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. LAVES PHASE PRECIPITATION IN Fe-Ta AELOYSV
Russéll H. Jones, V. F. Zackay and E. R. Parker
Inorganic Meterials Research Division, Lawrence Berkeley Laboratory and

Department of Materials Science and Engineering, College of Englneerlng,‘
' ) Univer51ty of Callfornla, Berkeley, Californisa

ABSTRACT
The age-hardening characteristics of iron—tehtalum alloys ﬁave beEn
'beeﬂ studied by means of optical and transmission eléetron micfoscopy,
- ' vX—rayvaiffrection,ieleetron beam micreprobe analysis and scanning electron
microscop&.

. These studies suggest that Fe, Ta is isomorphous with the structure

2

type, Man (C14) and that the compound Fe,.Ta has a range of homogeneity.

2’ 2
The latteryresults correspond with the predictions of the Engel4Brewer.
correlation; .Also; it has beeﬁ found that precipitation occurred in'the
following seguenee: grain Beundaries, dislocation,.then matrix. ‘AV(iIOJa
habit plane is favored for the precipitation of the hexagohal Laves phase v
in iron, but a (lOO)a habit plane was observed in the Fe-Ta alloys inQes;e
tigated. It was concluded that particles with a (lOO)a habit plane fofmed
byban auto-catalytic dislocation precipitation mechénism. |

| Uniaxial tensile tests were made of age-hardenéd Fe-Ta alloye.
Failufe occﬁfred by traﬁsgranular cleevaée which had initiated in the

grain boundary.
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INTRODUCTION

Tﬁé development of iron baée.alloys with é 1oﬁ_all§yf§ontent for
elevated température service is a.desiraﬁle goal.-.An iréh’base:aildy
‘vhardened 5prérticles of an iﬁtefmétallic compound réther than a carbidé
could.possibly'héﬁe useful loy'témperaturé‘or elgvétediﬁempératﬁre proper-
ties. It is known thatvinterstitiai elements in iron réisethefduéti;e-
'britfle transitién, so an iron base alloy with low carbﬁﬁ,_nitrqgen aqd
oxygén contentsvpoﬁid'have good:ductility aﬁ low tempe;atures. Also, an
intérmetallic;compound wbuldvhave greéter stabilify at'ele§ated temperéQ
turgé than a carbide. The Laves phase is known to be'é hard.éompound
vwhich would be an effective obstacle #o dislocatibn_moﬁioﬁ.v'However, the
agevhardening characteristics of iron base alloys”hardenéd_primarily by |
the;Lgves phasé;have not beén‘fully detehnihed; Precipiiéﬁidn of the
Laves phase from-Supéfsaturated ﬁ—irénhin the Fe-Be, Fé—Nb; Fé-Ti and
Fe;w systems has.been revieved by Hornbogen,l and a reéenf;inveStiéationQ
of ﬁhe Fe-Mo system shoﬁed thaf FegMo was.the sféble phaseiin équilibrium
witﬁ d—iron‘uplto abéut 950°¢C. Laves phase ﬁrecipitation from a-iron
supgrsaturated with tantalum,ha§g not been reported; ﬁbwever, precipita-
tiéﬁ in the Fe-Nb:system, which is similar, has been studied byrSpeich33

The ability 6f a second phaée»to.impedé dislbcatibn'métion,resﬁlts

in Orowan type'hardening when the interparticle spacing is greater than

some critical value. The flow properties of the particle are also. impor- -

~ tant because the stresses resulting from dislocation tangles,around'the
particle can _cause fracture or flow in the particle or possibly inter-

facé failure. The Laves phase has generally been characterized as a

S



microhardness indention in the Laves phases Fe

ing this system, the attractive properties of the Fe
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brittle compound. However, studies by G. Sasakih of the region around a

Ti, Fe Zr

Nb, Fe 5

Ta, Fe

2 2 2

and Feer'have shown Fe

2Ta to be the most ductile of these compounds.

Thé cqmbination of a secoﬁd phase which ﬁill:impeﬁe.matrix dislocatiéns.
but %ili flow rather than fracture.at hiéher stfessilevels‘makes the
Fe-Ta system_look.attractive as an age hardening éystem.

