unless otherwise noted,

biot detected in spectrograpinic analysis,
Speternined by analytical chemical methods,
W by vecuvum fusion analysis,



Labrigation

The ingotvs were fabriecated intc specimens by several
different means, &imple ocutiling was carried ocut with a
silicon carbide abrasive sew using vater as a coolant.
Haehining operations such as turning, milling and drilling
were successfully performed on all the alloys. The alloys
were reduced to wire with diameters as small as 0,030 ineh
by rotary swaging snd further redusticn was effected by
drawing. 3Specimens containing less than 5 w/o tantelum could
be readily swuged with no special heat treatunent. IThe
remainder of the alloys required atl least one intermediate
sanealing step during the swaging operstion. Only the
internediate alloys were drawn to diameters smaller than
the 0,030 inch obtalned by swaging. In order to prevent
galling during drawing, an oxide coating was applied by
electrolysis in a one per cent scdium sulphate solution
and the wire was then lubricated with tallow, Ihe wires
were reduced to 0,015 ineh diameter by draving. The alloys
were fabricated into sheet with a standard motoredriven
relling mills A band operated roelling mill was used for
ssall sheot specimens and for Fod rolling. Hot swaging and
hot rolliing operations were conducted at £00°C to 900°C with
spoecinens enclosed in airetight steel Jackels which were
subsequently removed by wmashining.
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Helting Point Determinations

The melting polats of the tantalumegirconium alloys vere
deternined with the apparatus described by Williems (9) whiekh
is based on the method of Fireni and Alterthum (10)s This
method consists of heating the bareshaped specimen by its own
reslstance to an electric eurrent earried by watereccoled
copper electrodes and clamps, Heating was carried cut in a
chexber eontinuously ovacuated to a residual sir pressurs of
hnwm"smﬂcg Temperature measuremesis were made
with a Leeds and lorthrup optical pyrometer through a glass
eovered observation port in the top of the chaubers The
pyrometer was focused on a hole drillsd in the specimen %o a
depth greater than four times the hole dlameter. This depth
to dismeter ratic was stown adequate to produce nearly blatke
body conditions by checking the melting points for sireonium,
niobium, urenium and other metals using holes of this propore

The teuperature was increased slowly snd ample time wes
allowed for the specimen %to atialn eguilibrius, When the
teaperature of the speclmen just exceeded its solidus
tezperature, a drep of ligquld formed in the botiom of the
sight hole. This destiroyed the bLlackebody eonditions and
produced & dar: spot in the hole., Temperature measurements
vere oade in the hole and on the surface of the bar lmmedie
ately adjacent to the hole after equilibrium was attalned



following each teuperature lncrease. I1hese mcasurements
provided a relatiocnship between the blagkebody temperature
and the surface or apparent teaperature for the alloy being
tested, As nore liquid formed with rising teuperature the
hole disappeared and only the surface temperatule was measured
until the bar melted completely in two. The surface temperas
ture at melting was corrected for emmissivity error by an
extrapolation of the blackebody vs. apparent teuperature
rolationship which was oblained below the scllidus. The
resulting correceted temperature is only an approximate value
of the liquidus for the alloy. Possible sources of error
inolivde the fact that the bar may fall apart due to lack of
Bechanical strength even though some solid material resains,
in error of opposite sign would be introdused if the surface
tension of the ligquid were sufficlent to keep the bar intact
past the true liquidus temperaturs, The errce due to the
extrapolation of the reletionshlp botween the apparent and
blackebody temperatures past the solidus temperature 1s
relatively smgll for this alloy system since the liquidus
and solidus are separsted Ly & small lemperature difference
over the entire diagram. Desplte the unceriainties of this
method when applied to liguidus determinstions, it was the
most practicable one svallable.

