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 HOMOGENIZATION OF INGOTS

B. Francis

' Inorganic Materials Research Division, Lawrence‘Berkeley Laboratory and

Department of Materials Science and Engineering, College of Engineering;
University of California, Berkeley, California 94720

ABSTRACT
<A'simp1e analYtiéal tééhﬁique is pfesented'for determiqing adequate
homdgenization'treatmenﬁs to reducé the miérosegfegation present in
alloy“ingofs. This tecﬁnidue.employs a mathématical description.of the‘
homogenizatioh kihetics. In additipn, a simple metallographic method_:v

of'checking for-microsegrégation is described.
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INTRODUCTION
Alloy preoaraiion is an important, and sometimeé,neglecﬁed, part of

any meeallurgical reeearch. A major part of a thorough alloy oreparetion
program ie en adequate homogenizetion procedure, designed to minimize |
the_microsegregation in ingots.and to, therefore, reduce any effect this
microsegregetion may have on the subseqoently meaSured propefties'of.the
ailoy. ‘It is relatively safe to say that ail_alloyed ingots will have
microsegregation.f This microsegregation occurs because of_soiute
'redistribotioh'during solidification.l’.2 It can be removed only by
subsequent - thermal proceseing, i.e., homogenization. Since_homogehization
is a diffusion prooess, the kinetice.of homogenization Will depend on

the geometry of the initial solute distribotiOn, on the diffusion
coefficients ofrthe various solutes, and on the time of homogenization.3

Obviously, a complete study to determine an effective homogeoization‘
-procedure for a given~elloy would be very complex, involving at the very
least e#tensive microprobe studies‘to determine the initial solute
' distfibution and to determine ehe pfogress of homogenieation. Such
detailed ﬁork'is not routinely feasible.

What is needed is a simplified oethod for designing a homogenizetion
procedure, i.e.,'determining the requiredvtime at temperature ﬁo acﬁieve
homogenization. One would like to minimize the amount of initial
'analysis—ei;e., microprobe and oetallographic stuaies——yet maiotain
sufficient accuracy:in the procedure that its usefulnees will not be
eeriously comﬁromise&. The purpose of this.report is to describe a
simplified proeedure which meets these criteria ano to illuetrate ite

use.

PR
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- TWO-DIMENSIONAL MODEL FOR HOMOGENIZATION
In general the mathematicalkaﬁalysis of hqmogenization'is very

complex because it is necessary to solve the diffusion eqdatidn'in two-

_or three-dimensions for boundary conditions which are compliéated and

variable. It is essential, therefore, to Simblify the énalysis by

making approximations. The simplést approximation is to reduce the

. problem to one dimension, as was done for example by Lavender and Joneé.4

This one-dimensional analysis has proven to be very 'usefulli_'6 and we

- shall return to it later on- It does, howéver, lack generality, and

in the following analysis a more generally applicable tWo-dimensiqnal

model will be presented.

Kattamis and Flemings; in their 63ce11eht paper 6n'the.homogenizatipn

of low alloy éteei,; developed a two-dimensional mathematical'modé1>for

the kinetics 6f homogenization. This model is based on a'recténgular
idealization of e#perimentaliy obséryed-dendrite mdfphoiogiés; this
ideaiization'is illustrated in Fig;ll._ Their anaiyéis of this model.
will be reviewed in some de;aii because it is relevaﬁt to the subsequent
discussion. |

For the QOmpléte méthematical déscription of the-hombgenization of

this idealized structure it is éufficient to 'solve the two-dimensional

‘diffusion equation for just one quadrant of the dendrite rectanglé. ‘The
géneral solution for this case (see'Kattamis'and-Flemingsl for details)

1is:

n=0 m=o0

C(x,y,f) = vii ii Knﬁ cqs(?%g) c;s(2%¥) }': '.:I ) -

2,002, 2,.,.2 .2
IO S SOOI



where C-= concentration
X,y ="Id:‘me,ansional coordinates
d = diffusion coefficient, and
t = time.

The constants‘Knm are‘evalgated by the usual Fourier series teéhniques.