Structural studies of precipitation in the_Fé%Ta system have been
undertaken because of the small amount of information available concerﬁ-

2Ta compound, the low

alloy contents required for hardening, and the oxidation resistance

imparted by the tantalum.
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EXPERIMENTAL PROCEDURE -

‘ The alloys for this stud& were prepared from 99.95% purity electrof

lytlc iron and 99.9% purlty 0. 187Sin dlameter tantalum rod. The alioye
were melted and cast in a vacuum 1nductlon furnace under an argon atmos—
phere. The 1,250 in; ‘diameter ingots were form rolled at'?SO C into \
O.50yin. équare'rods. Specimens enéapsulated in quartz and solution
treated at 1400°C for l hour were brine quenched and subsequently aged
'in a molten salt bath

Hardness tests were made with a Leitz Mini load hardhess tester’
using a Vickers'iudentor withré'kg ioad;v After heat treathent the speci-
mens were metaiiographicaily’poliéhed and etched prior'to hardness test-
ing. The mechanical propertles were determlned us1ng an Instron tensile
testing machlne at a strain rate of h b e 10 3/m1n w1th 0. 250 1n._ omlnal
diameter tensile spec1mens (ASTM De81gnatlon E8- 65T) | The fracture
surfaces of the failed tensile spec1mens were examlned w1th a JEOL scan—
ning electron_mlcroscope. |

The precipitate morphologvaas studied with carbOh ettraction
replicas and thin foils by means of.an"Hitachi HU—l25ve1ectron microscope'
at lOO KV. The replicas were extracted in an aceticth% perchloic acid
solution with 25 volts appiied across the sample and a Stainlese steel
cathode. ’Thih—foils were*preparedébyveurfaceegrinding_tocQLQlO in.,
’chemical thihning to 0.002 in. with aisolution of 85 parts H202,v10'parts v N
H20 and 5 parte HF, and jet-polishiné in an acetic'lo%vperchloic solution |
at 18°C. |

X—ray diffraction patterns of FeQTa particles were‘obtained uith

an 11.46 cm diameter Debye-Scherrer camera and Cr K, radiation, with the
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fiim loaded;in.the>Straumanis position. The line'iptensities were méae
sured f?om the film Vith a.Jarrell—ASh recording miérophotbmetér.. The‘
Lavesvphaée particies were obtained by dissolving.anoneraged 2 at. pct
Ta ifénvallqy in a 10% nitric acid'éblution. The chénge in the lattice
- parameter of iron wiih solute.céntenf was measufed:by means‘of.a Norelco
Xfraj diffféctometér usiﬁg Cu Ka radiation and.%ithga crystal monqéhro—’

meter,deéigned to reduce the flourescent iron radiation.



DISCUSSION OF RESULTS

A. TFe-Ta Phase Relationships

Binary alloy’of iron-niobium and i§on—tantalum have many similarities
as the phase dlagrams given by Elllott5 and Hansen6 1ndicate. A majof!
dlfference between these ‘two dlagrams is the comp051t10n range - of 58-78

at. pct 1ron at lOOO°C for Fe Nb; whereas, no comp031t10n range is shown

2
for FegTa. Thls 1nd1cated dlfference is questlonable_because of the
similarities between the niobiﬁm and tantelum étoms,'and;beceuse_of theo-
retical work on.ohase stability by L. Brewer. | 'Erewer indicated that a
Stability rahge,of about 10 at. pct exists for FeeTa at 1200°C. The most
recent phase dlagram for the Fe-Ta system has been publlshed by Sinha and
Hume-Rothery8 and is shown in Fig. 1. The maximum solublllty of tantalum
in iron occurs in the & phase at 14L0°C # 2 and is reported8 to be 2. 8
at. pct. The: 6 phase decomposes eutectoidally- at 1293°C t 3 by the fol-

low1ng re actlon

6(1.1 at. pct Ta) = y(0.5 at. pct Ta),+>FeéTa

and the Yy phase decomposes perltect01dally at 97LoC t 3 by the follow1ng

reactlon

Ta + v(0.3 at. pet Ta) = a(0.6 at. pct Ta) Ta)

Fe,Ta + (¢ . a) = al0 S L

The solubility of tantalum in a-iron decreases with temperature from the
maximum at 974°C, but the solvus curve has not been detefmined,

