
DB~ ,:~U~IUAl I!'!N 0.f ThB fAtfiAWVi!"'" 

i.IRCONI"c.~M PUl1J-iE t) lAOf\Af~ 

A Ti4'td.a S11bmltt:ed to the 

!~.raduate Faculty in Pa.wtiAl ~·ultill..ment ct 
TlG Requir~ents tor the Degree ot 

M'AST&ll or SCIEliCB 

Signatures have been redacted for privacy 

Iowa o ta e " tl1 vorsi ty 
ct i1e1ence nm\ teolmologJ 

Ames, Iowa 



22 



l 

tno oonst1tu~nt tHl'tU:la or t.h11i a1.lo;r system r .. ~v0 01111 

tecD. used extensiv"oly to:r about the l)aat deeeda a.lt-hcuGt~ 't.co·th 

.... avo bear avai~ble for n c~ns!dt')~a ly lb1 .. ger perioa . lhfJ 

t1rnt ottrunpt$ to iiaolQt~ ...;,t1-cm1ium \#Ore mAde by !.e~ZGli1 s 1n 

1821•• lie ar::plo~ a peti$aG!um. x·eduotiot~ of pata!Uii1UG 

atrcil)ni.u:n fluor5.do bUt fa1J..0t'i t~ obtai • a mdleabl$ pJ,toauet. 

A!tor a ~vera.l i~.~vening tft\.cnpts wl'Gh ilt~i11ations Qf 

Eerzel1~3* ~.et.,~ t7 verlcue Wtn:~ers, tel;, t\lld Hamburg~ in 

1911,. p!t~~·od duotilo atr~cni\u:~ b;;· tt\a '~~b reuuouoa of 

au~cotd:1r'~ W\.r&\flt1orid$ v1tu eo41uxn. W:ttu the pf.)rfeotion ~t 

the Kroll iJ,rooeaa t~ t~:e p!"Qd.uQ;ti~ and 'tb.c li'.;.lU.do prooose 

tor- "'lle J'tt!in~~•11t of ziroord.um:t suft!c.tlet!t qt.ua .tit16t or 
.. lgh purity •<i~l 'tiQI" TnQdG avtrilfl 1e for il\1Clu~ 1 Qn ,J.cal.1 

eleotro.110 &I'll other GPJ1lie&tiona. 

'th~ low tl*~al u.out:N~n o(J;,l.uro erof.HJ S{;?Ct1on ~ the 

t-e.1a.i .. 1V~lf u1gh stre:~gth OJ"Ji oor!r:o£1101& reslst&uc~ ut :d.reo,ruuul 
~e pi"ope:w:t1e~ whlcll 1.H·ibanoe t~D •~iiliot.tion as a co •o 
ot~etura.l aiid f\YJl 411U,f.U'lt ~at~:r1nl ia nu'°leur ·eutliAlrs. 
Looo~so of ita Gil~:ttttf~aotor1 ~orr·osior rft$1sta.r.i.ee, z:trcontm 
:ta used &!) ~ e0,rn;,,nu1at" ~~d :rti~uotural ~t.erial .t.u tbG oh~Q~l 

!.n'lt1sUy-. Z1roonium 1s '!J,&~d as a cet'tor tr .. ol(;ot~o.e1c tubes 

~eau~ of itt, aft1oit)" for ~&en · t hltr~ te"x:pe1•atiu:u.. 'l 18 

Gl.\IUD t~Opsiat)f t,!7~VGu~S ti~tJ tig l t~$p0l'' turo a,p~. llaaUo "' of 

pm~~ ~ircor~t.'!n ar~ ~~an;r a11•0.onium a:U.(IYS Ul ott~I" ·tban an 



'lGJ>"t 1.ltec~phore. 

f"iln tu. :ec.~v ry of' 

it Vt6a co mtil about 190; +•at vo .. l?()ltoz. pi•oouc ral \. vo. 
l.r pure fl ztt ductile ttalt,, .lum. !ho e tl!f U8t:}S Of "" ntalt tfe,,.9 

e a lmi .. p f11WGmut 2!l4 r .t ·l .:nf! • o carbide t(lb.llla 

t . 1n oorta1n typos cf at~e.t. so.~e ct' 

a "l1e~tio.no inel'Uf!e cha~ . .1e1.l cen •.-1nol:'a t'Ul pr ;es oqui .. 

nt1 t.1lectro1.- ·1e enpao .,ors~ v. c~ ft\~r.u~.ee nnd cruel l. ." 

te:-l~i' T~n:t.rul.m e.ilso 'be pro eat oxtda-cion 

elovatod t~riperat·ure~h 
!h 1nwat1,et1on o;t· t.tl(l tan # ·' ~-at~emu\mt syst WQ · 

the .. ropa4 ties QM n so rt.ti t1o ~.!ID1 A~ o 'le alloy cf' 

ef1•actory '"otl;.ls with tt ooe baVir4t P.t~l1uat1on in nue 
r actor t~c ~olo~"Y.. t: o oi~ 'W~ :; ovaous 11or t eo .... ,lo.el"ni 

.,nJ.5 fllli::>y & rat~ eon£ii1e ed of ~u:rt1al pi'lt•~G nvcs.t1g ti.on 

~a th:e Ett~:rmi.r.m ti.on .nf t.te ~'Ge UliiiC~l p:re1pcl't101 or •• 

cont 1.tii ~ U'"' to 30 w/o t ~"&alt; . :; . .f.U"t f en 
ot oevernl 1•co1ij:um alloy s1Gte 41., ib.~1 "''o rt<K\ a alt~· 

bill t1 of bout. 10 fif/o tor tantclt~ 1.n be ta r.ucor.J:us , 
vtrtuall.y no aoltAbil1ty in tho lphs pi'lU6.- the \t~tn ~ol:l<l 

5alitt.to.n v r ;po1·t0a t deecm.£)OGO eu:teot.old ll.J• rt1es~ 

:tnvuatw :r..wrs el~o aotarrr.t .. nrid a ..:o rof t?.e ..... 1on1 ·u 
prop-· "t1o t t?:. • al.lo~ o t reo;,, ... .tperetur · 6fr "' . 