In principal C(x,y,t) may then be determined exactly if onevknows
the exact initial solute distribution (i.é., C(x,y,t = 0)). However,
siﬁce the exact initial soiute distribution was not known Kattamis and
Flemings édopted an approximéte metpod fof.determining C(x,y,t). ‘This_
method was to divide the dendrite quadrant into nine equai areés and
exﬁerimentaliy measure, with a microprobe, the average concentratioﬁ of
each area. The constants Knm were then evaiuated by.approximating the
Fourier integréis as summations, and Summing’over the niné_equal areas.
Again, tﬁe reader is referred to the origiﬁal.work er furfher details.

The énalysis.of homogenization kinetics as done by-Kaftémis andr
Flemings is rather céﬁplex because it is necessary ﬁo measure the initial
solﬁte diétfibution experimentally. Ideally, one should need.to measure
only the dendrite arm spacings, 2% aﬁd 2%' as defined in Fig. 1, in order
to deterﬁine C(x,y,t). This is possible proVided one assumes an initial
‘solute distribﬁtion C(x,y,O). Geometric similafity of all dendrites is
éiso’tacitly assumed.

A.very simple initial»solute distribution, which agrees well with
the obsérved'distribution as repérted by Kattamis and Flemings, is a two-
dimensional sinusoidal distribution:

0 0
c,-¢C

- C(x,y,0) = —E—Z—JE (1 - cos %§> (1-— cos %%) + CZ s (2)



= o.'

- where . C, = maximum solute concentration

minimum solute concentration.

B o

A diagram of this distrlbution is shown in Fig 2. | Figure'3 shOWS a.
plot of isoconcentration 11nes as determined from Eq. (2), and gives
‘the experimentally measured concentration at various points as measured
by Kattamis and Flemings. On the basis of the agreement demonstrated in
.Fig. 35' Eq. (2) is a good approximation to the initial solute distribution
C(x,y;O). |

With the initial solute distribution given by Eq. (2) it is now -
possible to solve for C(x,y,t),' The details_of'the solution are given

in the Appendix;' The solution is:

[o] — l_ + L TTZ_Dt
Gy -Gy X m 22 r?) '
C(x,y,t) = — % |cos E—*cos E%-e o _ (3)
-1 nth . R nth
TX 22 ) 12 : : o -
S = cOos — e ‘= cos +¥,e : . + 1] +C .
' 2 m

' This solution gives very nearly the same homogenization kinetics

as derived by Kattamis and Fleming as’ will be shown in the subsequent

' discussion.

A convenient measure of the microsegregation is the residual

segregation index §, where

C, (t) - C (v) ' I
§ = M m . » (%)
o o o _ _ o S

Substituting Eq. (3) into Eq. (4), and solving for CM(Q,L',t);and



CM(o,o,t), it is found that

- —l'ﬂth - —l—'ﬂth

5 =2l 3 e “'_2 | | | (5)

Equation 5 gives essentially the samé results for fhe homogehiiation
ofINi in _4340 aé does thevanalysisvof Kaﬁtamis and Flemings. The
homogenization kinetics predicted by Eq; (5) Are compared with the
kineticé fredicted by Kattamis and Flemings in Fig. 4, which shows the
résidual segregation index, §, as a functipn of homogenization time at
1200°C. The experimental pbints determined by KattamisAand Flemings are
alsé_plotted in Fig. 4. These points indicate that both analyses are
.good.aéproximationsvof the homogenization kinetics.

As mentionéd-previously,-several investigatorsnhaveVéxaminéd
homogenization kinetics using a one-dimensional mbdel.l‘“7 For this
mbdél the-initial solufe distribution is assumed to be singsoidal (i.e.,
parallel plates). The residual segregation index for tﬁié one-dimensional

Il

case 1is given.by6

2. ‘ o
=T Dt ) . - | . (6)

"Interestinglyvenough, Eq. (5) reduces to.Eq;>(6) if &= 2'.

Equaﬁién 6 has been used b& Ward,é.to SUCCeésfully predict the
hdmpgenization kiﬁetigs of Mn in a low alloyrsteel; His results are
shéwn in Fig. 5. VSbﬁe investigators,rhowever, have oﬁtained expérimental

_reSults which weré not adequafely predicted bvaq. (6). For example, .

for phosphorous'Ward4 found that Eq. (6) predicted homogenization times

approximately'z times longer than those actually observed.

