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ABSTRACT

Mechanially alloyed and compcted dispesion-stregthered ironbasematerialsshowa strange
behaviour,that the recrystallisation temperaturedrops when the compactedsample is cold-
deformed. Controlled experimentshavwe beenconductedon MA957, which is a yttria oxide
dispersionstrergthenediron alloy. This involved the study of grain structureevolution in
sampleswvhich were systematicaly bentandthenheat treated. A bendtestintroducesa strain
gradient and different sensesof deformation (relative to the extrusion direction) about the
neutralaxis. It hastherefore been possibleto chaacteise the reciystallisationbehaviourin both
tension and compressionin a single test, with varying levels of strain. The results imply
anything that introdues hetergeneity into the microstructw stimulates regstallisation.

1. INTRODUCTION

The feritic oxide dispersion-streythenedalloy MA957 discused in thispaperis obtainedusing
mechanial alloying (Matucha and Ruhle.1993;Elliot and Hack 1990). This introdues a
uniform distributionof fine oxide particles,which providetheresistanceo creep defamationat
elevatedtempeatures. As the ferritic state makes the alloy resistantto radiation induced
swelling, MA957 wasintendedfor the manufctureof tubesfor nuclea reactorapplicationsto
contain liquid sodium at about 700 (Coheuret al.1986; Evangt al.1992).

The mechantal alloying processinvolvesthe intensedeformation of mixturesof elementalor
masteralloy powders,which are then cannedand extrudedfor consolidation.The extruded
material has a submicron grain structure and is hard. The alloy is, therefore, given a
recrystallisationheat treatment,which leavesit with a very coase, columna grain structure,
appropriatdor appliations whee creep déormation must be minimised.
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The allgy, after consolidation from the poved, hasa highstorederergy, dueto deformationand
the small grain size. The enegy is typically 1 J g, which is much greater than in
conventionaly deformed metals(Chou and Bhadesha 1995). It is therefore peculia that the
consolidatechlloy hasto be heatedto tempeaturesas high as 1400°C beforerecrystallisation
begins(Bhadeshial997). An importantobservationby Regle and Alamo (1993) is that the
rectystallisation tempeature dramaticalyy decreasesif the consolidatedmateral is cold-
deformed prioto annaling.

It appeas that the uniformity andthe fine scale of the microstructue in the consolidatedlloy
makesthe nucleation of recrystallisation difficult beausethe grain boundaryjunctions are
strongpinning points, restricting the bowing of grain boundariegBhadeshia,1997). In effect,
the finegrains @nnot be consefredtopolagically independentasis assumedn reciystallisation
models. In thes circumstancesanything thatintroduesinhomogeneity into the microstructue
will ameliorate the rerystallisation proess, explaining the e andAlamo results.

In the presentwork, we examinethe effect of deforming the compacted mateial on the
developmenbf thereciystallisationgrain structure using bendsampleswhetre there is not only
a defornmation gadient about theautral axis but also a chga in the sig of the plastic strain.

2. EXPERMENTAL PROCEDURE

INCO Alloys (Hereford, United Kingdom)suppliedthe materal (Tablel) in the unreciystallised
state. It wasfabricaed by chaging threeprimary powders(elementairon, pre-alloyed metallic
alloys, and yttria) into a watea-cooled vertical attritor for mechanial alloying. The
consolidationof the resultantpowde was achieved by extrusionat 1000°C, while packedin a
mild steelcan. This wasfollowed by rolling at 1000°C, to redwce the diameterfrom 54 to 25
mm. The extrusionandrolling arenot to be thought of as"hot working" processs, sincethe
final microstructure is in aold deforned statedrain size 0.4um).

Table 1.Chemical composition (wt. %).

C Cr Ti Mo Y,03
0.01 14.0 1.0 0.3 0.27

The bendtest sampleswere 100 mm length, machired parallel to the extrusiondirection,and
squarein crosssection(7 x 7 mm). Bendirg was caried out using a MAYES - 100 kN.
Samples weretched fo optical microscpy using 2g CuC}, 40 ml HCI, and 40-80 ml ethanol.