'Pfetl (a) .1cVa.f;Jt1catad tt~e bGt1dJ1esa nr~d re:leros~.:uJture or 

sovGr l alloys ~nd 1.tugt~•~t.ed tJU\t tfio syste cont~ .rllO 

euteetic but tht;.'t tn~ l!g,t;it 1J:asa tn t 1e ootoe't1~11k$ 

pha" o'I! u ta.ntultmi• t-luh solid sol\.t1or.. L1ttC111 (l) , l'cole1~ 

(lt-) 1 ~d c .... ubb (;) co;;:t<:tucto<! sepur3te !Jsv~1t1t.S.ga;tons on 

aiJ.~conit~ alloYu tfl 4a~l"lll1r.48 tt~e thiteoGn1oal FOJ>~:n:tie~ at 

a~!bi nt ·nfl 01ovut ·d tw.aporctures . Va.,'\ Th)Ttlll a."ld t ov rso.n 

(6) lf*e~:icr~ t ~a t(iln.$ile p::opert!o$ ar~ tet-:.t;o,t1ve P• f.\Se 

rclat1cnshl:p~ ot rd.:rconaun- b"use tt.lloy~ et:nit-Qin1ng '•P t.o 20 

;/o ~nt&l~"l. F:ro:.n m~tt:•llcgi~avhie obtHlrv~t1one u ey concl:u4ed 

'ti .. at tue ~ta pbo.ec C~o~s~~ e-dtC!foto!.tlfaU:sr et a com 10s!t1an 

ot bout 10 v/o 1:.ant~lmn e.nd tl~a't tlle ttaxi.:AU: .. 1 sulublli '1 01~ 

trult-ali.W tn alpba girc()rd .. i~ il1l 16SS than ~ v/o., fim.t'JU'&nov 1 

~ {'f) tttii.U.Gd tbQ t:aJ1·1talum.·~irecn!'Um systcn by tletal• 

lt:Jgraphy 1 thermal ~lye.1st olect.1i lo1+&l fl't•.$il'Jl.~ncc ;!SO.$.U1i\i:• 

trient , end • :t-a:i; d.if.ft-aotion an4 oonal\,de4 t!lnt t ·& sy~tem 

is ot tt'..e outectie typo w1tu limited solUb..!.::U.t;Y". 'i:t..e 

r~portoo vtilu~~ -of i.be euti· ctic t~pf)l"Cttura a::.d Of;:liJlptJ$1t1on 

are l56S'CC nrlti. !)\) w/o tMtal~ l'~$,t.~eot1v~ly. T?la aolttbflit.y 

1Wt£t at t .. l& r.n;tt"ctio 'tt!~pe:ratura wel'e gi\rQu ~ ... ;f'l ~lo t 

t: e ~irecr.ai't~·ri<':I. vUd ~nd. 9 v/o at i..h~ ta,.;'"l. .. alw• r1 end• 
211$ beta. solid ~olut1o:l 1s. r~po:itod to d1ucomr10~ eutecto1d-

!ly at 110°c a:ld 13 v/o ~antalur~. 



'l'l"..e z!r ct..m.:tiw · ~ tn the :Uavcst1t;~t1o~ w, • · obtal. -d 

trow t o 'to?ti. o i eve.. . 1 '-'1S1c:1 o. tho tiie.st-ne :wse t7fl .... ett1c 
Gorpor t1o •• Tl e r.;aterial is lov• n:J.in ery.,tW. bot' aircm-

N.e:tting WQ!i IU':OO!n_pllGb~;i 1n i:.~n·oem.sttmnbl.O , t"Unf:]l$ , 

claotrooo nre f\lr.r~ce cons'U•uot~ th t.b1l ~ea "' .. t~t·atorr ld 
d cr.i~)ed by .i.av!ngutt.)n lt! ~1111~~0 (8} . fl: alloy& w r 

melt~ un~o:~ ~ nt!'lC!lf;hrare et t4eli"Jm ufttir evuc\u;,ti.on of ~ 

c sb'.ir to o. pl"c$sw.~-e or l$ss t ·Jw": lo•S Jtn Fie. 
1on 'tO th~ f11rr .. ace c .ber, tl.;e l.ium aci pur1t100. b)· 

.... l t1.tlf: tt e .. u..r&~ ot e1toon:1:,uu. l \:"' tor• ocolo4 ooi111er 
hearth -eonta!na r.>.old$ fer :mak1t>.S buti;on• tJhi.\\pe,1 tk'ld l'Od.• & . poo 

ta.t.talum- ""'ircor..1'®1 ~illoy~h c .. ~l"f; · con ntrd.ng 10 to "O st·oma 
of to?\talt1;iJ 1md z:t.recn!~ tu ,ipiJroprinte: fl?'f~,port!ons 'Were 

placed. 111 i'7 ~olda tmd <!ltetl 't, l ast su t!.m:('Js. di 
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!be m~ot~' -w"t'~ t: br eatcd :t... · ~:pecitu ea ;; sov ~r l 

d1fterG~ t .,;:,eQtJ.s., Simpl ut"' 1~ wal!l c:arr!~d out wlt ... 

aili~on oubide bi•iu~1ve Ga.\lf using vatc~· G.,; a coolaf'~t .. 

i&.e .ir.ing over~,.1.t ()ns ueh a.s tur111mh milling u fl.rll .. lne 
~-e sncu s~ lly iie~.-rt'i a en all no alloy~. 