~l
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It is,vof course, nét surprising:that néiﬁhér Eq. (G)anf Ed.-(S)v‘
ﬁill alwayé adequately descfibe the homogeniéation kinetics, - The |
analysis for either équation is necessarily.vefy app;oXimaté.'_Fbr.
éxémple, in many instances the segregétion profilé wiil notAbé approximated
by a siﬁple éinusoidal distribution.‘ An example of a decided1y different
profile ié éhownvih Fig. 5. Solute spikes suchAés those sﬁown.in Fig;‘S
were'in facf suggésted by Ward4 to be respbnsible fér the shoft homo-
'genization timés obéervéd'fﬁr phdsphdrous. “Purdy and Kirkaldy3 diséuss
other problems which limit the éccuraéy of any quantitétive gnalysis of
ﬁomogénization kinétics.

Despite.the approximate'nature of‘the anaiysis hsing either the
one- or two-dimensional ﬁodel,-the results éf Kattaﬁis énd Flémings,i
" Lavender and Jonés4 and Ward6 do show that the analysis can be suffiéieﬁtly
aécuraﬁe to be of great utility. In other words, the use of eithef |
Eq. (S)bor.Eq.'(6)'permits onevtq predict the hbmogenizatipn kinFtics
in é relatiﬁély'Simple fashion. 'Equationi(ﬁ) is ﬁafticﬁlarly éttractive’
in this regard since the onlybéhysical méaéurgment necessary (prQVidéd a
‘feliabie valﬁe for the difoSion:coefficienF is-avaiiable from the

.1iterature) is the dendrite arm spacing 2%.
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METHOD FOR DESIGNING A HOMOGENIZATION PROGRAM

The foregoing pfovides the formal basis for a simple method of
designing a hoﬁogenizaﬁion procedure. In the following, this method
will be described in detail, using, as an example, the homogenization
of an Fe-12Ni-0.5Ti alloy (wt%);

First, a metallographic examination of the as case ingot ﬁust be
performéd to determine the appropriate dendritevarm spacing.’ Ndrﬁally,
this will be.easily écéomplished by using a "ﬁeavy" chemical etch
followed by optical examination at low mégnification uéing either inter-
ferenée contrast or phase contrast techniques té reveal the surface
topology. Figure‘7 shows the as cast segregation revealed, using this
approach, for the Fe—iZNi—O.STi alloy. In measuring the spacing i;vis
important to be sure thebdendrite axes are -either perpendicuiaf to, or in
the plane of polish; ofherwise the measﬁred spacings may be distorted.

" Normally, thé dendfité'éxes will be pefﬁendicular to the surfaces of the
.iﬁgbt, i.e., the dendrites grow in the diréction of the.ﬁaximum thermal
gradient.

FIn somé instances the segregation may not be revealed By a simple‘
etching technique. In such cases it will be.necessary to determine the
appropriate épacings by microprobe--again being ¢érefu1 to select the
plane of.examination so that the true dendrite spacing is being measured.
An example‘of the usé of this technique to detérmine_the spacing is
{1lustrated in Fig. 8 for the as cast Fe-12Ni-0.5Ti alloy.

The section of ingot chosen for examination is not arbitrary. The
dendrite spacing is a strong function of the freezing rate (see, fof

example, Metals Handbook, Vol. 8, p. 159) and, therefore, varies
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considerably within an ingot. The largest'spacing'Will be fbﬁnd'in the
region whiéh freezes at the sléwest rate, which‘ﬁill usually be,£he‘1ast
region-to.freez——i.e., in_the center of the ingot'near;fhevpop. Thﬁs,
if the ingot is to be completely homogenizéd, éne must design the
hbmbgenization procedure_for the largest dendritevafm spacing found in
the.ingot. | |

To complete the analysis one must also find_the'apprqpriété value
of the diffusioﬂ cbefficieﬁt; D, from the 1iterature; It‘ié-importéntx
‘vto obtain én-accuréte value for D, as well as £ and %' (or 2 alone), since’
G(Dgz).ié.an exponential fundtion;i If should bevnbted that there are’
t§q-differeﬁt:difoSidn coefficients that will be foundvin the iite;ature.
: Tﬁeée'ére thé'chemiCalldiffusion coefficient, usually indicatéd By 5,
and the intfinsic diffusion coefficienﬁ, Di.v The chemical ;5 is the
pfoper one to-use; : R .

