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eet'terln ~~tl!~t. rlfilis :;hemmuu .. 0.1 .. can tnst l~ eJtvlau~o4 bl' 
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t...W; ttw:1fjfc 4,,, t10l!:~ A · t'""'"".:1ut. 11 ·· llw~ .n t~.i;i ~- ~iid.$ ct 
"t,t. 11.lif.i d~tn u~ 11 ·~s .•OC!itul.et•;p,,., "' t!~ re.:'Q~t Jr<fl,:i: le ct 
t~ :1S \<i~et!Of. tll O!l ~ .,.,.. r&i~C ~ ) .• 

L.itt)lt~Ult; tim ts 
X•c~ 4iti:tnf:tlc;;n &r~ iif.l~1tal.1o(ttu~ ... 1.1c . eu"~.s -~~e UGG'1 

to o~t~JJ t.JiG dtl'ta ~m olub1.!tle~, lf .. tl .. t.t tt fl~1~-'t~j; ~1~ 

~Jtl'1 · • ~~h~ ~ol~b1U1*y t.~~t.;;:~~1;ttt~~· i J'l\fli;S~tt;1C, !t 'tfl\C 

prec~i c~<ft.icn °'"' Jli.~1 tc t" .. 1" ~o~t.ton er tl;;°G re, ,c:rt. 
I:ll"lfit:tr., t~ DOl\~ .u ... tJ .. e fl)U'tecto1d~J. lf~eto-.t. ol tl.1<~ '11 ft!"at 

i'$il b~~n ~lt.t<:tttl ~~ 1GEHl t o. ~ w11r.t p0~ ~~ .. t ~o.•.d'i ~ la 

loeat«l Z1.t gh('n.~t O. J \ff) ir.;.t pnr c~i1! ~·••lb at. tJ~e GUtootio 
t,e:Q~t'.:tt~t~. Gtm.tl4r- lt·l'~J 41f'ftaot.1C-h t~tbtd.~ueu "7~i'O u~r ~ 

t.tt. obtn!i~ GOlt.t ... !,Ut et'ta ~t ~l\J .. tlt .. ~z~u~~tt~~~ c;;rc~ t.e ttt1 ... talWJ 
rl.d· ~U.t:ia e; . t~bo 41tl~r~r. . Q ;,,f.1ob@4 wl~(t! .~., ..,e~n.a ~z;1oa~ to 

ai.c. ~1-.tll:t~r04 oop,,, r ll~&t::.t~-f* ,11e~l4~ aatlttr~tar pattctns 
i·~ tM ltfa$t tJ~ua«HJ a:C>t~ ua& J)l \ell! ·.1..· tb~ a.r~ nraue 
el30:n•R11oy ~tton. c:;:at~. lattlc~ , .• f~1e;tero a: .. c 

,...ol\.~t1litJ :u.ottt u. it r;e{;'fult tlf.om tJd.1 ll~t~ a:re J.lert«!l 

1n table ~, ., A£• ~~itatum pt.tter.nt V.;.,ftl 6'tftatl .. e4 frv.~ win 

a~it:f;lnt: e;zp~tl~ 'l~eor:tl~•lilwi·~4 t'~)3WQtlm f"ed1ar.to1i . 

but tt~ .. ~~fl(:ot1~~ (l.1~~c) V41tr~ ~:-.. tt~allf n,.,.t ~enolvad ~"Gll 

t'n:iioo.._ .• to ~liih4 .. .t:;.Nl a,Q~~a·1.:e11. t~ ,UJ::.,~oa\84 ~ tte # ~a iJt,~ 

"GlUtll t the.;;"tl.l 15 VUt~ .1zt S~lt~ 1l:-.<l:U.llll.1.t.l Of tl~lr1W 1ri 

t!mitAl.Wl.'l ~t. 1!!£0~ ~lC. 1'4la~ u .. mf; o.~ '"d.'t~~-t ~~-X' O('rnt lb n la 
o:~ a mtt~ci1~ te »~:e~~tl;t"~ ~'~' dc;a;.~c~a l!!.t ~u U:$O 01· 'bttt!l • 
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.. 