V'· re woduead to Y!a'a Witb d;ltame.ta o lil.S ~all aa c .03 
by !"Ct~~ &'ting.Utt; 9rd fut"~ter r \d\4 "ticn na efteet.04 ¥ 

bt.t rod!.ly swafe4 with !~o :ipoeit.al .. eat. tl' .<att .. en1o. '!t~ 

rGma1 ti' f th allo.t c t~qu!rcGd at; leo.ist o~ into0rt:l ! ·· ,.,o 

U'f. tel."< ed te alloys lfto~ drn11nt. t-o d ~ !i.m$ t.fi,l?Nl . ~llor t,um. 
tile 0,.030 incll abts!ned by sw4,sttig. ln ox~del" to •(l!ve.ut 

gal.Ung dt i..flf drtl' if'L t nn O>;.jj~() t.:.oat.i1:g W!L ,Ppl1ed by 

lv n 
rolling .. ,,.u1. :. t~~1 t:.?p~rat(Zd roll1tiwi mill l.tns: i;uwd ol'" 

sma.tl s · et p nU,.e .-cs iwJi to:- l'oti l'(;')lline. wt :nr~gint: Ki 

s~e:itll:ls onolos~ 1n eir•t.t.~·bt ste~l 3~~clr ts w .ich Wt.Z'G 

suta'iull iently t:'e. ""O'Wfd 1 .. tl•l1tdn , ., 



l~elt:tng Po!ilt. t>etorcinat.1oun 

'fue tll{;llttns polb o of' the tnntalum ... s:UJc:oni'U?Jl alley& \let& 

ti ter-c1r~d vi th t. •• e d.Prtl);.':at:i11 doaeC'i\k:f-ld by 'k7illil.ltn.s { 9) whiel1 

ifJ 'ta:1ied on t .. 0 ~,~boa o! PUWi.l a."14 Jilt~tnum (lo). Xhis 

cop,,$f ~lootrotlos 1& OJ.~ps. liulati:ng raa ee~111 "ed ut J.f£ ~ 

ebem.bor eon.t111u.ously ova~:mo:t~d t'C tt residi1u ... 1r :U-O$~u.ts ot 
ltu~fl 't1lan io· S :ZD ng. T~ll•i-atur~ W!$iiu~Ul",et't.0J.ta wero m&do 

w1 th ~ 1'.coo anti ort ,,rup opti~al pJlr.rom.(Jtttr ·tn~ough a ~lass 
~overed obGer~n:.tion tJO~t ln tt~o top of tbe chaQ.'t~ti . rbe 

f)."c,,,.ote~ \la~• toeU$-Of:l on e .cln dt'"1ll~d !n tt.1a specimen. to u. 

deptr ,reatr.tr sn four times tal!'l b.\ ... lia lli(.U'Gt.ftOlh 'fhis depth 

to di'. ete:r t."uti~ 11~~ st,.mii~ ad.&Qunb1' ·to p.:r:oduce fltl@.rlJ b aqrL-

~Y eol'ld.i tions by ei~t>ol::Ju~ t:~ c~l t.ius 1PO!r'1 ta for t.i1tcl)lt1uzn, 

n1ob1Ui.A' 'lWMt\'lm '14 ~t ... ~r .... ~t~l• uau:.s boJ.f,!S or !le proper .... 

ti on. 
ft\~ t~~p~ 1t.\ re was it1c~a~d slowl~r ~'~ ~111le t~ van 

all<>wod ro1,. the specimon to attrili.'t tlqwilibf'i'tiatlh. Whe!'l tbe 

t~11era.:L-u.:rn oi' the ap~ci!r~n 3us't ra .. tieooed it.~ 1i!tJl14ue 

te:~pG~atul*e:, a dr"p ?t liquid tol"ll~ 1n tt.e tottO?n of th" 

si."lrt .:10le. fh1$ de~tr...,yeC t~ f;Z< blnilk• bMY ee~rt1tiC\nS an.ti 

p.roa'uoed a &Jr4 at.at 1t1 tnf.;.> :~olch ;r~p$r~.tu1·e moat:nu"mn0i1tai 
wr~ r.»:t~e tu tbe !tt.<le tlntl on the sul"f&C$ o!' the oaJ.• ~di• 

ately oojaoant 1..u th~ hole .• ft.er !flqu-11:1~.:r:i;~ ~as att~lned 



r~rov1dod a relott.c·t"nr.:1 "lfli:ij~.fi tbG bmck- body t~~:r~turc 

r.m4 tl.~ !$ur.raoe or 6J!~er{m.t. t~DQ:ft!tu»e tor th(t alloy be1~11 

taet.nd. .rlfoi. "ore 11¢tuid :f<or~ed W"lth r1~111,f: tet .... pet•atur~ tl,a 

h<'i.le dioappilared att4 c~ tb~ st.U't .. ~ca t~:l.i1~l'ature vaa moacu1"ad 

unt11 'th\! b~ 1m~ltel.'t co~pletel,.v in t~,o . !4'1~ uur;t~ace to ~pora­

turo et iiiieltir~ Wl).s t:ott.r()et~ fill" .f:im.~1.s~.ivity er.ror b an 

exliJ:(tpQlG,t1on o!,' t ~e t;JA(!.f,. ... be\fl.;y vs. cpli1~1'a.:tt te:;pe:ature 

t~J:i$1(>n. of tn~ liq",\id wero etu:t1c1ent tu lM:,ep t.t,.(!) tltilr !n:t.llot 

p~!t th~ tru" 11qtti.dus t~ipert::tut·is." l~ht E1.r.rvl!" ttue to t.n" 
f'iXtr~JQlfii tion lf;;f tu~ Jl'C·ltilf.!O!ls.bip b~t"...~oi~ the at'p"i,;re.n:t Mtl 