Oncé-D and the appropriate dendrite spacings‘ére kndwn it is a
| simple matter to calculate §, for any éombiﬂation Of.temperatures.ahd
timeé; vItbis, of course, desirable.to use'ﬁhé-highést temﬁefatﬁre‘tha;
is praqtical. _One must, however, be'careful not to use a'tempera;ure
'so‘high that any part of the ingoﬁ'may melt. In tﬁisvregard it i$ 
important ‘to use caﬁtion in selecting the material upon which- one fésts
thé ingbt in ﬁhe homogenizing:furhace. Diffusion is sufficiently rapid
:'atvthe temﬁeratures usedlfor homogenizing fhaﬁ low mélting ailoys may be
formed quite'rapidly and can badly‘damage the furnace in addition to
des;roying‘the ingot.
In general-for,the elements normally encounferéd,iq steel,'ﬁith the

'exceptioniof carbon (carbon homogenizes very fapidly), tempefatures
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below 1175°C require impractically long homogenization times. .For example,

Table I shows the homogenization time (according to Eq. (6)) for nickel
required to reduce the microsegrégation by 75% (8§ = 0.25) for different

homogenization temperatures. The dendrite spacihg (2%) .is taken to be

F -33,500 9
N . T )

The selection of an appropriate § is somewhat uncertain. A good

200 ym (a "normal" spacipg) and D i = 0'77,6
guideline would be to choose the minimum § it is practical to: achieve,
since the priﬁciple of hqugenization‘is'to minimize the effect of micro-
ségrégation bn-any Subsequently_measﬁfgd property. It ﬁay'also be
possible to estimate the required § from the known effect of composition
on_the pfoperties'of intérest, and the measured’C; and Cz. For exémple,.
the known effect of Cr on the TTT diagram might be uéed to'estimate what

value of CM(t) - Cm(t) = (C; - C;)vcould be tolerated.

In many instances the “rectangular" dendrite‘morfhology encountered

by Katf#misvaﬁd Flemings will not be réaiized. In these cases Eq. (6)
should be used with the appropriate spacing, determined as discussed

- previously. ;Here, the analysis may be represented very simply in terms
of fhe dimensionless parameters (E%), as shown iﬁ'Fig. 9, i.e., § may be
:quickly determined, for given-setzof D, t»and L, from Fig.v9. |

In viéw of thevapproximations inherent in using either Eq. (5) or

.Eq. (6) to determine the homogéniziﬁg kineﬁics it is desirable to have 

sbﬁe_simple;'independent technique of checking the homogenization of an

-ingot. Either metallographic or microprobe examination of a homogenized

‘ ingot will generally be suitable for this purpose. As an example, consider

the homogeniiation of the Fe~12Ni-0.25Ti alloy which has been followed

by both techniques. The as cast microsegregation at the bottom of this
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ingot, wheresfhebfreezing was very rapid, is-easily're?éaléd(by_the .
reﬁching teéhnique as previously shown in Fig.-7;“The etéhéd "grooves"
- of Fig. 7 are shown in Fig. 10 to be_regions.of high.titaniuﬁ content.
'Thi; can bé,determined‘by.comparing Fig;1121With_fig; 10b.’Both figures

: are é1ectroﬁ.miérbprdbe photomicrographs. FigurelOais'a‘topdlogicai |
map resulting form-back-s;éttered electrons;_while fig;idbis the_éame,_
regioq viéWe&'with'an'X—ray analyzer caliBrated ﬁo TiK, radiation. The
as cést’miéfdsegregation'at the top of the‘ingot'is éhown in Fig. lla,
along with afmicropfobe X-ray séan for Ti, Fié. llbm The Ni scan for
the éame afea‘was.préyiouély shown invFig. 8. ©Note that the’deﬁdrite :.
v‘spaciﬁg is‘clearly much iargér at the top of the ingqt; '

