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ABSTRACT

This report describes the work conducted at United Technologies Research
Center under OUR Contract NOOOl~ —76—C—OO35. The contract monitor is Dr. B.
:1acDo~~ald and the  pr inc i pal inves t iga to r  is ;r . K. ~. Prewo . The work des-
cribed covers the period of July 1, 1975 to ~4arch 1, 1977. During this period
the following have been accomp l i shed .

1. Fiber propert ies  irnportar.t for  ~ ievi r~g a strong ce~nposite were
me asured. These include axi al f i L er  rer . , r t h  a~.d ;t ’er gth distribution , and
fiber  sur face  emi .5 t ry .

~.. Pr inc .~ole~ w~.io:. ~.a t r . x ~~~ .iH~~ h:. ~~aio Le chosen for successful
inf i l tra t icn  were d~~~or ~~t ra t~~’1.

Composite fab x’i cat io :.  ~e n.:.. q~~~. w~~re o. ieio~ e i  and ref ined to provide
composites wi th  excellent mi ~ro~ ~~~~~~~~~~~~~~ a range of f iber reinforcement
percentages .

~~~~ Composite specimens for evaluati~~ i were produced and shown to exhibit
high levels of mechanical properties predic table  from f iber  test data.

I
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SUMMARY

The ert~i~ j o ri~~~d pr ogram was undert aken ir .  an attempt to provide new
di re ~icos for  the fie ld  of met al matrix composites. In the pas t , metal matr ix
co mp o . i t e  t ecor io togy has concentrated on the use of expensive , relatively large
diamete r  fih err and the i r  incorporat ion in to  matrices through the use of hot
p re s sing  tee ~ i .~ues . Although this has led to considerable success , major cost
and process f lexibi l i ty  limitations have remained. Complex shapes are still
difficu’t to fabricate and little or no use is made of metals casting technolo~~r.

This  prograrr. recogrdzes r~ eent developments in fiber technolo~~r whi  oh per-
mit a reassessment of potential  metal matrix composite systems . ‘~The fibers in-
vest igated to tote on t h i s  program are all in multi filanent yarn form and are
hi ghly flexible and easily handled. Cost project ions for all of these fibers
are competitive with graphite and well below the cost of large diameter mono—
filaments of boron and silicon carbide . 1The f ibers  are alumina fiber FP produced
by du~ ont Corp. ,  a mixed oxide f iber  AR 312 produced by ~3M Corp. , and a mixed
oxide fiber

~p~~duced by Sumitomo Chemicals Corp. All composite matrices were
alumioum alloy s whose composit ions wer e selected on the basis of melt surface
tension and reactivity with the reinforcing fiLers . The fabrication process
chaser. was vacuum infiltration casting.- This process relies on the ability of
toe mat r ix  to wet , and bead to, the f ibers as it is be ing drawn into a mold con—
tairii~a~ a i:r caL 1~~ned array of fibers.

Several significant accomplishments of this  program can be readily identi— V

fied. First , fiber properties imp ortant for achieving a strong composite were
measured. The~ e include axial f iber  strength and strength distr ibution , and
fiber surface chemistry . - Second, principles by which matrix composition should
be chosen lor successful infiltration were demonstrated. Third, composite fab—
ricatior~ techniques were developed and refined .t~~ provide composites with
excellent inicrostructures over a range of fiber reinforcement percen t’~oe o.
Fourth , composite specimens for evaluation were produee  i and shown to exhibit
high levels of mechanical  propert ies  p r e d i c ta b i ;  fr  c f~ber test  da ta .

The f i t er r  tested ex h i b i to d  marked di f f r ~ r . er in r u r f ’ ac cherr~ i o t r y ,  sur-
face topography , mechanical  propert ies  and f r 1 r ~Vur e m o i r ; . Indi vidual fi
tens i le  s trengths of up to nearl y ~4O0O t i f a  wr ’rt m er i r a r  I w tli average tr ea~-t hr
of u~ to 2000 Mba. Ther e high r t r r~~thr  are nr teworthy beeriuo e of the low cost

mas s production pro cedures uaio i t V  pro duce ~LLi of t h e r e  filers .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V - V V ~~ 
V V V V V . V
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Aluminum alloy matrices containing significant alloying additions of Li ,
Bi and Mg either individually or in combination were all shown to infiltrate
f ir e r  f i l led molds.-V~ In each case the alloying additions lowered the melt sur-
face t ens ion  suff i c i en t ly  to achieve inf i l t ra t ion while pure molten aluminum,
ever. a~ very hi gh temperatures , was unable to penetrat e the fiber arrays . Al—
thou~~ several elements were thus available , alloying systems based on the use
~ f a~. least s V m e  Li provided the best bond to the f ibers and also inf i l t ra ted
f i L e r  arrays most completely on both the micro and macro scales. This was
a s soo i a : eJ  with reaction between the Li and the fiber surfaces . By us ing  an
~~ l V ~~~oo nt a i r J n g  both  Li and Mg as well as a small ad~~ tion of Zr , it was
sossirle to fabricate composites based on the FP alumina fiber with a matrix
W~~~5e mechanical properties should also be excellent.

o:npc site  fib r io s ti o n  procedures included the use of both fluxed melt
V : O i ’ f o c e O  rin d m ol t I n g  under argon , and also a com parison between the uce of
rre~~~ suate i r i s er  filled molds and molds containing fibers and air .  Composi te
fe ~Ic~~ ion by Iressurization of the melt surface , forcing molten alloy un into

a fi :  er filled meld. wan demonstrated to be a viable technique as was toe more
~~~~~~~~~~~~~~ tonal  use of a vacuum to pull metal into the mold. It was concluded
t ha t , in t h e  case of a properly chosen fiber—matrix combination , all of thece
:r ~~o. rses were usable and that this considerable flexibility of fabxication
cros hire would be of significant advantage in possible fut ure applications.