blaek• boo:r ~.empq,n•tittt'Nui ~1t 1.tb.e tl)l1.tlu~ \i~~vcu:·at\.!'0 is 

l"€l~t.tv~lY ~~~!1 ro~ tb1~t alloy syst~ $lne& tlie 11qu1due 

Gl'iil £;OU,1u• t~~ s•i"lat·c. ted bJ' ~ ~.all tump~:t·ature t.U.ff'ere.neG 

mett,od. \t~s~n o.ppli&t! to 11<{'tl1fl.tJ.s ~ete:r;r.iin&t.1011$, it wue the 

t:LOOt ,Pl'~Cti~ble C111e 6V1A1l*1'tlfh 

A set of' :.flt1$0il a'ld Ler~b -t1&utr~l <1et1$!ty .filter.ti \ii"&a 

'USi!d to ext~~m.r' 'tbis o:ff·~et:tt?.l;'(I: l.1~1te cf tile O};ltlo&l p);t•o;,.etel""• 



t.r&e PYl'Omfr<t~r Qlld fi.l~1~~ uei~• c:~l;tl,rat~ wit A a slJlt;l• 

fil~ellt l.n. •P " aVing tl Ul.~W.'"l eu:r:rotl • ton\ptU."Qt" .r(;l tillat1onabi}~• 

Tb ea11l)l"'a.~i.on tn r-ve.ll ior tt:ae neut:c"ul de.rud.tY t'1l~~re arfj 

eontnir.t <1 in Fiburo l a 

tlectrlzs.l :le tst..,.nae lP•t:;):V . .t :Lnatlons. 

~httJ ·9a:riijt!fln. tf ~l c. r1eal 't'J4'J$1~\iJln<:e c! the t4·11t~lt.i.m• 

zireon1 - ullf;';YG with tii~pere.ture w .. !!! 1.nv~u:.tl.f ~tGd. frc;n :reel! 

t; ~P')4" ture io l .... O 0o. Tw 4 lffa.i•e,t t ·~tu~r..e wei-e used , cne 
for t. • t'Wl O £270!1'.l "OOW te..:.1porattt.tJt:~ to l OCC and a:t,.Q..: ··~Ji fOl' 

tt~u l .o!;;\e to 1Scoec '1:' :r::, ~. 

In t .~ low t: ... perat:ure 1'.'iange1 U·~hap$d spc<=ittlDna p.ktt'"" 

fL1rod f'l!O'!fl 0. 03 ineh d5.•etc;1· wiN WS:l'e w:a'ted !n a V£)oumn 

by s :re$1~ti:;,OO fu.,.n~oo. A lJ?'t ~sure of le'jSS than 5 x 10 m 

Hg vaa alntuneet 'thi"i .. n.11!°;;,0't.Jt thtJ <1'~perlm nt. dll"e-at 

~urr~nt of 'O to 100 .a.. wa p~ ~ed "'h.•'-'u.gll the spetd.mon t iid 

a s a;:ti~ltt'd rtissietor e,.mn~etr;d in t.1t.n .. :ietJ wtside the 1\t.ttMtJ • 

'By m~ &lU"U>.~ th~ drO!l 1n llt";;t !1ttal ~1eros'tl c~ob, t .e C'l~rrer.:t 

tlt"~1n.r ilt'.t! tb~ .resi:~ :o:+..c~ of tr~}~ s_-~ell1e.n w~1·0 dettJl"mif;.t:;;J., 

Plntil:w witre .. , spot we1 etl to t ~e s_..llc' ,~cm were used !'or the 

cm'rcnt Witl i;otont. itl le .as. 1m-~pvrt\t:ure ~r.tSUl' uutintu var(l 
~*4~ Wi'tt. a pl~ti...,u=/plntin~-;rt,.;• .tum lhUl"t.:.ocouplt. WeUl. (l to 

one leg ~~ t.tH~ at~i!::!e.1.'!. A ea .. rm~. ot tl:~~ QJ..fii:u;rtca 1 c ~rc,'1<1 t 

ls ~Gb .. t~l.un-4 in Ii igu1·e ~. 

pownttoraetric . otLOd 1"tu~ tll o uot'.i'd n t'le h! 

ten.pera~tl~ ri.H·1et.(wee eJ.'.put.•U:.~nts trJ.t lti'th t!JI$ tolla~tng 



F.i&'W:le 1. 1'ne ®litrrat1;Q.t1 ourv&a l.l.r'·(,!;,li~l1JlH2 f~11· a :.i.ei of' 
Xi.GUtl~a1 ~e~tsit.Y .tilter~ .. Tne .. ~owr. t erat>ui·a 
vs. tsie meastw~d te~~ilil'~t'UPC wt t,t f:1.l nre 
i;lott~d ft)i.. filtors er ti.iffei·ent '&l"i.itusm1vs1en 
v~J.t~e • 
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b nted 

$pe<"d.me.tl v ~$ auppol"t(ftd by Y1F.ltt1J-. -cool~d eop1:>e:r eleotl"otle· 

insid~ a (!~be.r &vac · t~~. to loss tban 10~; mm .. jg. 1~1e 

t"esl~tr.~di of ttae $prsc1'!.an W~!! oa.lculetett. {:;llnce Gmp i•q '\U"E)S 

np1 l~Ol'.tCh'" · tie t.~l ting po!l<tt o!' 1"l .tidum w-cr ntt n 1n 

t 4 n. e.q.eri f:mt. • . 01 1..".l. ~ di .. ,,...c t ... ~ trult'- lun wtr \las ' 

to mQ~.sur the r.ot{)ntinl d1"cJ1 alon tl1~ G!)(tel.men. ~he 

s too 
tc P'-··r~it d1·ill.tne a i ,;t hole, t.ne reat101 .. lp tintt1>1 ·~n 

1.>lf4a,.ll• body ud n.pparent t :pa:r~tur • det"1:.tt;Jin~d for the: Uoys 

., trip .• 

to bi;;; satlet'tietcry bt tt~111 it t.o c •. Q .. t . e 
om at I,;.;; ~ Glloy • ~'l.e n atia'"' uurrEmt 

stiv1t t 



Ql ctr1cal gircu.lt. ox· d~tert:illing tl1a varia~ion 
ot ~loctri<U.lll l"~e1eta .. co w!U.o tu~.p.orQtW.-el.'. up to 
l~cooe.. ~he spec~n iii ii'"'Qt'lil by a fux~nace · 16. 
the 'llnlm0"'11n re-$1&t "nee 1D ea1m1l.nted t;r~ tho 
JPOte.nt1nl di+op d~q to u.e fl~1 of a Sf.llall di:t•e43t 
eu!?ror;.t. 