A set of Dauseh and lomb neutral density filters was
used to extend the effective limits of the optical pyrometer,
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The pyrometer and filters were calibrated with & single
filament lacp having a known CGurrentetemperature relationship,
The ealibration curves for the neutral density filters are
contained in Figuve 1,

tleetricel Hesistunce Leterminations

The variastion of eleetricsl resistange of the tantalume
gireonium slloys witu tesperature was lovestigsted from room
temperature to 1800°C. ITwe different meticds were used, cne
for the range from room temperature to 1000% and another for
the 1000°C to 1800°C range. '

in the low temperaturc range, Usshaped specimens proe
pared from O.03 ineh diameter wire were heated in a vecuum
by & resistance furnace, Ammne:m;MSxm“m
Hg was maintained throughout the oxperiment, & direet
current of 50 to 100 ma. was passed through the spesimen and
a standard resistor connected in series cutside the furnsce,
By seasuring the drop in potentisl aeross esch, the curreant
flowing and the resistance of the specimen vere determined,
Platinus wires spot velded to the specimen were used for the
current and potential leads. Teuperature measurementis were
sade with a platinum/platinum-ricdiue thermocoupic welded %o
one leg of the specimens A disgram of the electrical eircuit
is contained in Figure 2,

A potentiometric meti:od was alsc used in the high
temperature resistance experiments but with the following
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wodifications, The specimsen was & straight wire and was
‘heated by ils resistanes to a large direect current. The
specimer was supported by waterecocled copper elecirodes
inside a chamber evacuated to less than 10°7 mm Hg, The
potential drops along & porticn of the wire and across an
external series resistor were measured. From these data the
resistance of the speeimen was caloulsted. Since temperatures
approaching the melting point of platinum were attalned in
these experiments, (.01 ineh diametler tantslum wire was used
to measure the potential drep along the specimen. The
tezperature of the specimen was 'mm with an optical
pyremeter, Since the diameter of the specimen was oo small
to persit drilling a sight hole, the relstionship between
blackebody and apparent tespersture determined for the alloys
in the sclidus investigation was used to correet the cbserved
temperature measurements. IThis seticd of lemperature nease
urement was shown to be satisfactory by using it %o check the
melting points of scme of the elloys,s The heating current
was supplied by a group of storage batteries and was varied
with & series of load resistors constructed of Nichrome
strip. 7The eleotrical eclircult for this apparstus is inecluded
in Figure 3« 7The objeet of the resistance temperature neasge
urements was to locate the phase transformations of the
alloys by observing the sromalies in their resistance curves,
Ho attempt wae made to obtain the absolute resistivity of the



Figure 2.

Figure 3.
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alloys at elsvaied teaperature.

Zireoniun undergoes a contraetion on heasting when
transfomming from the hexagonal to the bodywesnteredecubic
phese. The eontraction produces s sharp break in the thermal
expanasion curve al the transformstion temperature. The eguipe
ment deseribed by Dooley and Atkins (11) vas used to measure
the thernal expansion ib Sthis investization. The movable core
of a linear variasble differential transformer is attached to
one end of a fused sllica Pod the other end of which rests on
the speelmen, Any ehange iu the length of the specimen is
translated into an electric signal by the sovement of the
traneforner core, The auplified output of the transformer is
plotted along the Yeaxls of a Hrown ZeY recorder. Temperature
pessurenents wers made with s Clgomelsilumel thermocouple
attached to the speeimen. The signal from the Vhermocouple
was applied direotly to the Xeaxis of the recorder. Iihe
equipsent was frequently callbrated using the known transe
formation tesperstures of metals sueh &s irem, zireonivm and
wranivme. The maximue error of the diletometer was found to
be less than 10°C, whieh lncludes the error in lesperature
measurement and auy ervor due to the lnablllity to record or
observe the first stages of the iaflectlos i tie dilation
AUV

The apparetus deserived above employs a 2000 eps linear
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arrangement regquires the oxtension of elestrical and mechanical
connegtions through the vecuum chaubor, A VWien Lridge oselle
lator was used to supply the prisary current for the linear
transforser.