Comp~ sit o; with axial tensile strengths of up to ~2U ~~a were proluced
throug: . the use of the FP alumina fiber. Analysis of stress—strai n curves in-
d ica ted , as in th e case of other metal matrix composites , that  a bi l ine ar st r e s s—
s t r aI n  curve is charac ter i s t ic  of material  behavior. The ini tial  l i m e ir  por t ion
coi~~~j Je~ wi th  t u e  elastic defo rmation of both fibers and matrix whi le  t u e  sec-
ondary l inear portion is charac ter i s t ic  of elastic f iber  and plastic m at r i x
deformat ion.  Roth composite s t rengths  and elastic mo dul i agreed w i t h  c red i e -
tions based on measured fiber properties .

Because of these excellent mechanical properties mmd the relative Ly simple

V 
c a s t i n g  techniques usable for article fabr ica t ion, these composite systems are
being considered for use in eng ineer ing applications.~ Although speci fic rn ech azm—
ical properti es (proper ty  divided by density ) are not superior to boron reinforced
aluminum composites , the combination of properties with anticipated low cost can
open up new areas of application not previously considered. T h e  selective stif—

fening of gear box housings and ~as turb ine engine vanes are just two examples
under consideration within United Technolcgi es Corporation~

This I rot raTh is being continued with the purpose of expanding the ranCe 01’

f ibe r  and mat r ix  combinat ions  Cal also performing greater i n—d epth  evrr u a t i o m r  of
me ~r ni ral properties riji;I c~ v rL r iment al  s tub  i t t  ty .

_ _ _  V ~~~~‘ - ~~~~~~~~~~~~~~~ -- V -- VVV ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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pr05r0 5 05 cc:; moo:,  .; .Lsw . : for  t o re :; . : t e r:c: ~: r e  t:: t1.s~ r ;

r esin  m a tr i x  en t er  sccau. e of  0 0 ; ’ , :~~i.i’l or .~ :. 01! 1~ I I :  OV O O t  Oar . ,  perf .~r:’—
‘ioxee penalt i e s . A:V las t , : c ao~ver , L~~;i’o. rein :~~rce 1 01 n a r in 0 0 !  ne ro r  are
bein~: pro VVi000.: an d sold  i n hot :.  tr ;e rici’o ;;~~acc and consumer areas . l ehouca
still a vt; r :oo .:t he~:in:

- ia 1 - , it is now f or e :  a ± J e  tr rit ~ t r ~~~ leo. •~o I l  l f _

velel ci metal m a t r ix  raT tea ; will also come nt O use .