A • D C m1ll1~~tGr 
'P • Itubicin:.t potor.t1~0~er 
· u - GpncU;;ex:i. 

Rs • .. mown :rue:Lr,\;7.:l.noo 
Rg - eu1~,et1t rogul ~t:tng ,;."es:h~t~nce 
l't. .. Pl t~1/pl~t1nlmi .... riiooi·um tr;.er. oeou,ple 
V • &tor~f}~ cell 

ilaet.r1cal ctrouit fer dGte;rmitt1~g tie v i··.tio.n 
ot tll$cttt1eal t'-4lo1at:\noe ·w1 tt. ~.ti f5 "ta'ti.lf . s · .• ovc 
lOQ0°C. ,'I.le &iJGOimGn 1o !?aa ted by ~ l~i·go tU.r~ot 
eur~t%.r"t w~1:1ot, l!i a.li~ "t .. lo 01rcri ·n\i us•d ti.I caleuate 
~b u,n na~m roe1{ltanoe. ictIUporn ur~ ¥D.e a~""monts 
ai·e mada 1tb (l.;1 op'tH.cllilil .,.y.,cmetQl' . 

P1 • ~'1!b1c.cn P· t;nt.io~t.:Gr 
P2 .. Brown p.tttttI• 10?lltitor Ru - apeGiJf»<·n 
tis ... *'.in.Cwt. JNU11stG,t' .. <lO 
lie ... Low.et l~aolt fo1• rug-:1lating r;u-.r@nt 
V ... ?iii.Im of et~l:c. :e eolle 
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l ·xpnr ,..10 tn t~.1a 1 v otigat:toi,.. file 

v ""'1G~-, 41 . .tt .. 'e.it1el •~ .1.re ... l.n.~ 1,, 

atta®ed to ~ opec.it~*')t'h 'lJ;in u:f.e~l f'rcaa th.o tbo~~-oc<.tu;;l.e 

WQI ttpp.i. . d.1,t~(ftily f.¢ ttlO "'lt- !n ot tlla $COl:dat•. 'lb 

fQ · tlo t · po~at.ur. s ot" ~tnl:; ... lob 4~ bent ~co~- um and 

twan.t:w~. fbo g~lt;Udm ·~ e;rl"o!f ct t ~o atl&t~tor ilrot11 foun ta 
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~nnst'v~er mounted U:;.sid~ t.l~~· voe~ svi .. t .~. ~nis type ct 
anar~~t NQ.tlili'$~ tt.o ezt~:ti!a.n. of ele-ct.:r.1~al ru~t\ L:'Jan ~.J..oal. 

e.o~e~i.0::1$ tJ:ll."cugb tt1a VC:.Cl.l\'a'. chaiabzi~... • 1-J!or.t. ~ ... iai[O 0~~11-

lato .. v,...a ~d tc a.up il.1 t..10 ,it'r.!P~y cu::·mi~~ :011 tho linG~rt: 
tl:"Wl:SfO..,llfl!" • 

/ 1i. d1lo. ... \ita~ .. uaa corus~-w.Ct.-.Ju le'!" 4' ;ie .1.~tho~ ~m!rui alSlO 

u ~d ti lin~a.l.' t:~i~foPmo!' tc. SGilll.~e t .~ th8s.~al tiX}lQ.;!Sio.... bu 

witl'! t.t..c fo~· ir4I J.t;~lf.io~tior:th A 60 cpG tre:r.$t'o~r 

tne 1·:,t.t~ tolt tlri osc11l~toi-. ~sul.J.\tr;4 Uhe wlt~e iG po~ d 

a. ~ri~&i of aro!)pinu reet!fltO~a cLd lii~ d1roctl.Y ta 
t ,. .. im'"!l .. Y ~ir1tU.n; of t~...e tr~nsf o~~?: • !ly >t&rlrf.ng t~1e: 

ro~d. trmco tbQ .tz~put .. oltf4"->\t:1 oe:~ t10 ~~~itld :t~o!tl 2 to 10 
volt~ . ~'h<1 s .. ze 1.lt t;.1 tf·O ep:J t:t~Zv~T~~ iu .t\l~,a tb:l ~ it 

~Y be· tr,cu;;.;;t(tl Ol.tts14~ t...~~ "'ll'a<.iti.'\•t\ :Jy;t~. :h~ l~on eo!"o '.!t:l 

wit l Che syrs1.;G:lt ~ttfl.e, ~ to on.a ~ .J!' a fus~d 31llc~ rtld 

as in 4' • .zc !it."OlQJ"•Atlttns Cfl'~:.ra ii~h. !!:. tle~oatt~ y ·voltt\g or 
ti.JC 60 p:i u~n ... .:1~ .• ti$t 1$ :ic.ctifi~;.t ~11 "t...i a g~;-•• ,~J'Um i! ~do 

tne.r.·~ c(tupl a .. 4 J..! lllctt.@d ~ 1:.-ef'o1~0 on "~.,u x-.a:xl-.. ~.f tl'.w 