.. ﬁomogeniZation.of specimens of this al1by'Qas'cérfied out at 1175°C
(in vacuum ~1d—4 Torr) for varioué times; The‘progeés'qf'hémdgenizatioﬁ
as fevealéd by the etéhing techniqﬁe'is shown in Fig. 12a for the'tép of
;he ingotland iﬁ Fig} ibeor the bottom. It is cléar from examination -
of these figures ﬁhat fhis techﬁidue.does'show‘qualitatiVély the progress
of homogeﬁization, i.e., the bottom of the ingbt éppeafs to be:completely
 homogehized>after 24 hrs wheréas the top 6f the‘ingét appears to be
unchanged after 24 ﬁrs. A ﬁicropfobe scan of Ni waé_&lso taken fdr‘tﬁe_
‘lspecimen (top ofAthe ingot)bhbmogenized 24 hrs (thé_écan .wa§ ;ékeh éloﬁg
- side the scratch éhown.on tﬁe micrograph). The feéulté'of this- scan ére
- shown  in Fig.'13; and indicate, in‘agreement'with the microgtéph in.
Fig. 12, tﬁatilittie homogenizatibn has iaken:placé.(seé Fig. 11 fbr’a
comparison with the as cast seéregation)f '
The expected effect of'various homogenizing tiﬁes at 117560,

calculated according to Eq. (6), is shown in Table II for Ni. The
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calculations are not shown for Ti since indicationslo are that the
diffusion coefficient of Ti is approximately 100X greater than that‘for
Ni in this temperature range. - It is apparent that the calculated
effeét of homogenization time on the microsegregatipﬁ does agree well

with the qualitative results of the etching technique.

Ay YUY
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: THE - EFFECT OF DEFoRMATI’_oN ’

| It is comnon practice;to forge ingots prior to»homogenization. This
practice is:motivated by.the'apparently obvious'conclusion that’reducing
thevingot section will correspondingly-reduce theKSegregation distance,
‘,_i,e.,-the dendrite armJSpacing, 24, and thereby,_the homogenization time.
It 1is difficult to believe that very heavy forging,‘such as severe
upSet plus cross~forging,idoes.not have SOmeibenefit in this regard.
However, closer examination of the problem indicates that forging w1ll
not alwazs be helpful.

v Consider, for example, the 31mple dendrite structure depicted in
Fig. 1. -If an ingot'w1th this dendritic structure were forged on a
rolling mill with, say, the rolling direction along the z axis in the
X~z plane, any reduction in the dendrite arm spacing in the y direction,‘
2;, would be accompanied by an increaseiin the spacing, 2 in the
X direction. Thus, while homogenization would now occur more rapidly _
in the y direction it would occur correspondingly slower in the -

X direction. This situation is in fact reflected in Eq. (5)——1 e., as

L becomes very large in comparison to 2'

and for reasonable homogenization times 5 w111 not be reduced below 1/2
Any three—dimensional dendritic structure can be expected to exhibit the '

same effects, at least for some types of deformation.>
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Thus, what seemed at first to be an obvious conclusion, namely that

ingot reduction will be beneficial fo homogénization, is probably not
in fact alwayé true. It is unfortunate that very little experimental
work has been done on the effect.of'forging. However, at this point in
time the best one can ao is to be aware of the-gossible consequences of

forgiﬁg prior to homogenization.
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APPENDIX

The initial solute distribution is given by -

CM B Cm ) ' mx\ /. . my\ , .0 3
C(x,y,o) = ——4-———— (1 - covs. —2) (l. - cos 2,) + _Cm_ . (a)
- The complete problem is
2 | 2
] C 3°C 1 3aC
D.E. < +So=222 (b)
: sz 3y_2 Dot .
| L aC _
] B.’_C. X — VOI, 2 3% — 0
aC.
= ' —
y=0, % 3y 0
t > - C(x,y,t) - c
I.C. C(x,0,0) = Co
- C(x,%",0) = v (C )(1/2) (l - cos 1%) + C:l
C(?9Y_:°) = Cm
Goyio) = (© = Y /2) i - cos ™) + °
c(%,y,0) (CM cm)(.l/z) (1 cos 2,.) +c2
'c(z%zr,o)'= cy -
The géneral solution i’s.
_ v - 2.
N £ ENE
C(x,Y,t) = E 3 K cosg—xcos%ev. L \&'7 4T L (@

‘n=o m=o .
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The average concentration, C, can easily be found by using the fact
that C will not change witﬁ time. Thus C may be found from_the initial
solute distribution:
' : ,
C = 1%,— ".Q,J.Q, C(x,y,0) dydx = T + Cm . : | (d)
o o0 _
Now, bj #pplying the usual,Foﬁrier series techniques the cqnstanté