B. - Morphology and Kinetics of the Allotroplc Transformations

The solublllty of tantalum in a-iron decreases w1th temperature which

nmakes age7hardening attainabl_e_. However, the des.i'redv degree of hardening
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céuld not'be obtained byﬂs@lutién ireating in-ﬁhe o phésé region because
of the low tantalum solubility. Because of this.‘limitation, the § phase "
field ﬁas.utiliZed for solutionwt;eatment. ‘Thevstruéture ﬁhich resultédv
aftér quenching from the ¢ phase'field wés eithervfetained 8 or_ﬁassive

a which reéuited.from the § >+ vy > o tranéformation séqueﬁce.

The occurrence of the § »> y tfansformation was detected bybexaminiﬁg
the grain stfucture of a metallographiéaliy-polished sample; Also,.X—ray
diffraction was used tq determine the cfystal st;ﬁctufe of the produét |
phase, and in‘éll éases thé room iemperature.structure was BCC. When no
transformation had occurred, the grain size was gbout 1 mﬁ diameter with
an equiaxéd grain shape, but regions'which had uﬂdefgone the § » y » a
transformation had irregular acicular boundaries which are typical ofv
the massive o transformation in iron. |

“The morphology of the f and a phases is cleérly demonstrated,by the
1 at. pct Té,alloy which hadvunderéone éartial transformation during
quenchihg,vas seén'in Fig. 2 and Fig. 3. Using fhé.Dube morphological

9

classification system,” the structure in Fig. 2a can be identified as
grain boundéry allotriomorphs and intragranular idiomorphs and that in
Fig. 3 és a.primary saw tooth structure. .Aaronsonlo'hés shown that in
Fe-C systems proeutectoid ferrite forms with similar morphoiogiés, and
these morphologies have also been observed for primafy phasestS vell as
intermetallic compounds in othér alloy systems.ll it'haé alsé been

shown that gs a function of grain misorientation the tendency is to form
grain boundary'alléfriomorphs at large'misorientaiions, primary sawteeth
~at intermediate, and primary sideplates at small misorientatipns.r The

lack of low angle boundaries in the Fe-Ta system after a solﬁtion anneal
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of 1 hour at:lhOQ°C resulted in the y phase appearing only as brimary
sawteeth or grain boundary allotriomorphs. | a

. The interface between the grain boundary allotriomorphs, 1d10morphs
and sawteeth and the prior § phase have been outlined by the precipita—

tion of FegTa. Prec1pitation has also occurred.at the prior»é_bound— '
aries and the nassive a boundaries within a prior y grain. In most

cases the grain,boundary allotriomornh’has grown into adjacent grains by
equal'amounts,'with straightvboundaries'in‘both'grains orionly one

grain. The structure of these Straiéht"boundaries)may be dislocation‘
type or intermediate between dislocation type and disordered. Of the
four boundaries surroundlng the graln shown in Fig. 2b 1t is 1mprobable
that more than'one is a dislocation boundary because the crystallographic
orientation relationship of the one dislocation boundary would restrict
the 1nterfac1al-match up between the other 1nterfaces._ The primary
sawtooth boundaries are subject to. the sane constraint, so that only one
of the boundaries_in Fig. 3 may be dislocation type.

The irregular boundaries resulting from the Y * d'transformation,i
easily identified in Fig. 2b, were always observed wheneyer the § -+ Y.
transformationlhad occurred, Alloys which did not underéo the § » Y”*va
transformation had a quenched structure which could be described as a

Tea precipitates - at the grain boundaries.

retalned BCC structure with Fe

2

The structure of those whlch d1d undergo this transformation could be -
described as avmixture of massive o and retainedvd with’FeeTa precipi-

tates at the 6,:y and o boundaries. Laves phase particles atla retained‘
Glboundary are shown in Fig. 4. Electron microscope investigations also.

revealed a low dislocation density in the retained § phase.
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' Schematic TTT curves for hypoeutectoid and hypereutectoid composi-
tions have been .constructed from structural studies of quenched samples.
The transformation curve for a hypoeutectoid composition is shown in Fig.