0 re: :e ter  oxI de fibers were axe Of I ; f r . ’ c}ro~ 0 :  :u-~~~~~a r I v a 1~~
s i J u S .  1 :c:.r U ;~~~~~ o u t e V l  ro~ r ein f er c rrV en t s  it)i’ aer al l O t ! .  I X  :ars , , :I  V

U . . .  co t a I:.

t ao  
V
n i t ei S t V V i t e : :  ; r . i il r Cla r ;d a I V e : VLer  U f  r r o~~:ams w e re  d i r~~~~ed at .~~~lz h e-

:3~~~~~~~i V o l . ,: :ta ;r g l r L V s  t o ne  f i r  ~‘r :; . T he W G T t ~ of Morel  , ( rat : l, a:: :a:~-: ;r I x .
E:,o c . l  ~b : fs . ~— t )  a re :  p rabas  L: the mos t V ’ S ’  V :‘Ial in tr1 1: or :, , : .~~.c ocr ,
s t : V r ~~ro~~~rrer:  in t he  Jn i t e d  Staten wer;’ also t tt or :p t e d  ( h o C . . ,‘() . ~x ; e ac h .
las : S i i  ca Leere fi be r s  of ext remel y h i  t r ’ : 0r t n  w e r e  coa t . . :1 w i t :  ;i~ nninler . t V ;

: icnie;e  re us’s ix~un mat ri x e am n on i t e . The process  was i; u a z l;  r :r f o r :~~ a in a
ocr1 : U I  S VO I d  lfl Orion c i s c  con ~ uc r a :  I ’ :ai’c was Lat e r, LU r r l n ~~m~ ~~~ ‘ on . :!—
Icus n: :::ucaric icai i~~~r ada t i s n  of t h e  r i o : , , :  t In: f i l e rs  WI: or  s e i- e V V~ i

r u s s  o C , r; .  in 01 ar :cte r . The eon s i der ahe l  U us f f’i ii to in  Cal . ;  ~:it i x ,  o, o r e

:1 ~~~~~~~ Lne .I r i 0 .VU i  tax ~t low m o d a l  us :0: .r :I : .‘r:ite r t r e n 1’ta , xi;; V is ’ :; r e . :
to’ b orer .  r cix: :‘sr re t al ocinun , j r ; v e r : t ed thi s 0 V 5 tens 1 rams recei v OC WI aIr

ae:e~ Lance.

are r e ce nt ly  the use of ;:rap l ;i  to y tsr , .;.. L;, r: ex’V , l o : t ’ u a.; a ret forcerre::
f ur  5:0 tV OlO . V . V ;

€~ grea tes t s u c co r ’s has been arh i eyed wi tV : ;  aluinim ur :L V ~~~~V~~ m a t r i c e s

ewe s , :r ;ul , m a C n u n t u r n , ceep er , zi nc , lexto nd C V L n  l ;e ry ic.i ~x ; 1 ; O V ,O V V all l eon
a t t e x : .h  t ,e ;. 1 : ’  x : ; a c ; i t u I e  of e f t o r t  :0:0 large ::umho of  ru Crrc ::s  t o  r ; a . i  eve a
rrr;~ ; . I t . e y icx r o t a  for c e d  alur:i n un ri::  O C t 1 1  t r i t ~~

; 
~rf 0 ’ . . :ive , r I O  .~t ‘: l ~ now he

sai l t h at  .V:om l V - .  i te s  w it .  hi  go axial tcx;r I ~Lo : tr e : o-t  I ow; I.e 1 :001  eat 1 (Her. 8) .