\ 1> 

i.c ~e ,._t Si i{~ t;, ,,::lo 
t\D';G a 

ti"., 
l 

• 'ti" .. lJ t i~~ 

't ,,.~~..,... r" !1 ~ t,i; ~' 
4$; f1" ti ion. ~.,..J j . " .. ~ 

{~"'tit:. 





~J?ll~l& .W.tilU.t 
ltl 1. 111101 aam·· ~· fNteeai'eu 1,ti tct.u 111w1t1c•t.1oti 

"xr~l.b1\&li t~ ··~~e ~~"'"O&Vm~t,:.r-eia111 .... ~ ~1a1~1truci.ue of 

an a.-out 1 1 ·~ ~t , er cew:. t. ,...... earl~ ta at•~ 11"1 J lf;1"1'• 

10. .....-plA11 of tJ(;~JJO•it1or• 1 we1~:t pc.r c•rit 1.-~1 w ti 

\lelgbt i $r ce:ci't ia-~di ta; t h~ bQe ·'.$(l ti t•eattv ~t lJUO~ 

.....-~ 19f{'J~ to"' aev~ral , ou.>rEi fi1npl V•~ lttC> ii ~llH mtcn:·ostt-uo• 

tur11 w .. >io 'WU~~ not 10 ·eetiu;;l.: 11·1;~•~•dt ~ ti.'iilse ,1 tne 

IB• O-fiilt -~~Jl 'fh (i~Ot i'OlU 11it)" 11, 1't~ ot 1eatt tb.All 

l Vll""~i.U~~t Jtf:i" e~fi nt l_. OoC W~ff 4io'1ucd f;r.a~ ~l,,J.ll ftJ;G't.allo-

r~t~ t.c :cm .,.y11!i ~ it tt r~ ft1*t wi. t /. •~ i&..,lu.blli t7 

U$'t.;. tttAt ::"tlr:Jl.Wd tr~ tli.'111 X• t-a)• a:tt~~tlcu &t"'4.iea. 

libetoutloJ>o r~.,.n• 01 ~ w1g~t ~~ eml't 11:a-.h ~D""l•- au~ 

nc irielt~ • 1tiJ.Ct• it· v e. (;.:.i..r~~~ t t~ O,;.ite.1 Nr&to1.• if'M 

m!tf &Q'k:la witJ'jQut dr.u•t1 till,- ow:r'-ete.ttlr.1~ tbtJ 4ut.ect1c 



1. c'lt' t • ·t·.h~i, ,ar~ 't· ~*.t 1t4n11 ~Ct;! f'Jt. • .;1.y. 'l;t ;. el.::etrolJti.o 
~c •. ~u,.. ,. i ~~-10efi!t. tt ~~-d , m: Ci J."' t~ 

lit! ,( 1 to t,::ua s .. rt~~e t;f tt. 
,,.....~ (U~f.dr.~ r; e f" iLti. re~ 



Fi£1U'e s. 70 wt. % 'J:a ... Th. 
Ontr'.m a."lttilum 
solid. solution 
d n4r1.te.s in a 
eu t.ac tic .ma ti"' l.X . 

F: re 7 • 6 w • '1 T '.l:h. 
C &.Dln~ ta;;J.talw 
nelid solu~ion 
dentll" i toa ln a 
eutectic n1atr1x.. 

11gu~-e 6 • lO wt.! ,; ~·a-Tb. 
(i · , a tan t~11 ·!"!\. 
aolld solut1o;n 
dendrites 1n 
Gut etio matrix. 

Fi i x-c 8. 4 t. ta- fh.'1 
""'ect..to. 