5a. The § ¥'y +.Fe2Ta‘nosé is sﬁié;ed to longer'timés thanvthe § + v
‘nose bécau§e it'Was obéerved that all the hypoentectoid ailqys had either
partially of:completely.undergoﬂe the § ; Yvé o transformatibn, while no
matrix precipifation was detected. Examinatioﬁvof the qﬁenched structure
cannot re?eai whether the § - y transformation océurfed completelyvabove
the eutectoid temperature. Therefore, it is not khown how close the

§ + y curve and § + Y.+ Fe Ta curve lie below the'eutectoid temperature.

2
" The lack of matrix precipitation of the Laves phaéé_during quenching vas
confirmed by electron microscopy of 1 at. pct and 2 at. pct Ta alloys

and lattice parameter versus solute content measﬁrements. A plot of the
1éttice parameter versus tantalumvéontent for the.Fe—Ta system has a
slope very similar to that of the Fe-Nb systemlg,'aé shown in Fig. 6.
This indicates that fhe.tantalum was still in solutién éfter quenching.
In hypereutectoid alloys neither the 8§ » y > « tranSformatioﬁ of matrix
précipitation were detected after quenching. In Fig. 5b the 6v+ Fe2Té
curve is placed at shorter times than the § + y + EeéTa curve because.of‘

the lack of observance of the 6 »> vy transformation.

C. Morphology and Kinetics of Laves Phase Precipitation

1) Age Hardening‘Characteristics: The hardness Versus solﬁte cﬁntent
in Fe-Nb and Fe-Ti alloys was inveétigated by $peich3 and it showed a
linear dependence with solute content. The.as—quenched.hardness of 1
at. pct and 2 at. pct tantalum sampleé with the retained § structure

' fit this relationship, as shown in Fig. 7. The hardness of a 2.3 at. pct
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nicbium sample -tés‘ted by Speich showed 8 devlation from the' e;;pe.cted
hardness and thisddeviation was explained by precipitatiooﬂﬁhichboccdrred
during quenching. o » : o : : ) h L
The isothermal decomposition of the supersaturatedisolid solutioh of |
o + Fe2Ta‘resa1ted in a_sizeable hardness increase fordthe é at.lpCt”
tantﬁlum alloy,.butvonly a ﬁodest lncrease for thedl.at}'pct alloy. The
age hardenlng characterlstlcs for these two alloys -at ag1ng temperatures
of 600°C, 700°C and 800°C are shown in Flg ‘8. The age_hardenlng beha~
vior is characterlstic of nucleation and growth.with the peak ﬁardness
increasing and sﬁiftihg to.longer times ﬁith decreasingftemferature{ A. . E
single.peak was always,observed, indicating that the supersaturated solid

solution decomposed by the following reaction:
o(supersat.) = o + Fe,Ta

At a given temperature hardening begins at shorter timesfwith increaslng
solute content, but the time to peak hardness does not;shift. ‘Also, the
hardness shows an increase with increasing solute content at‘avconstant
temperature._ Speich3 found a shift'in the time to peak.hardness betweeﬁ
1 at. pct and 2 3 at pet Nb alloys ‘but this shift may have resulted from
the preclpltatlon which occurred during quenchlng in the 2:3 at, pct

alloy, as noted in- Flg T

2) Second’ Phase Identlflcation; Second phase partlcles extracted from

a 2 at. pet Ta alloy aged 5 hours at 800°C were identified as,the hexag‘
onal Laves phase (Man type, Clh). The X-ray diffraction results are’
presented in Table I and were found to match the results for both Fe7

and-FeSTa3 as listed in the ASTM Powder Diffraction File. However, the
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results in Table I are closest to the interplanar spacings and intensities

listed forYFe7Ta3.