~~corn:le~. !lti . dil ~·ett:-et:r1~ ap Ql~4~tua is ~pl. •. L'l 
~:a1Jtn;1;,tio:1 t red .:~,i:.~et'ionw l•ll olac~~1e e~pG~b !~ M~vt:; 
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poeitl:on of tlle t?'an;atorm$l" vi!ld tn.; is 1'~111 madfl bf -~~ 

of a 111io:romeotu-.. 4\0l'~ • CO:l.t..~lA\~e ~1~1elding ,nd arot~it~ o~ 

all c~r.,onants 1n t-hf.t 60 cps 4llf.l°t(.X1Littol! :ui i"equirtKt to p1Ia .. 

ve1:i.~ 't.h•) 1nt~l'"f$rCMe of ~pm•io't~I ~ipals irr~ raoi{thtor111g 

ll;}tf~!.p;;<.ctt1 t- ,. 
I<1eo1.. p-l"'Of;t'~ o-ont;rt~1a1ng e~.·ru.tpi!!etfi.t WtrtG WiOd ~ Fl:Xiuoe 

h4rtatins and e~linl ~f\tO• ~o low C&;) ii ,out. ;)°C per .r10ur.. ft~e 

u;per llm.lt of ~h ooat.1.n.& at,t.d c.ooltng ~'*t.ea W:Jo !!Y..M b)" tho 
~~t"r1atiea or ti~Q furf.laco s.L"lee tho ~0M1~111~1 oqu1p,;.wont 
COltld bo $St e.o tr~ t tbs e\ll1rellt l"Qrill.1.innd on or otf con ~!.n• 

~he &p.o.o~rii*-SUp~t~} tltb<tl a:·~ti th@ l?oi u f~Ctin6 th~ 

i.~ru"'cteme~ 1:Q the •P~~zi vet·~ ~e e; f\l.S@d ~lliCG a.nil wot'o 

ao tu·~~r11;o4 t'.11e:t liilY or:tol' <hu~ t.e ~XIh~U4f;llon ·of one vo'UJ.(l tend 

to b~ ootrlpm,G&td ror by the- 11t4!1QY e.JCJ;&\$1cn. of t.tl<1 et.k~i-. 

Tha sp~l"at1Ji,. t'64ip-ol*a1lul'e '.tftl:~~~ rif thtl r.M~\it~unt was Si Oh th \ 

-cnoro. wti~ ru:t Cl"!(Dta'llo~rttpnic in.vorsioi~I in ~o tuaed e111ca 

metn1,,er1h lJotb 4i~t$1ct.el'11 were CW"iJ~e-<.rted to ft®'Um sys.t«1o 

t1Mel1 mnl.nt-nin(~ tn• Jf'e$m.tl"a w!tbin: tJ:lQ .t;rstaXi1 t~low 5 ~ 

I•~ llY- fH.f fraeiion 
.. 11 %•:.•ny ~il.Y!*titt tfttl"$ " r.term~ '1'itti f.t"ttered copper 

F...e roo1at!()n fr°'m a r..e:ral .!loett"!e XRD-4 ttl!leratot-. PowOer 

data we:re cbt.Qinei'! wi n .a ~lllps tU.ttrac~"l'Gtex~ m.d iii tb 

Debye-.s..,n~ror <iail!ertia . Po\!lcto:r ~,p•o1.Jcierut woro p~op .rre4 by 
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filing tollo.~od 'tly n .. _t~et1c !i'~°'""'l ct iitn.f .1-.01:; eo .t~ination 

f,. Q~ the f1lo aild oon t)y f.ltrtiss- relJ.e:!' {ltmenli~. •"he vpcci-

mene rur .' l"""P~~ed from i:::irfu& :ZC';(; me st~ p~tlcl ";Eh $!&oat or 

small p!0cGs or ~crts wo:"'c suitable for 1tt ti!' \~ith tho 

_,..,.. c; 
O.t. a.i. le st lv ~ mm ·~ · i .. ~ J.et~,¥d,('lrs W"id fl ..nll Ek lid epec!mt~:. 

w;...i•e rtlae9 ir: Mtalum "V'tuu.~~l ..,.1· wrap-~d in antalt.uu foil to 

mo'la·•ti A.{; tt.e ept!eime~ a'lo ~ ~ th:(;) clll.1")5e~ ~'!t:,.J.l!) cf the e~~.ra. 

\ e, .. o~a r~dtus ··1;.Q fi im m'*x·i.rn~attc t:ir!~orrs. tere el1.ttJ1natoc1 iy 

c:..., ... lo., ing tile tr~~tu11, film wcttn ~ tr~ t e :n quc . To in11.:tmiz. 

d ~tet"l: in'Od. i·r ·rJ e<fflIJ.d.ie l ext:::\~~ ol tioi:.ur of .. , · re1'l\;•c"lo 
I') l ... . 1 ,.c •• ~ .. + ~-}. data vs . c;OS'• 01" t. l' ••(ti so~ .... til(!/ 'l i1e 1,,i01.1, 2 "iJ.tl1 w 

Accei:i"d. · ng to Aznrc!t w.d \·arge!? ( 12) t ~e t.t~,,,.c ..... ~!o 1 . ecurncy 
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ot trt~ ..... etb.ods f~:pl~1yea 1 the ecttt'acy ol t~o :... 4tt1,oe p.,.rU>J.zl~rs 

btnt.n~ in ti .i:.s J..nv st1 mt l~1 1 nb\;>'.J.t l :;p!i!tt it1 31.lOO. 

b , t l!t:) '!'Upliy 

-~t.lvo:ral feut't<l" a ot tte d!e.g .. :em tmre .mte -.d'1fJd or coJ -

!:~ !"7-6~ 't.)' 1 t:allocra¥1 •'~e tfte .... niqueti . '1'.ne 

d1;i.f!,cult nr d alt ot • ~t1.ny vru"iGtiOi:u~ 1te:ro ried , only the 

mo.ot r>unee oful i..~t.t.od v.U.! 'ti~ 4ot:i:->zt1,;cd . ?be peoit:leL ·a a 

.!er .clut~i l p . J.ha 

m er . al ~" 