A . A lum i n a  } V  
1 ;

Ix: t :e p r .t  t w o  years several ve ry a t t r ac t ive  alumina typ e  y a r n s  have be-
come -tv r i t l a r . Le 11: ex : er m m e x ;t : o .  no.1 t i t i e S .  F hI . ‘s f i l ’ ;.:r. : 0 1 1  t h U  V iii

of  h ig h sped 1 pr :: enti ce ~~~ cost,, CI lVI  ronrr:ex: t :tl  :0’ V ,L1 I II , C i  ~~~~~~ ri ti hi l i

wi t :,  :eL j s In .e : :  :U, l C y V . Th i s  , m l . i x ; ; t ; r : n  i f  lb T r i lt i ’ . lx :i l i,  il

: i C m u i t .  - - o r t  po ’ O . t i . : t .  :t~ r f i t  a l u n ir a r  r€ I nf c r I  I I L L  111: 1, 1l: p

1 1  t i  m e c l n e :  V I I L V L i ; -  e r t  : 0 : ;  : 1  -oem :V e::V : V r 0 ’ w r e  V5 j  ~ be Jo “~ 
V f l VO 1 U

t e x i t h  el  l: r u :  :LI . ur : V r r ; ui : , the  L ow fM~ ’~ 
0 0 V  I , ‘ X I  1 . :  C V V~~ U I  Ir S I
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fabrication, ar;d resultant composite environmental stability all indi cate that
this .:y:,t ex:; coul d open new areas for metal matrix composite app lication.

,U :oriina f ibe r  has been available for several years . It has hew. of par—
t i c u :iD interest for application in metal matrix composites because of it;;
c x O e l  e:it strength and modulus , particularly at hi gh temperat ure. The two prin—
dIpa examples of alumina f iber  to be ut i l ized in the pas t are large diameter
(>2 5 tj ) single crystal. mode , m:ix;ufactured by the Tyco and A. a Little t abe ra—
tax i C V : , :~ id alumina whisk ore . The large diameter rods , un for tun atel y ,  suffer
Cror:: a .:ei-ies of pr o: ’lcmos whi cI: inc lude : extreme sensi t iv i  ~1 to I r r o r u h i  r ;g w in

s : I r t a : e  a efe c t ; , a t ox . h ’xic y to twin during com::pl-ension tooling in the m:et:iI ma-
trix em ; 0 0 0 V L i x r : t f t e x  fabr i  cat  t en , and react ivi ty w i t h  nickel 1 :i:;o :di . uys  . i t s ’
gr e :; :es t. tmp e li :e x ;t  t o  raleir use , however , is th eir ex t r eme  h l ;~ i cost which , at
pro s :.t , iS n J pxa x i : r s;t e ly  p r  foot and show n little possibility of ever L;e—
I::,: v erV ;  in ex~ :x i . ;iv e . ~‘ .lurana whiskers  also have been given consi scral le
a t t e : V t is n ;  haw’.vn ’r , in this case all effort:: have also failed because of th e
extreme;; of difficult, in  fabricat ion , high cost of gool quality whiskers and
resul t ant low c e m : p e oi t e  strength . In these cases of previous work , alumina had
cccx; considered lox - Li t a tnium and nickel base alloy reinforcement and relatively
hi gh tem:ip erature (500—1100 0 C) application. No concertel effort was made to use
alurL : .a f ihem - s .  in alumi n um alloys because it was clear that boron fibers would

~‘ro’.luco far s;;nr’nior and less expensive composites which , because of matrix
l imi~~’ x t , i e xis , woul d only be considered for application up to about 350°C.

L I ’  cur r ent ,  ir iv e , :  l i gation utilizes fibers of alumina and also mi xed oxide: :
to exp lore  tx: : po ten t ia l  for high performance composi te ; . These fibers are
availab le  from:; B. I. DuPont de Nemnours & Co ., 3M Company , and Sumitomo Chemical;:
Ltd. Each will be discussed in detail in the body of t h i s  report.