The lattice parametefé 2o and éo anﬁ’the c/a.ratid were determined byv
a method of successivé‘approximavion as outlined Bvaas;alski and King.l3
The resulting values are listed in Tabie IT along ﬁith the results of other
studies. Cdmparingjao, §¢ and c/a from tﬁis #ofk‘tolthévvélues reported by
Hansen it is seen tﬁat ao_islless while cqiand é/a are Ereater than Hapsen's
values. The.latticé pgraﬁefers reported by Hansen‘ﬁere obtained from

stoichiometric Fe,Ta, while the data from this work ‘are from the Laves phase

2
in'equilibrium with a iron. The two methods of preparation would result
in equal compositions if the Laves phase had no range of homogeneity, as
suggested by Hansen, but it is more likély the Fe-Ta Laves phase has a

. | : * T} ' 5 . 17 ’18
range of homogeneity similar to the Fe-Nb Laves phase. Goldschmidt °

found that the Fe-~Nb Laves phase had a difference in lattice parameters of

hao = + 0.021 A°, Acy = + 0,01k A° and Ac/a = -0.004 when comparing com~

v.pqunds with 20 and 40 at. pct niobium. The a, and c/a ratio for the Fe-Ta

Laves phase in equilibrium with o iron vary in the same way from the stoi-

chiometric values as does the Fe-Nb Laves phase. Also, it has been pre-

+ dicted by L.vBrewer7 that the Fe-Ta Laves phase is.stable over a composi-

tion range of 25 at. pct to 35 at. pct tantalum. From the lattice parameter P
data for the compound Fe2Ta in equilibrium with a iron, the expected simi-
larities between the Fe-Ta and Fé—Nb_systéms and predictions by L. Brewer

it is concluded that the Fe-Ta Laves phase exists over a range of composi-

tion. However, the limits of this range cannot be defined at this time.

3) Precipitate Morphology: The precipitate morphology in aged samples

of the Fe-Ta alloys were quite similar to those found by Speich3 for



precipitates in Al-Cu alloys has been observed by Thomas -and Nutting.
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Fe-Nb alloys. It was stated earlier that a single hardness peak indi-

.cated the absence of a metastable phaée and this was supﬁorted by elec-

tron diffraction studies of 1 at. pct Ta aged 10 min. afLYQO°C and 2 at.
vet Ta alloys aged 2 min. at-7606¢} A comparison of'tﬁese results with
the X-ray diffraction resﬁlts obtained frdm eXtraéted paitiéles is madé ‘
in Table I. The précipitating;sequence.was grain boﬁndgr&lf dislocation
> métrix and is aemonstrated by Fig. 4 and Fig} 9. ‘In Fig. 9a the

aligned plate particles have formed at disloéations, whereas smaller ran-

dom particles had formed in the matrix.

A pesk agéd sémple éxhibifed a large amount of grain'boundary phase

with a small precipitate free zone adjacent to - the boundary, as shown in

Fig. 10. An electron beamvmicrOprobe analysis‘of the téntglﬁm concentra-

tion at the graih'boundary revealed the Laves phase network but‘not a
tantalum depleted zone. Therefore, the preéipitéte free ZQné was believed
to be the result of a low defect density adjacént to thgvfoundary. A
similar situation is found in the Al-Cu system where vacéncy depletion
near the grain boundary results in a preéipitate free zéne.

The nucieation of precipitates with a semi-coheréﬁt inﬁerface dt

19

dislocations has been discussed by Nicholson. He'postulated that the

misfit vector of the pfecipitate and the burgers vector of the disloca-

tion must be non-perpendicular, and this réstrictiqgwgggglp§;ig;gertaig
habit planes'beihg favored and others being excluded for a given burgers
vector. The absence of one of the three possible habit planes for e
20
Parallel arrays of plate particles in the Fe-Ta system have been

observed as noted previously and shown in Fig. 9. Transmission microscopy
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studies have shown that these plates formed with a (lOO)a habit plane and
exhibit interface cohérency strain contrast, as shown in_Fig. 11. Dislo-
cation contrast at these arrays has-not‘been.conciuSively shown. However,
' the strong pérticle sfrain contrégg‘cquld'ObSCure'dislocatibn contrast.‘
Analysis ofvelectron diffraction péttefns from these pafticles indicatev
 that théy are the hexagonal Laves phase, as sho&n in.Table I. In Fe-Nb3’2;'
and Fe—-T’i..,é.lloys a (110) habit plane was the onlyv‘o‘bserved habit plane
relationship. |