~iroo.-.. 1ta:i. an·'ll' ~1rcor1i ~:r1eh """llo··.J· 

1 to t.!lO fl Al $to~SS wn~n 

~011s .. ,11::; wit * a!.4>~~ -n!ttta1.i..;.. mid a. o;.tol:.;tl.on of !~~o .. 1um 

t1 .. e .... l·J.tion V&$ {i,~jutrteq b.. v .. u-,yi.n"~ 't.;tle ~ tm · of "tratOL 

~ nli~CI. to tt4 le}:! . .d~ee ,;r;;r1011. h1.h t.~ehni :uo wero Glso 

I {lQ · "'l 



polid .. 1n..; er ct~1t<iat:l AJJ.1 b1 .. .g .. · 01~ iillotG f.\{,JiUi.ued 'b!1 

c:ru:inta'Y r.,.~et.;.,..uiaQl f.'ill'ftf,.,2* 1 t ... ~e:. t.1;.;..,'t ... oJ:i1~1:f~t1tcry ct:ehtv1.t was 

ti J•- 1"'~-Xtll'i" ot' .... 1ti'ic ,.,rl ' J4:"'d:toflhi,..,r;ic at..t.Jo dilut~d with 

•.tat a .. : te- V6, ·ictt'is z;treinf;lt.~ ... u.e.;,,e~~in~ ;.,,,:., tt.e -CC:"t.""t o,o,... ti.0:1 t:md 

thnJ~.<.J.l hl.$tal' ~ of t?;ie ilii'fl c.it1JQn,. A Ci.;1~.t'di .. oto~.JJ~g a.;r:,,&t>t\W!J 

de~~!X'i.'b<£K1 by C~»lson• 12£, ~ (l:S) .... 1~~ fo1Al'J!tl lLatt(,4 at,; l1cn-
t 1cn .... ~t 1HJe i c.ta.l.lo~~.r~1,.nt~ p!"~J;.h;;t"'f.l't!ou t,~1 t ¢; alloys . 

;.q".liJ,""' . .. ut ":u:.:) JtH.4d ln .tl"ttatioing tire ~,,. c~:rn:uµ;'f .o ..... , re:at;,,.,jn~ 

of 't.m Qlloye .. :h.; .... ,'tull;0~i'apl,ic sp .eimt:u1s ver~ ne~ahed "!)y 

one (.If t:La follo-..:b • c.;~tJ;"~.va.s del?-9.et'ltnr: <.m t.l.e s1loc1ms . ., t -ez' 

end ;lt.! Q.\.~l~~ll~'"' t.zml\lergtu::~ ue$!.l'ed ., rr. t,."' Cillf¥U1.CI 

:fi\..e~n:..ne ~ . ..od 1 SJlall v1 .. ces ot 't-'1u 5.ttQQt.$ o,.• rol) ;i,d ~t.;;'St 

\\C'SJ.'G WI'~ilJLl~ 1.~ t ... ~.t .. it.al; .. !;iJ; f<.:.11 tt'~t:.!l ..:1<o • .,_J,~ 1~ fJl'Vli\C\Uitrt! stl .... C& 

¢~ps'UJ e . Att 1..r ~iG -.. t i.r. , .th·,, tJ:..C'aJn3 .... lated fi!'fdC1t: ... ne W¢1?>e 

qua.n<::.J.<.: b)r ~1 ,ul t&..n;.iv\:ttil.;,, !"ti .... pln,,, ~fl.ti e.!'1.~ s!ij .. I'"ft he eapml.lo 

1t1 a h~t J. cf ~i;,ld t&t.:1" . 'lha ... ~ti.!i'4 ;& .... i·r...J;t, d. 

!)i' ,~ert1es 0£ $1liera ~nt .... tt.. .. cpLrt~tlt:.~ .u . .,.1t,., c: 
t o a wa~ilm 'tier "'L•l\S.t·~tUl'o of .a J;J'.1" 1.;::t.J.u,. ,ttlJ l~ooec . 

f ti.(; 

t.ue. furn 'Qe 

:rn n 

tilt)OS -,e ·~ ttttt't.<t1t1 'L"l: 4 tt.nttl.l~ lUO.t et t.· ~pcn-t.:e. 1n e vet*t1cal 

<;,u.arti~ fur4dC(~ tu .. e . ""!"tor tr.~ ~~~1.roo leo.t tt-.;>~to:.i.~nt , wa'tul'* 

'lU.6 •r1m.e."t~ bl bt•;..;~1nt> fl 't.hbl (1 D~ i lut Y .ieh fa!' ·:ed. t iv,.. 



• 

• 



.;.. •& Plies<: diagram .::onstl'ta::t.e.i from tna 4 · t;a. ebt -ined in 

t .a.a 1fiV1J>St.i.~(.tWl'W ia p.z•e.iso.nted ,1; fi, .• U.l'(t If.. l'b& diocuoaio.n 

t .... on t r.. .e spcelmet1a w e ttoc ~pli!il..s~! lit ""1.n.; tl .. 0 

by • ::tat:Ulg !lll.o'W'l.;)' and ~rn.J.mlin~ 10.i- a 
ti1ren Jtu;t below -em; ... cl.tine .p{;)int. Metel.lo r.:~i; !ilC ex 

tlon o... ~peoit?en::s tte t ... ~ ~.e. 1ng po!nt ttote.r. u~ttt1on 
a .. ~oo t,.1;1,t equilllrrium r .. ad boeo · 1,ta1r.i.ed.. lit 

nt 
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ooltdus th•n rlo1'la sla-wl¥ t,,..'lt:U. a o~poti t1on or ,ethou t ~ w/o 
iiQ: t.alnm. 1 · renoh$.4 a! i.>et- \llv.toh a ot-o l"~p1d mereasa is 