B. }‘abricat i on and Matrix

Composite fabrication with alumina yarn must emphasize  tile use of casting
and liquid infiltration techniques . Ample exp eri ence w i th carbon yarn and smal l
diameter  glass fibers has demonstrated that the hot pressing of unprotected
smnalt i diameter fibers can lead to large scale fiber brerikage. This casting re—
qui r omerr t is not a limitation of extreme concern , however , since it I:; precise]:,
this :tbility too ca~~~J , compos i t e: ;  which is miecde d  in metaL matrix compo: : I te
.ec lu;ology .

‘t he choice of fil er—matrix combination is critical to the sin ce’::: of re ly

infiltration j ’ r e e d w  Th e m r it r i x  must be compa t ib l e  wi th the f iber , ni g a l

cast rig alloy , and a g i o d  cit ;  x in terms of ii,:: envi m-~ mm m entmf l  :u: l m e l  .101 i a ;
p r o p e r t i es . i i ; , Ci m~ : t  t w o  cci I r ’ r i m t  as s l ir i r  t } ~~ fabri att ili L1- of t i r e  c~~r ;;o :: i t

while t h e  lost PH V : I V 1 : m L e O , to xi l : t r g e  part , t t ; x  u t i l i t y of l i r e  re : ul i , u  t . U ’ I r . ;  :il ~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ VV ~~~~~~~~~~ VV ~~~~~~~~~~~~~~ VV ~~~~~~~~~~~~ V V ~~~~~~~~~~~~~ V V~~~~~~~~~ V 
~~~~~~~~~



V -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

R77—;x l2i~ 5—3

‘ era , nc r  furx ::ed at the 1 1050 cr 1 : g  Desea : - ri Dlvi ri  ljh o f  E. I. Pu] cat  de
:~~‘::: ~ ‘on  Cc.  , 110 demer ;st r a t ed  toot  :aow: ;inurr ~ al . .~y n  ccx ;t a lx ; Im:g  several percen t

satin ty t Ile fi rst , U I  at t o a st  i m ;  p a r t , toe second ari d t h ir d  of tire
‘0 ‘5” ‘— : 0  I~~

’.~~~0 O I . 1  o~~i te r ia  VJo. n U ;  u s e ]  I:. o o r V j ’J L c t i c ’n  w i t h  l ul”o rt  ‘s ~~ alumi na fiber,
he “. i j  . I re_ .im.Loary X I : ’e ia t ’x ;t . ;  at V I ~~~ i t ed  L: : Inr raj  O~~~t a: be:: caret; Center , pot or

L oi s  prugs :c : .,  conf i rm ed  t h e  e’a5~~ w i t o  w h i c h .  t !, i1 i  fIber—mat rix pai r could be
cex:d’ 1 n eV 1 L y I I  :‘si V I met al  ir ; f t l ;  r at i on . Addi t  I . .r~al1 data  in toe l i te ra ture , }av ~

O r , i~~’JiOat e that  t ire  : i l u n m n u m— l i t i i u j n  b ina r  alloy can be improved upon to
:io: I eve super io r  mechanical  r’ropert ies  , envi ro: ;rl ;em;tal n t a b il i tv , and arV i ;ar .ced
ea.:e C f  cas t ahlli ty . Emphasis has been psaced on the  one of major  additions of Cu
amo M ’  to in c r e a s e t : .u  resp onse  of t i e  ::y::.ter : to heat  t reatment  (i;efo . 10—13)
WO~~~~ n~’ t oe  use . r C  t race e I n o n~ erJo  :1 of  Cr - , IL , Zr - ’O V J  o to x : 5 0: l oom exp lored to
Uc: . ieve  ml Cr s sr : i cturus  re f in : ’r : . ’r .t c i  also o i l  cc’.; heat t r ea t c rx ~r;t ( I V . ef :  . Jo ,l3) .
T::e u s e  of  smra ,l  :idj it  tor n ; of CI , Pr , I:. , be ar ,: Si has  ai.:o bee r ,  snow :: to ire —