The Selection of a habit plahe can be affected.by the'precipitaﬁe
matrix inﬁéffacial matchup, anisqtroﬁy of'the elgstic moduiué and thé
angle between the burgers vector and the misfit vector. In the_Fe—Ta
alloys investigated it is not'exPecﬁed that the lower elastic modulus of
iron iqvtﬁe [100] direction would OVercoﬁe the févprable matching 6f_the v
(OOOh)L énd(llo)a planes as well as the smaller misfit vectqr-burgerss_v.
vector apgle for thé (llO)a plane. A burgers vectdr inbthé [lli] direg—
tion makes én anglé*of-36° ﬁith the misfit vectof.féﬁ avpiate on thé (llQ)
plane Whére the misfit vector is-normal to this‘pléne._ The burgérs Qéétor
makes an aﬁgle of 54° with the misfit vector fof.d.blate dn a (lOO).pianéi
with the miSfit vector normal to this plane. The formation of plate
shaped mdl&baenum rich clusters have been observédiﬁy Hornbogen22 in
Fe-Mo alloys,'gnd the 10% mismatch between the irbn and tantalum atqms
would favor a plate shape cluster. The fqrmation'§f;GP zones héve never
been assoéiated with dislocation nucleation thus it is not likely that
the plate particles in the Fe-Ta system originated aé GP zones. It is

possible that these plate particles nucleasted as a cubic phaSe, possibly

the MgCu2 type Laves phase, and subsequently transformed to the hexagonal
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MgZn, type Laves phése.» The alignment of ﬁhe,plate edgés with thé:chbié
axis; as shown‘in Fig. 1la, supports this hypo£hesis, alﬁhéugh the_lack
of this‘reactiqniét sites other fhan dislocations is nét_éasil& exflained.
The occurrenég of‘the arrays of p;rallel plate bartiéles was:always
acchpaniéd by thé’o5servénce of a-high disloqation denéity in close
perimityf -Thé diéldcations may have beeh'nucleatéd_by prismatic punch-

| .

ing %hen the'pafticleé lost éoherenc& by.a mechanism des@ribed by -
. Weatherly23. " He found a eritical misfit was required for this mechanism
to operate with relaxation occurring when a dislocation'was_punéhéd'out

followed by a bﬁildup until another dislocation is punéﬁedfout. The

eritical stress'fOr this mechanism for plate particles is:

= 34 oF
Ts =5 G. e

where Ty is the shear stress, G the shear mbdulﬁs and1eT isv£he total
stress free trﬁﬁsformation strain.l A transforﬁation stféih éreatér thén—
2% is sufficiént:to cause ioops to be punched out. |

The fractiéh of precipitates which had forﬁed‘at diélocations was

observed to increase with increased solute content in the Fe-Ta system.

This behavior has ‘also been observed by-Thomas2h in_alumihum alloys. The -

ratio of the activation energy for dislocation nucleation to that of

homogeneous nucleation has been theoretically analyzeq.for an incqherént

25 and he found that the ratio of the activation

pfecipitate byvCAhn
energy for diélocation nucleafion to that of homogeneoué nucleation

decreases as bdtﬁ.thé magnitude of the burgers vector.aﬁd the negat;vebof
the volume free energy,chapge increase. Cahn assumed the pafticle nucle-

ated as a bulge on a cylinder lying along the dislocation'line, and that
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" the interface waé incoherent. Althbﬁgh these asshmptions,are not com-

prletely satisfied for plate particles in Fe-Ta alldyé,it indicates the

effect of the variables.ﬂ.Cahn's-ahalysis indicates'ﬁhat on a given dislo-

. _ | :
‘cation the nucleation rate and hence the number of particles would
| increase_with_supersaturation, In Fe-Ta alloys this reaction was auto~

‘catalytic byfthe process of nucleation and growth'dePQrticles at a dis-

locatidnifollowed'by punching'of dislocations which acted as new ﬁucleation
sités. The rate bf thevaﬁto—catalytic regction ié dépéndent on the ﬁucléa—;
tion rate and growth rate of thé particles. If it is assumed the ratio of
the growth rate of‘particlés_at diSlocations‘to the.growth raté'of matrix

particles is independent of composition, an increaée.in the auto—éatalytic

,‘ reaction to that of matrix precipitation can be predicted by an increase

in éupersaturation from Cahn's anélysis. An incregse.of.dislocation nucle-
ated particles over matri% particlés has been obséfved in 1 af. pet and 2
at. pct tantalum alloy, as shown in Fig. 9. o