3. RESWTS AND DISCUSSON

Figure 1 showsthe form of the bend test samplesand Table 2 summariseshe experimental
parametes. The thicknessof the layer of yielded materialincreagswith the bending moment
M, sothatthe elastic-plastidooundary appoactesthe neutal planeasM becomeslarger. The
momentMp required to make thsection ful plastic is gien by (Johnson and Mellor, 1973):
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wherew andh are the width and height respectivelyof the square section of the sample.The
yield stres®, =1125 MPa was @lculated acarding Badmoset al.(1998).
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Fig. 1.Bend test samples with difiemt levels of disrmation

Thethicknessof the layer of yieldedmateral increaseswith the bendirg momentM, sothatthe
elastic-plasticbounday apprachesthe neutral plane as M becomeslarger. The momentMp
required to ma& the section fujl plastic isgiven by(Johnson and Mellor, 1973):
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wherew andh are the width and height respectivelyof the square section of the sample.The
yield stres®, =1125 MPawascalcukted acording Badmoset al.(1998).

Table 2.Bend test pameters.

Displacement / mm | Maximum Load / KN | Bend Amgle / radians
Bendl 9.23 6.2 wl.2
Bend2 15.57 6.07 1.3
Bend3 16.81 6.9 2113
Bend4 41.12 10.1 6

For the dimensionsof the samplesusedin this work Mp = 96 N m. From the bend tests
discussedelow the calculatedvaluesfor bending momentarelistedin Table 3. For sample4,
M is highe thanMp, soafully plasticsamples expectedHowewer, JohnsorandMellor (1973)
have shownthat a residuallayer of elastic materialremainsat the neutal surface,associated
with a lagegradient of stress.

Reciystallisation in iron-base ODS ajle ocursat exceptionaly high tempeatures of the order
of 0.9 of the melting temperatue (in MA957 T,=1478°C). As shownin Fig.2, the minimum
temperatue at which the matial recrystallises &er 1 h of leat teatment has lem measwedfor

MA957 to beTr =1330°C.
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Fig. 2.Longitudinal section of samplectystallised at 1330C without bendig.

Table 3.Valuesfor M obtaired from bendig tests.

Bending Moment / N m
Bend1l 71
Bend?2 70
Bend3 80
Bend4 115

Fig. 3.Longitudinal section of sample Zatystallised a{Tg—30°C) for 1 h

In order to characteri® the effect of defamation on the recrystallisation temperatug, heat
treatmentsvere carriedout on the bentsamplesat tempeatureslower thanTg . Figures3 and4

showthe microstructuref samples2 and 4 after deformation and recrystallisationat (Tr—30
°C) for 1 h. The sampleshave almostfully recrystallisedeven thoughT<Tg. Consistentwith

thework of Regle andAlamo, deformationclearly deaeaseghe minimumtemperaturatwhich

rectystallisation bgins. Thegrain structues in the tensile and comgssedareasof sampled are
presented ifrig.5. As a geater stain haghe effectof refining therecrystallisedgrain structure,
which also becomesmore isotropic, the grains in the tensile outer regions (Fig.59 are more
equiaxed and refed than those in the congzsed pa of the sampleKig.5b).
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Fig. 5. Longitudinal sectionof sample4, reciystallisedat (Tg—30 °C) for 1 h. Detailed
view of (g compessed rgion, and (b) tensileegion.

4. SUMMARY

The effect of cold defamationon the recrystallisationof MA957 sampless two fold. Firstly,
the reaystallisation temperaturedeaea®s, consistentwith the hypothesisthat anything that
makes the original microstructue heteogereous will encouege reciystallisation. This is
becausehe microstructue prior to rectystallisationis uniform with grainsthat are sofine their
junctionsare poweful pinning points. The secondeffect is thatthe increasein the numbe and
densiy of reaystallisationnuclei, due to (non uniform) cold deformation, leadsto fine grain
structures, whiclarealso more isotropic in theedimensions.

If coase, columna grain structuresare desiable in the conext of creepstrength, then the
presentwork indicatesthat the processiig of MA957, or similar matrialsin order to produce
tubes,shouldavoid plasticstraingradients. Indeed,it is predictedthat coarse directional grain
structuresare only expectedvhenthe deformationfollowing consolidations eitherzeroor very
large, since botltases ledto a uniform distribution of plastic strain.
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