Aoov· i£i ·>·»"l ~ .... e !led by ew bwillti tJ ,. au.r1'aeos i'<n o. :e minute 
1 .. a l t 5 aonc . nitric acid to ~ater oc~l'1t1or. to wh1e 1 wa.s 

· udod 0. 2; go ~udiii:1 !luos:tl:ioo. -.e for euon 100 ml. 

~e n:-1.plo .1<>,.,. 1, .. t 1 "':r a · ... cnst co .. d:ttio u .. 500. 
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~~, tero:sc "'ic, "•'r1Jt7 ~lit ~a-t1<f~:£i J . ~lool*~!c~l. 

cil t ~·~ Q OCillfj ..:1 tut1 · .i.J!J Qtfc et t cit; .. lo 

'I" t4 ctlo 11 ;i ~i:o.:e .. ctlc . ~ · t ~at; ~• t 1%5 ....; 
1ooi._ ~ 4 _ o.' :-e1 ;i; .. t z ~" (!e;; t t~tult=., "' C'f'ii'.,el'... ot 
$J tor~;~tnll.lc C~>m,,;ll;.;UJldfS W{t,,fJ :i"i;..Utt,1 

scli4 1t~ .... s 
t el ~fitur .. ~, ~ tw :..•lt 'W.11 ~4- "~ ~t~tt.t~ &.O 

tLo••1i~ w •I fc .~ u . al'.!(,>Ut c •. ~ wt111l'i1; 1 ·r ca? 't .- ti~ 

.,. tfict1~ ~,pc.rat~ e ti les tIWt o.~ v1~ bt ., ·P· e nt t 

t tl10.tl ~ t~ ·C~f\~~, ti.on t. ~r t~'ll ilk ftU ~otol l. 

~.rn.r:t a i- tnilt ~· trttrifl.1' . t101i 

n.j ~s~1.t• $f:!i . tJ 

u~l.u.lJ.11 .,/ ot tl1Gl!'.i~ · .l..n t· ~t., "' ,& tO'fl '"'" to b ~ 1~11c 

0.3 ~1f,µt pe~ cortt flt tL~ eut ctio 't(ll!· .f'¢»¥"ia.t.u:re. ine e~ncave 
11 1!.tt\un: o~t-'teJ on .bG ~. 'AAl.1ml rte~ s.tti o ti.- ·u'tGCt 

c h d'"'1t1on, it Peal, ~1oets tt · t fl r~c.tan or as.r.,rtd.d 
~!.l$.Ol $111 tf liOb~!.~" ~1~tli Ul tl.;.fll 'ttlOJl~.U!:'J•tti:~tfll ~ c.y~t~. 



4c·n~Yl~~ t~e dv!co e.nd cot~1~1 

'1il 11 .., ., l•• L~"~mf~ tb~ J 'l(;(tf"eiJ!il ~.1G nt ff.r!l • 

.AlriJ!, 1t~ .. :tl\<:J.~ttr:;m~ilt If· , ild:e t~ , D. • i\i\!1.1110~1» tor 1 .. 1~. 

~~qJ~2tlrtier~t. ~'."';~ a~e~.1t~~~ ti ~r:i11eatlgill't.i01b 
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WilbelJ;;, ; . A. 1bc;.r1Ut4. L'"l. F!r¥11•'k>t11 U. t • ~ ~. «!. p •• \... ;•!dlurgy aw.; : Ufi.1.11. PP• 2'+ 2,-0. ~ 
¥,on, .r. ~our•·~ ill I.too& co. , Ir.c. 19;6. 

' \-11111.a >I t fl . • t>ct(tilS.fit r• N. ~bD t~mtli1~1U:Ob1Ull 
alloy aflJtem• l\Jl(t~10all 1$®1ety for ~Grtal.G t ~·ras. !>Ot 
1061·1~9. 19~8. 

il.lll~, : • T. tbe Vm'.&'.<Ji~£1t"oa.uium allb1' #,Y!tw~. 
American Ins't1tu.te of 1n1n anitl. i &tall.urglcal in&#a1 rant. 20<h ~ · l)O. 19;1;. 
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