4 dilatosetler was conatrueted by the author which alse
used a linear transformer to seuse the thermal expansion but
vith the following modifications. 4 60 eps transformer
instead of a 2000 eps transformer is used tius eliminating
the need for an osclllator., Hegulated line voltage 13 passed
tbhrough a series of dropping resistors and fed directly to
the primary winding of the transformer. Iy varying this
resistance the input voltage can be varied from 2 to 10
volts, The size of the 60 eps transformer is sueh that it
nay be mounted outside the vacuum system. Ihe iren coro is
within the system attached to one ond of o fused silies red
a8 in the Docleye-Atidns apparatus. Ihe secondary voltage of
the 60 ops iransformer 1s reetified with a garsanius dicde
and 1s applied to the Yeaxis of the XY recorder, Ihe specie
men leuperature is measured wiilh a platinus/platinumeriodiva
thermeecuple and is plotted as Lefore on ithe Xeaxls of the
recorder, Ihis dilatometric apparatus is simpler ia
construction and operation. All electronic ccmpolentis Lave
been elinmineted except standard recoriing and temperature
controlling equipment. 1he sechanlcal adjustment of the
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position of the transformer winding is readily made by means
of a mlorometer serew., Complele shielding and grounding of
all components in the 60 eps dilatometer is resuired to pres
veut the interfersnee of spurious signals {rom nelghboring
equipnent,

Mwnmmmmtmmhm
heating and cocling rates as low as asbout 5°C per hour., ihe
upper limit of tie Leating and ccoling rates was fiwed by the
characteristics of the Nurnace sinse the contrelling equipment
eould be set so that the current remained on or off contine
MO

The spseimenesupporting tube and the Fod coinecting the
transformer to the specimen were made of fused silica and were
8o arranged thet any error due to expansion of one would tend
%0 be compensated for by the similar expansion of the others
ihe opersting temperature range of the egQuipsent was suah that
there wers 2o orystallographic inversicns in the fused siliea
members, bHoth dilatometers vere comnegted %o vacuum systeus
wideh mainteined the pressure within the system below 5 x
106 mm Hg during the experiments,

Xefay Diffraction
All Yeray snslyses were performed with filtered copper
Es rodistion from a deneral Flectrie XNDeh generator. Powder
data were obtained with a Phillips diffrectometer and with
DebyeeScherrer caneras. Powder specimens were prepared by
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filing followed by magnetic resoval of any iren contamination
fron the file and then by stresserelief annesling, The specie
mens were prepared from minus 200 mesh particles. Shest oy
small pleces of ingots were suitsble for study with the
diffrectopeter. Solid specimens for use in the powder canerss
were prepared from wire having s diameter of about 0,015 iuech,

All heat tresiment of the specimens was done in a veouum
of ot least 10™7 sm kg, The powders and mn sclid specimens
vere placed in tantalum vessels or wrapped im tantalum foll to
prevent reaction with the furnace tubes, Cooling rates
following heat treatment were varied by eontrelled reduetion
of the furnace current, complete removal of the sasple Gone
tainer from the furnace, or by the simultaneous removal of
the container and admisslon of helium to the chaaber. Massive
specimens were effectively guenched in helium or waler,

The teechniques employed in the Xeray diffrsction studles
vere wmuuni with the secepted preactices for promoting
agcuracy. Secentricity errors vere miniuized by carefully
mounting the speeimen along the cylinder axis of the camers,
Camera radius and film shrinksge errors were eliminated by
enploying the Straumanis film mounting technique. Io minimize
the effect of systematic errors, the lattiee paraseters were
deterained from graphiesl extrapolations of backerefleot

data vs. c0820 or the Yelson-Riley funetion, %(m PRI de
According to Azareff end Buerger (12) the thecretical accuracy
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for the determination of lattice parameters by the powder
petiod is approxisately 1 part in 10,000, From a ccusideration
of the nethods employed, the accuwracy of the latiloe paraneters
gbtained in this investigation is sbout 1 part in 3000,