:-sv e  t i -c  u x l  ‘ n t i o n  r o V : i n f n , n: V ’ C C  t I e  :r:e1t :10 :1 the  resultant metal alloy

~. hef. if)

h e n  ides .~ t:. I we, t h e  o t h e r  S V O V :rVars, e l e m e mV V :d addit ion.,  :...rV oi oared auri ag
to~~o rogi’ar.; wor  c magoes 150. a :Vd : i smut : :.  Both :‘ ,f thes e element:; , a lo ng  w i t h

~it : i w:; , are v . ’r -y e f f ect i v e  melt  sur face t e n s io n  depre ssants  (hal’ . 15) . i l i . : n : ,u t ;

en s ii t :,iur ;  e x h i b it  alnna. ;t 011 ld ex ’;t ical abi l it ’ ;  to lower aL uminum allo’ : ‘; : - l ac e
t e n S i O r i  in ;  a x - - : m . b e  add i t i o n  of :~ w - 1 x~~: . 1 1 ’ (,‘i t t ,er  t ’.le::.em;t cau , :x’ :;  a
‘iec re ’:ts in n:;elt 5 or if ice  tens lox . us ;: . l— 7~ 0 °C . The - ‘eu it ion of r u  m a g :V e s i  wn; is

lo s’s n n ; c t i v e  w i  ea rn  es a dem’ r o r : si en  of .30’.] it the ~r w : e t e m pe r a t u r e . .eprc ’os. i on
of t o e  ::etaj V , a r f ace  t e n s i o n  is an effective way of imp r o v i ng  the  f:,d .ri cot’i l i ty
0~ a Ci: e r—mat  r i x  comb i LIlt t~~:.. ‘Ii;];: W I  S i l lustrated l x t oe  1011k of Mu ; fox :  woo
ealeu1ated t h e  magnitude of external J ;e e l . : ur : resui rci to cause the i n f i l t r a t i on
of ii 1ul0 nickel  into til e ::hax ’ neis b e  ‘ 1 . 01: Lw . . . n: fIL er r .; (Befs . 16 ,17) . He
i’Oui!,I ‘.~~-it t:,e so jut red ir ;f ilt  r u  ion  : ‘ r e, : .;urx ’ .. x ; ~ e’~~5~~~J Wi L i ;  i x :c r e a si m .f ’  voi ur ’ . x”

t r i O . ion f ib e r , i r,croa ’o ing  metal our C-ice ten,: 1:0 and V4 V I : ~ i ver s x:1S V prar cr~ 1:11 :; I
to f il er l tnj xee t ,c r . Alt ;ieu~ J : ~~1; f t  l t r at i en  ix:  a n o nwe tt . l  ag sys t em such as Sutton ! s
5, 1111.1 b e :idb ie:od t h r o ugh  t he  r ;pp i i c at i , s ;  of cx t .ern ai S ’s:: ore , upon cc ci] og of
t l ;e  compo si te , vu id~ and ar fois 011 111 cr—matr ix  ii sbond  were created cue to th e
fac t ‘,hat  t i e  :nru t :’ ,Vx d id  not v o L . I V P O  f I l e ; ’ . • I t  can also P . ’ ro own , u::] ng  Lit t n . ’: ‘ a
c a l cu L at ion , fl at, many snial i pores 01: 1 vod ni ’s w .~ o. . 1 01 5: 1;  in  in any realistic fiber
ai-ran i;.xe to the  ex i s t ence  of  u r ; : ; ; r o v x ’ I - ; ;  and i ‘1, 0 1 ! ; ,  r I ’ nonuni form pack ix ;g .

In a sys te: ’ . in w h i c h  t he  m : ; f r ix  iSi r l : :  t O i l  : . t t ’ ’r , I ;wevcr , l im i t ed  m l i i —
t ot t 1.11; cam: oc ur : r  ‘:0’ aneolls 11. w i  th o :o t .  t x : e  f l e x  i for t he  :iI I i icat ion of ex t  ‘co al

n ’  i t i n g,  h o wever , 1 : 1 , 1, : 0 1  i c  Lcl : i  ‘ ;, , j  It t i  Xpexlr; e Cl O V t 1 O e :; n L 101

b t w ’ :, f i b er :o,,i  o r : x t x ’ , , x .  Beto  magm I:: Iri s; : 0 1  101 ;::;Ut . I !  1.11  Lei ; ; :  t n  aliu. I i ram e Cr 10

carlo; ’ , ‘o; m’O U g :. r eact  ion , at ,,. e i :  t s ox: . e w et t , i xrg  of lid ~~~ I 1111 011 1 ; “ .I a SS 1’ i  er : 1 1 0 —