K can be evaluated:
nm

forn# o, m# o

. : N A A : o _ . |

cos E%—’-(--cos E%X dydx

T

: L AN - o .
Knm = ' f f [C(x,y,o) -C). . . dydx
; a o o _ .
" and forn = 0, m = o
1 -
Knm T J. Jﬁ [C(x,y,0) - C] . . . dydx
' [¢] -0 . . L. . . )

Substituting C(x,y,0) ahd solving £0r.each éase, it is found that

(o} (o]
K~ =M
11 4 ?
Q_ (o]
B eg. _'CM Cm
10 01 _ 4

Substitution of these values back into Eq. (c) gives the final solution

C(x,y,t), i.e., Eq. (3) in the text.
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Table I. Homogenizihg times of Ni required for

' § = 0.25.
Homogenization - v |
Temperature (°C) 1050 1150 1200 1300
Homogenization A ‘
Time (hrs) 645 109 49 11.5

Table II. Homogenization of Ni at 1175°C.

Homogenization Time (hrs)

Residual
Segregation —
Index B 1 2 1/2 4 12 24
s . o |
Bottom of ingot | 0.68 | 0.37 .0.2 ~0 ~0
12 hr | 24 hr | 100 hr
*k 4
§ . . '
Top of ingot 0.80 0.68 0.20 - -

- %*9g = 50u for bottomvof ingot.
**22_= 250u for top of ingot.
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'FIGURE CAPTIONS

Fig. 1. Rectangular idealiéatiph'of dendrite morphology. Cy = maXimum:‘

| Fig.

Fig.

Fig.

Fig.

. Fig..

Fig.

Fig.

‘ Fig.'

4.

solute concentration and c, = minimum solute concentration.
2 and &' are the dendrite arm épacings (after Kattamis and

o _ .
Flemings ).

Diagram to illustrate the appearance of_fHe'soiute field'according-

‘to. the two—dimensionél sinusoidal model.

Isoconcéntration curves plotted according to Eq. (2). Experimental'

.poihts determined by Kattamis and Flemingél-éré also plotted for |

comparison.

.Cbmparison of the tWO—dimensiOnalimodel employed hereinvwifh that

used by’Kattamis.éﬂdﬂFlemingslvfor'the héﬁogénizétidhvdf Ni

(g-= 284 ym, £ = 188 ym). | S '
TheArésults Qf Wafd4»on the homogenization kineticsﬂqf Mn in a iow
alloy'steéi. The curﬁes.wefe.célculafed bvaard acCofding.td

Eq. (6).

A miéroprobe scan across secondgﬁy dendrite-arms in'a directiona11y
solidifie&, high Mn alloy. This figure illuétrates a décidédl§

non-sinusoidalbsolate profile. After Hone and Purdy;ll

‘As céét segregation as revealed by the etchihg téchniqhe. This

samﬁie was from the bottom of the‘iqgot. .
Microprobe scén for Ni across the’dendrite arms near the.ﬁop ofv 
the'ingdt;'as éasf.‘ |

fhe'fésidual ségrega;ion-iﬁdex,‘é, aé a‘fﬁnctiop‘of‘;hé

dimensionless parameter Dt/lz.



Fig. 10.

Fig.‘ll.

Fig. 12;

Fig. 13.
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Microprobe photomicrographs showing that ﬁhe "grooves" in

Fig. 6 are régions of higher titanium C6ntent. (a) Back-
scattered electrons. (b) X-ray analyzer calibrated to TiKa
radiation..

(a) Aé cast migfoseg:egation at the top‘of the ingot.

(b) Microprbbé scan for Ti from thevtoﬁ of the as cast.ingot.
(a) From the top'aﬁ'the ingot homogenized 24 hr éf-il75°C..
The'micrOSegregation does not appear to have béen'mﬁCh reduced
by the homogenization treatment..'(b) From the boftom»of the
ingot, hombgénized for (i) 2-1/2, (2)112—1/2 and (35 24 hr.
The'microsegregat10n appears to be completely eliminated at

24 hr and almost eliminated at 12-1/2 hr._

Microprobe scan of top of ingot‘aftér 24 hrvat 1175°C. This
s#an was taken a1ong scratch shown in Fig. 12a; and shows that

1itt1e homogenization has taken place.
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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 Energy Research and Development Administration, 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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