: Hetallography

Several features of the dlagram were deterained or con-
firmed by metellographic techniques. The metallographie
preparsticn of the tantalumesireonium alloys was in general
difficult and although many varistions were tried, only the
most succeasful method will be described. IThe specimens were
ground on 320, 400, 500, and 600 grit silicon carbide abrasive
papers with water as a lubricant and e¢colant. Intersediate
polishing was done with 19 mieron slumina on a Fueihler
Mieroclots laps Ihe final pelish was effected with O3
mieron alphae-alumina on Hierceloth. The best results were
obtained winen the aluamina abrasive wes applled in She form
of a paste with water, A chemical polish was developed wihieh
was most applicable %o zirconium and sirconiumerieh alloys.
This consisted of polishing as usual to the fizal stages then
polishing with alpha-eluminre and s sclution of amsonium
bifluoride and acetie aecid on Mierceloth. The strength of
the solution was adjusted by varying the amount of water
applied to the lap. Electrepolishing technigues were also
used in the preparation of soue of the speeimens, particularly
thoge quenched from a sclid sclution regione. A methansl,
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etuylene glycoly perchlorie scid electrolyte was found teo be
satisfactory. /o further etching was reguired alter sleetroe
polishing or chemicaul polisblug. For alleys polished by
oriinary mechanical means, the most satisfactery etohant was
a 31l mixture of nitrie aud hydrofluorie acids diluted with
water to varicus strengtis depending on the composition and
thernal history of the specimen. A catucdle etohing apparatus
deseribed by Carlson, @t ade (13) alsc found limited ap licas
tion is the metallographle preparsiion of the alloys.

- Automatls furnsce-gontrolling sad leuperstureerecording
eguipment was used in producing the necossaly heut tWrealment
of the alloys. Ihe metallographic specimens were quenched by
ene of the following methods depending on the specimen foram
and the quenshing temperstuve desired, Is the sapsule
qmu method, small pleces of the ingots or rolled shoet
were wrapped 1o tantalum foll then sealed ln evacuated siliea
capsuless After 'mtw, tos m@nuhm speeizens were
quenched by siuultanscusly dropping and erushing the eapsule
in a bath of cold water. Ihe weticd was limited by the
properties of silica and the opersting limits of the furnsce
tw a saximum tesperature of approximately 1200°C. In a
second meticd using water as a quenchant, very swall specie
mens weres Leated in & tantalum bucket suapended in a vertieal
guarts furnace tubs. After the desired heat treatment, water
was sdnitted by bresking a thin gless plate which forwed the
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botton of & vessel at the top of ths furnace tube, The water
was dravn Papidly inte the previcusly evacuated furnsce tubes
As the gquench was made the furnaoe was lowered from the tube
and swung aside thereby recoving the heat scurce, JHeveral
speeimens eould be quenched at one time and at moderstely
rapid rates. However, the maximuwu tempersturs of operation
was approxiamstely 1000°C due to the limitations of the furnace
end becsuse of the violent boiling at this and higher temperae
tures. The nost repld cocling rates were obtalued by quenche
ing small disneter wires with nelium., The wires were heated
by their resistance to an eleetric current in the apparatus
used for Ligh teuperature resistance measurements and whieh
has been previcusly deseribved, Ihe specimens were quenched
by simultancecusly turning off the electric current and aduite
ting helius to the chamber, GSome alloys were quenched from
a8 high ss 2200° but the majority of the gquenches were nade
in the range from 1200°C to 1800°C. Very high ccoling rates
were ocbtainable with tils sethod, While no actual measure-
ments of these rates were nade, total cooling times of
approximately 3 secomis Ifrom 1L00°C 0 Llackeheat were
routinely observed. Ihe quenching rate could be varied by
emmwamwnmm, ike average specimen
diameter used in this investigation vas approximately 04030
inche



RESULTS A¥D DIsCuUsSICH

ihe Fhase Diagram

ihe phase diagras constructed from the data obtained in
tiis investigation is presented in Figure %, The dlscussion
ef these data will be presented as they apply to the several
significant arecs end features of the disgrem,
ake solidus

The specimens used in the meliing point determinations
- were machined from slabs of the as-cast ingots. Bquililres
tion of the specimens was accompiished during the experiment
by heating slowly and annesling for about 2 hours at teuperae
tures just below the melting point. Hetallosraphic exaninaw
tion of specimens after the melting point detersination
showed that equilibrium had been attained, In general, two
specluens were prepared al each compositicn examined. If the
observed melting points did not agree within experiseatal
error, the experiment was repeated., The resulis of the
melting point detersinations are summariged in Table 24 1IThe
values reported for most of the alloys are the averages of
several deterzinations.