The‘hébit plane of the matrix particles was ﬂ6t determined, but it j57

thought to be the (llO)a, as in Fe-Nb and Fe-Ti alloys. Overaging at T00°C

"resulted»in'clusters of particles with precipitate free regions near these

clusters. zThis clustering resulted from the aﬁto—cétalytic dislocatién

 nucleation reaction. Particles which had formed rahdomly in the matrix

had an elongated piate shape, whereas particles which had formed at dislo-
cations had a square plaﬁe shape. It was concluded by Speich that the
particle shape in the Fe-Nb and Fe-Ti systems becémé more sphérical with

increasing supersaturation. In Fe-Ta alloys this'éhange of shape resulted

- from .increased dislocation precipitation,ahd it is_pfoposed that this

mechanism could account for the shape changé obseryed in Fe-Nb and Fe-Ti

alloys.
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D. .MechanicalvProperties

- In the aged_cénditionvfhe'Fe;Ta alloys iﬁvestigated:ﬁad a largé
grain size (1 ﬁm diameter) which was surrounded by a_2_micfon:thick net-
work‘of the Laves phase. The matrix coﬁt;ined up to f ?éi pct_of.hard
plate particles. A large graih size and heavy grain‘bbundary'netwofk are
both;detrimenféiAté ductile fracture, as thevmeChénicéi'pfqperties of
‘ thesg alloys $ﬁowéd.. The fracture strengfhs of the FeeTa.alloys studiedf
are given in Tablé‘III, and.a scanning electron micrographﬁéf a typical
fracture is shown;in Fig. 13. |

The transgranular cleévage fracture is thought tofhave initiated by
crégking in tﬁé[ﬁrittle grain boundary Laves phase. bucﬁile~rupture in
Ithé.precipitate‘free zone may also.have contfibﬁted to ﬁhé_initi;tion of
trahsgranularrciéévage, as the material marked A in FigL.l3 had failed.
by ductile fupfure. Hahn et a126 have measured a fraéfuré stfess of
80,000 psi_at:rdom tempergfure for coarse grained ferrité with a O;h mm
gréin diameter. . The’frééture stress values observed in thé ﬁresent study

are ponsistent'ﬁith these results.



SUMMARY AND CONCLUSIONS. .

When an Fe-Ta alioys is quenched'from-thebd phase region to room

ﬁempefature the final product is"éither equiaxed ‘or acicular a. The

acicular o structure was observed only in the hypbeute¢toid composition

1

and it was the result of the 6.+ Yy > a fraﬁsforméﬁion.‘ The final struc-
ture éf quenghed hypereutectoid_alloys was_eduiakgd_a'with a.large gr§iﬁ )
size and 10Q'dislocation density; Grain”boundar&:ﬁrécipitates'fdrﬁed[in'
both 1 at- pét and 2 at. pét Ta alloys during quéhching,

 It ﬁaszshown thet the Fe-Ta Laves phase pfobaﬁly has a fange of
homogeneity, in contrast to the phase diagfam shqﬁn by Hansen.6* This
conclusion is supported by X-ray lattice pafémetef ﬁeasurements of the
Léves phase ih equilibrium with o iron, the similérities between the Fe-Ta
and Fe—Nﬁ compounds , and the compoSitionai'stabilityurange predicted by
L. Brever.| |

The decomposition kinetics of the Supérsaturatéd d solid solution

exhibitedlfypical nuéleati;n and growth charaéteristics with a singlé
aging peak. The peak hardness increased and shifted to longer times
with decreasing temperatures. The sequence of preCi?itation sites for
this decomposition was fhe following:. grain_Boﬁndﬁries, dislocations, and
matrix. The precipitate particles were‘plate shébéd, withlsquare plate
particles forming at‘dislocatidps with a (lOO)a hébiﬁvplane; matrix
particles formed whichvwere needlelike and‘thought to have a (llO)a habit.

The dislocation nucleation reaction was auto-catalytic and more predomi-

nant with increasing supersaturation.
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Table I.