fr i l l: . t wan 1 I s l I l l : ,  t i j I j I  W I t s  . i s o j  o t~~: ei ’r :e: t.uJ. 111 1. ; 1 1 1  t n  rU. Lu’ , m u ; ,  to
c ’ex ;t r n  1 react  i x ’ , w i t : ;  o t l i c a  i i  ‘0: .i n i  t i e  ‘ h o t  r i t . . x ~~~ ’t r :  to I nj i r i r a t  n ’ s il i c a

5 V
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reinforced aluminum (Ref. 18). The addition of up to 14 .5% magnesium to aluminum
alloys has also been demonstrated to permit the incorporation of alpha alumina
particles into the molten alloy (Ref. 19).

One additional point to be noted is that recent experiments on NAiA’s SKYLAB
flights have demonstrated the importance of melt agitation to achieve vetting
(Ref. 20). It was shown that , by rapid agitation of the melt, it was possible
to achieve well bonded composites of A1—A1203, Al—SiC , Al—C arid A1—W . It was
the contention of the authors of this work that , by removal of any occluded gases
from the solid—liquid aluminum interface , wetting could be promoted.

I
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1. 2a! ’x::er~a, one end  of t ::e tube Ue::eath t h e  surface of t i ,e melt .  The tat  e
t s  : ‘.10r : .er’feni  to a depth: wh ich  permi ts  the e n t i r e  length of f i s e r  to Li-

‘
V be~ e :;tI: tr : e  :::e .it su r f ace .  Note  that  at this  ::tage molten mr ostal does

:,~~t, j a f ’ L tr a t c  up into the fibers and they are essentia l ly in an air
~It5 ,o 5 ri ere at ti ;e su r rounding  melt  temperature .

• o e  t~~I c— f i b e r  assembly is held in the melt for a desired length of
1:15 to  i nso l e a r i p r o p r oa t e  preheat of the fibers .

1. .x V I x , :U’O;I i ln :  is ‘c o nn e c t e d  to th e  free end of the tube and a vacuum
:~~1~1t ’ .’ : . At , t : :j s  t ime  :solten metal is Irawn: op between the f ibers  and
5, :,50s ur t h e  tube u::t~~i i t  s o l i d i f ies at r ome p o in t  above the melt
‘sur fac e  ,, Ve- ; el.

• ‘ l : e  ‘ ‘ : 1 xc I:: r I: ’ 0 0 , ,] I r o n : ,  the  melt .

r’cu .At a :,f r ol  of composi te  i~n then removed from its steel jacket
i.’y go I x; h o g  toRy the ,r r iCe r  t ube.

: 1 ’  ‘cetar c . 1 , I~

L L s  sroce :I’,ir e d i f n ’ers from number ( 1) in that the one end of t i e  stainless
s l e e t  t a P e  :. e’ ,rn .’:t tt ;e  f ibers  was sealed with  a 5Op th ick  stainless steel di a—
pii ra x v .  This  welded closure was vacuum t i ght so that  a vacuum of approximately
20 r ’ , I c : ’, ’x :s c:na,L ’,] be ac l : ’, ev ed  by the connect ion  of a mechanical  vacuum pump antd
vacu ’u’:: n 0 ago to Ii:o ole:; end of ‘t h e  tube. Once this vacuum had been achieved
the  :‘oo,.. owi n lg st o r r e we re  taken.

1. J u !n:scr ; r .: the  sealed end of the tube beneath the molten metal :;urface
Co a ‘Ie:’th t i :at  covered the fiber length .

2 . Hold C l i x  tu :  .‘ in the melt for a desired length of time to preh eat the
111 cr: in  their evacuated environment.