The solidus deereuses slightly from the meliing point of
sireoniusm and passes through a minimus at 1620°C near 2% w/o
tantalum, However, the {latness of the curve in this region
prevented the exaet location of the minimum point. The
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Table 2, Melting points of the tantalumezireonium alloys

Composition ¥elt Solidus u«S‘u
v/a%a asn%w sca g
100 w/e » 1047 g‘o e
o2 nm ; ————
3 o 5 =
1,00 _ Jr—
ey 1107 1EhQ ——
1.2% : 1€, 3% L e
1.50 P——
2, 1058 163; 166
#00 1061 1637 e
10,0 1662 1530 16837
15,0 106 I X oA
i cg : 53t
. I“Z ,
16

1111881 B 5

7

85,0 1129
3“:§ Tk}
0.0 4

"

&the golidus values reported are averages of at mn
three determinations.

bThe licuidus values are considered ouly approximate.
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selidus then rises slowly until a ccmposition of about 50 w/e
tantalum is reached after wuieh s more rapid inoresse is
observed. felatively little separation oceurs between the
solidus and the liguidus curves over the entire diagram., A
maximm difference of about 2009 was ovserved at &0 w/o
tantalum,

In esteblisiing the uncertainty value for the solidus
data the following sourees of error were consldared: the
precision of the optical pyrometer, the uncertainty of the
mothod, and the randos errors of judgment, It vas demone
strated experimentally that the melting point of pure
sireonium could be cbserved within 3 10°C of the accepted
Judgnent errors were fouwnd to be sbout g 5°C from the results
of noeasurements of the fllameni tesperature of a standard
lasp. Thus, for alloys iu whieh & Pelatively large anmcunt
of liguid is produced by s small temperature increment above
the solidus, which would inelude alloys up to about 60 w/eo
tantelum, the total uncertainty in the meliting point
deternination is about 2 15°C. 7The uncertsinty is larger
for alloys with tantalum content greater than about 60 w/eo
becauso the amcunt of liquld produced by a given teuperature
inerement is swaller than in the lower tentalum alloys.
Also, since the melting poinis of the alloys begin to
ineresse rapidly abeve 60 w/o tantalum, the higher range of
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the optical pyromstor must be esployed wilch desresses the
precision of the instrument, 7Ihus, for the rauge abvove 60 w/o
the limit of aseuracy of the solidus is about & 299C, '

4 iz Beaid %

fbove B60SC zirconium exists in the bete of bodyecentered
evhie modification and accordling to Lustman end Kerse (1d) Las
s lsttice cocastant of 3,617 { and an interatomie distance of
3,132 1. Tentalwn Is & Ledyesenteredecubic metal througheut
the entire solid state., MilJer (15) gives a latilee parsacter
value of 3,303 1 and an interatemic distance of 24660 % st
roon tesperature. The swiculated values at B60°C ave 3.322 %
and 2,876 T respectively. The utomic lsmetors of tantalvm
ang bveta sirconiuve 4iffer Ly sbout 8.5 percent sud therefors
nave & sise faetor favering extensive polid solubllity,
Gonsidering the sise feotors, the solubllity parsseters, and
the rel:tive eleotromegativities, ¥iller (15) predlcts tuat
tantelvbepireontvn alloys will snow llguid siseibility,
extensive so0lid solebi ity aud 1ittle tendeagy toward stable
gcnpound formaticn.

In this lovestligstlon, selld sclublility of tautalum ia
bets szirecalom wss fouad to exdst across the eatire dlagPes
at tengerstures just below the selidus, Jhe existense of
thds phase was indloated by the shape of whe selidus aad
substantiated by netallographie iuvestigations Puolomierow

graphe of some of the alloys quemeied fPom the beia Fegion
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are gontained in Figures § through 10, The beta modification
of unalloyed zireonium eculd not be retsined by any of the
queacaing metheds used in this investigation, However, the
beta sclid solutieon of alleoys eontaining sore than sbout 20
w/o tantalum was reteined by helium quenching,

Tenperature-resistance, i-ray diffraction and metalloe
grapuie invesilgations revecled Lhe presence of sclid
lamiseibility in the beta region.