~ X-Ray Diffraction Data Ele@trdn Diffraction
. Fe-2 at. pct Ta alloy aged ‘Data from thin foil

5hrat 800°C __ aged 10 min st 700°C
hkl CLoaw® 0 1/1(11e2) - '5d(A9)'

1040_ 1 51 | h.122 o

002 3.893 5

10-1 | __ : B  3.655 8

10+2 S 2.838 B

11+0 ‘,£‘° 2,391 75 | , '-.  2.39
1@-3 0 2.20m 9 ‘~; ;:?.21
éoéo: o 2.07k 27 2.8
12 1} ok 100 R
201 N . 2.006 63

00k o 1.957 15 ff , "1.97
2003 : 1.625 13 166
21-0 . 1.570 23 1.5k
30.0 S 1.386 | 25 o

21 -3 o 1.347 ' b7 |

30°2, 00+6 | 1.307 13

”2"0_...'5 T ' ot T’" 1 . 252 ot “‘33_‘”*’-'__ - 7A_*"_'__.._;‘ N

22.0 . 1.201 33
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Table II.  Lattice Parameter Data for the Compound,FeQTa

a;(Ap) CO(AO) Cl/a - Reference
4.806 7.81;6 - 1.633 ‘ " This work
b.828 7.838 1.62) 6
4,816 7.868 1.633 BTN
h.817 7.822 1.62k | 15
4.81 7.85 1.63 ' .16
4.80 7.84 . 1.63 ) .ASTM Powder
- Diffraction

Flle for FeTTa3.
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Table III. Mechanical Properties of Peak Aged Samples

Coﬁpdsition  Trestment Fracfure Sﬁrenéfﬁ
at. % Ta | ©(ksi) |
1 60 min - 706°c_ | 58.0
2 7200 min _ 600°C B l;_8"._'o-l
2 60 min - 700°C 1 65.9
2 8 min - 800°C 47.8
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FIGURE CAPTIONS

1. TIron rich pértion‘of the Fé—Ta phase diagrem. (éinha, ﬁumé—RothéryB)'

2a. Optical micrograph show1ng grain boundary allotrlomorphs and
1ntragranular idiomorphs in an Fe- 1 at. pct Ta alloy quenched from
1400°¢ |

2b. Opticél micrograph showing a grain boundary allotriomorph in an Fe-'1
at. pct Ta alloy quenched from 1L00°C. |

3. Optical micrograph showing primary sawteeth in an Fe- 1 at. pct Ta.
alloy quenched from 1400°C.

4. Transmission electron micrograph showing Lavés;phase particles at
prior § grain boundary in an Fe- 1 at. pét Ta alloy quénched from
1koo°c. | | |

5. ©Schematic Time—Temperature—Transformatioh curyes'for Fe-Ta alloys.
a)'Hypoeutectoid composition. b) Hypereuteétoid compositién.

6. Lattipe parameter of iron versus solute contént for Fe-Ta and Fe-Nb
alloys. | |

T. Hardnéss versus solute content forvtitanium, niobium and tantalum
in BCC iron. o

8. Hardness versus time at 600°C, 700°C and 8006C in a) Fe- 1 at. pct --”
Ta alloy. b) Fe- 2 at. pct Ta'alloy.. | |

9. Carbon extractionbreplica shqwing La&es phasé’particles which have
nucleated at a dislocation after aging 10 min. at T00°C. a) Fe- 1
at. pct Ta élloy. b) Fe- 2 at. pct Ta alloy.-

10. Scénning electron micrograph showing the grain bbundary network of

Laves phase in'an Fe- 2 at. pct Ta alloy aged-QO min at T700°C. The

surface was over etched with nital and tilted 30° in microscope.
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12.

13.

alloy.
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: Transmissibn;electron'micrograph showing Laves phaseﬁparticles}which z o

have nucleated at a dislocation in an Fe- 1 at. pct Ta alloy -aged

10 min at T00°C. a) Foil normal [200]. b) Foil normal [110].

Carbon extraction replica showiﬁg Laves phase morphélbgy after égihg

400 min at .700°C. a) Fe- 1 at. pct Ta alloy. b) Fe- 2 at. pct Ta

Scanning ‘electron micrograph showing a fracture surface of an Fe- 2

“at. pct Ta alloy aged 6 min at 800°C.
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Fig. 9b
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or

‘responsibility for the accuracy, completeness or usefulness of any

information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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