"' l1tlun ar4 tit#I .u.,uidus curves over tno fJi,tt!. o dit\IJ."Qm• A 

ir~it1um dt!f'er·@neo ·Of abo11t .2C0f1C vu, ®~~vea fit E w/o 

tent alts, 

ln 1''tabl!$t1r:.g t .. ~e uaoo:rtnintJif value tor 1:· l~ ;S.QlJ.ihw 

do.t;;i t.llo to1.lo~n1r11 st:~G!l or M1ro:r wer~ eo1~!da1<ett:: tile 

~ citdo11 oi! tim opt1onl py.r-=!1'1t:(1')r , thG ur..cer-ttiW.ty ¢ tho 

....,at!'° , and tl,.t} ~alld013 ,zu.~ro1f'a tlf' Jt!dpu.r),\. I\J w~s d~n~ 

st ... at$d. a,.~i.)rU\~ntallJ" t.tlat tl1$ 1tult1ng po!tu• o.r lur~ 

ai~con1uo eo-"'ltl :.is ob;;urv~ witn1t1 :. l(}f)( ct th$ aceopti!d 

value us.t.'1g tt10 da~cr ibetl r4otJiod . !l.Q 1n~rtitt?aent t.m4 

lm11p ., :mus , tor alloya ill wlt1dl tl r~latl.v@.t)· lllr~ ~ctmt 

,f liquid 11l iJ~Oiuced by a ~ll ~'.l1.11tatut"e irIDre*~t til!VVQ 

tho solidus., -which wcu1,1 itlol~ allo)"a uP to &tr.Ju 6C w./o 

tnntaltUll1 u. t~t~ un.cez.·ta~nty u .. ~ .. t('f •lting J'td .. t 

dewr .1i~Uon 1~ a~u't ;i, 15~ .. i'.l1tS unce¥-t.e.int.y l:.t la!'f}Gl" 

tor elloye w1tt.i t~tf:.l:~ co,t~t~nt ttffea~.t ~1M aoout 60 v/o 

b~oau$o t~~ amount ot l1qtt1rl pl"r:> !u.~ 'b1 fl g1v~n tfl'; .. •f'Ol"a:tt'.l"e 

!nor~.ant 1s a!!lillleJ- tt~ itl, Ul& lover t~nt&.lum, alloys~ 

Al.oo9 $illoC th~ tilelting poln,.,.o of tho flll.Oyia te{~1I~ to 

1ner~~so ro.p1(UJr ei¥Cve 60 /o tw el.\~ , u,~ !l1i .._ tlf'~E) et 
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aTH:J r~ 'love p ... ""tomi~1·ocrarhn 12.l1.Hh"rato the tut.a solid 

.. •ol:ur-ion ~~t1.d. are t.1 ,,lern.J Pf tL.G ~lloy!i quonc-t~ed. !1'"01.U t.t..:cat 

region. J,~ll s, -c~,e11s wo1·e $l0ct:ropo11..,l Gd ~~ d teiied wit 

lrJ.. etJ.anol ... oth .. rl0nogl.Yc01•;~rc_~.ler1t~ acid oOl:Uticn. 
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'*'"~ ver14t:iOJ! ~:f el~w.n:.>1'1ll'tt4 rt>;d.sl;~",e,e \lfitn 
in{1;r~ ::udJ..,~ t,~5~.r~. tl.~:rr: tan te.l t:t)..t 
!a.\.i."01'~.11am ~ · .10,Ys. •tr;.-. :.n!"1.Q~t1e:;;. e(l.c.~ cul!"v~ 
1~ !nd1mi:t1Y4'f "·r bc~twi~l1i,1"::" -ot o .. ,~ mor.ot.e¢'W1d 
lG~J'J! ~\ \\,1:ulll'l paJ."'t"'~cu~,:,· oai::s,Q31tio1a-
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upon Ci. us11obli: • 

~tcr Q.., CCwPUlll1 t'.:10; !$. <t,UG?!Chod t om GOVQ al em I' :Ul"<.il'J "'" 

th" v1uin.t'ty of ti1~ roo iOteotoid. loopa ~b~ n~btu.· bi t~co, s 

p.rAJZ'C·~'t . n t 1 se epcc1~u:ns ~· ... ~ettr.1·1r:~d P~" !!:1Croeceop1e 

oxa~mat!on li.tid the ~(j(i:H~l.t~ et ti'a :rt ~,.,:~t.1ultJ.On . ·e pll"et1etn:.f:d. 

looµ ea'l:;itttt'"i...lned by Ol~perat·tir~-t~G ~'tn.t ;!;u ·-• ..d X-1' 1 

is -.l;:o &LlOt.n 1.t't t16Ul·l'ff l) rur .. ~ io ant.t ... ·~ly eoroiate.tlt \ilitn 

mmta" logr~pi:.lo ev!dGneu. 
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lH~a..tl'titit th~ ~motflietc:td l.cOit? i.s be.J.i{'3Veti ttl eld~tit f!"c.m l2 

V/o. to 95 W/Q tant£ilv.m ~t f.iOOoC a.t.ld z•er~('ufJS a t'~ f:.: 80 

W/C alld 1?$0~ • 

o~ ._,,o:io 1$ ti. t ~~;.ua . 1· 1.~ttl ratl.! !l ti'Wce ... t~J·:Pel'~ t1.,Ki1 c1Ane!l Qj;~ 

Ula ~~l.l(J:na, ~uch es iil"iJea ~t~ow1. ::tr~ fi~;u.i•e ii., tlttJ ~a.nt~cto1d 
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