Tie temperatule-resistance cudves are ploited in Figure
314 ey comslist of two linear segments with a sligat but
reproducible infleetion point wnieh was teken ¢ be the
tempersture of the boundary of the immiscibility region.

Aepay diffrsction patterns from a series of samples
muenched from 1300°C and 1500°C siowed two buodyessnteredw-cubic
structures baving different and cunstest latiice paraveters
over & wide composition Prange, thus revealing the existence
of & two phase region exve ding from approximately 40 w/o
- tantalum to 85 w/o tantalum at 130% and from 55 w/e tantalus
to €5 w/o tantalum ab 1500°C, The dats cbiained from these
samples are shown in Jable 3. By plotting the lattice
peraseters as siown in Figure 12, the tantalume-rick boundary
of the monovectoid loop was established as 93 w/o tantalum at
1300% and €7 w/o tantalum at 1500°C. 4 sisilar progsedurs
eculd not b2 fellowed to determine the zirecniumerich



Figure 5. 20 w/e tuntalwm Figure 6. 30 vw/o tantalum
im, irom : quenshed from
200°C, 290, 1700%C, 250X,

Figure 7« %0 w/o tantalum Figure 8. 50 w/o tantalum
Wm wmg
m‘ 2507 « 290X,

The above photomierographs illustrate the beta solid
solution and are typical of the alloys quenshed from thst
region. All specimons wera elsotropolished and eotohed with
an sthanoleetiylencglycoleperchlorie aeld sclutlion.






Figure 9, 60 w/o tantalum quenched from 1800°C., 250X.

Figure 10, 80 w/o tantelum quenched from 1900°C, 250X,

The sbove photomicrographs illustrate the beta solid
solution and are typleal of the alloys quenched from that
regions All specimens were electropolished and eteched with
an ethanoleethyleneglycoleperchloric zcid solution,
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Figure 1ll. 74 veriation of eiecvrical resistance with
inereasing temperature of some tantalule
sirecnius siloys., fUhe inflee¢ticn in sach eurve
is indisative of the boundary nt the monotecteid

loop at that particular compositions
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Flgurs 12+ 4 plot of the lattive ledm
nﬁmm alloys guenched fros
3300°C and 1!
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Table 3. lLattice parsseter data from gquenched allocys

Cemposition .‘l'ru W “m
w/o Ta peir jeia jmir peia
«0 5 G-
5§:8 §§ ?@
%’g‘g . e, ;ﬁ
Vg:tz §:§§ ?g §:§3
- s 3:;;; %y
LR - B
4301 povendi %

= s . T ——— —

boundary beeause it wus ot possible Lo Fetain beta sirconium
upon cuehehinge

vetallographic specimens were prepared irom alloys of a
mmber of compesitions quenched from several lemperaturcs ia
the vicinity of the monotectold loop. The number of phases
pressnt in these specimens was determined by microscopic
exanination aud the results of tulis examinatlion are prescnted
graphically in Figure 13ie The boundary of the monotectoid
loop determined by temperatureeresistance and Ieray wetliods
is also shown in Figure 13 and is entirely consistent wisth
metallograpile evidence. |

Ihe location of the sireconiumerich boundary of the



date . Pegion and the
monotestold loope AR enlar drawing of the
monoLeeloid is inel in Figure 20.

® « Lets s0lid solutien
@ « Getawla plus botesir
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monotestold loop was determined {rom resistanceetemperature
data while the tantalumerieh boundary was located by Xeray
diffrection results. The metallographiec dats confirs the
location established by these sethods, On the basis of these
pesults, the monoteetold leop is believed to exist frem 12
w/c to 95 w/o tantalum at 8O0°C and resches a meximm &t 80
w/e and 1780°C,

The bota solid solution decomposes wenotectoidally, The
ngture and details of tals resction were established Ly elece
trical reslatance, dllatometric and metallographic studies,
hdesistance=Laupors tule ueasurements were used to locate
the tempepature and the extent of the monoteetold horizentals
A sharp decrease 18 cbserved in the resistance of zireonium
as the metal Wransforms from alphba %o beta at 860%. On
continued hegiing turough the bela siate the resistance mgain
inereases. Although the transformation 18 rep<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>