3. Rupture  the St  ‘ccl diaphra 1~r; w h i l e  still beneata  the m::elt surface .  This
sa u s e .x  x u lt ex ;  metal  to he pulled up,  surroundi :~g the fibers . This was
accor :i a ::ied by a b r ie !  partial loss of vacuun; as measured cv t h e  gauge .

ltertrovc the infiltrated tube from the mel t .

I ‘ m’ n ” cedur u ( )

‘ I i ; : ’  cx idy  ci I ’ t ’e r nc x : : ’ ’ b :  w i ’ ’ ’, : ‘r ocexj u re :  ( 3 )  and ( 2 )  is that  i i ,  thi  : ‘ri:: ’ i l : ’
melt,  or ; : ’ ~a~ ’ : i x  a n r l o ; : e n l  chlori t e x ’ arni e :’ an tOf u !, at ::: ‘: ‘ : : n  i r e , I I :  on olin : .! m nt t . i Ip ’
the  n~~c’l x i:r a f lux .

8
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I ru c e aur e  ( I ,)

“th is p r o c e d u r e  I:: i u x c x ;t i c a l h . to procedur e (3)  except that a vibrator was
attacne,i to the steel tube and operated during alloy infiltration . The vibrator
was :nuucled n:eci’~an i r a l ly to t r r e  tub e at a level above tt;e melt.

•Jnlike all of the above procedures , in this cas e the molten metal was essex;—
tlally “ rush ed ’ up aroun d the fibers rather  t han  “pulle d” . The molten alloy was
held In a closed chamb er under argon and the stainless steel tube was once again
sealed at one end , however , in th is cas e the end sealed ‘x x;: ; t he one opposite t hat
in’. u n io n  the f Ibe r  was x ,e l d .

IL . The open end of t:r e f ibe r  containing tu b e was introduced into t he  char ] er
th rough a vacuum t ight sli ding seal , however t:;e tub e was not put in con-
tact with; the melt.

2 . Both the cha :n:ber and tub e are puisped down to a vacuum of ~ü -5 to r r .

~~. Tire o: . er. en d of the t u b e’ ( t h e  en: ] w h i c h  contains toe fibers) is lowered V

beneath the  su r face  of the  melt to a depth which covers the fibers .

1i. 7Cc t ube I:; !V Old in  th i s  pos i t i on, w ,  tO the  vacuum maintai ned over the
melt, for a desired preheat time . The fibers are thus be ing  j re l ieated
In vacuum .

‘
. Argon is bled back In t o  the  chamber to finally achieve atmospher ic  pres-

sure.  because the open end o f  the t :;h e is ben eat h :  the melt surface ,
an’] b c c u u s e the  I n s i d e  o f  the tub e in st i l l  at l’~~~

5 to r r , molten metal
is f:’. rc xc d u~. into tine tub e and around the  f ibers .

b . ‘ I ’ I ; x : ’  i:: f ’ilt ra ted tub e is then  removed Iro ns the chamber which now is
f il l ’ .i w i th  argon :;t :ltrlo: ;i ’.l ;evIc pr’s ‘ :: ore.

C • lIe ~:: :th~ c at. nin e :; t Proc: ‘0 t ir e ;,

Ti:’’ xj ’s~~~i ’ x ’ .5 e ive . h i :  era W”s!’e “ x : : ’. :  .~~ x ’  C e : : !  : tn l e ’ ,x..’ x’ r ::r:i ’ f i l er at  r - ’ ::e ’tI , i :~~
t r l ! V u V i u r , .  The f iber  ‘,“x~sile I e :f ‘ : I n I , , :, i n  sh own i x :  F ig .  1. ‘I to e .
C e nor ’s consIs t : :  of moun t i fl;5 i i ,  ‘11.00; - I ’ - 155. lar~ O x :  ‘V I e a rm: , . of tI;; !n ~ ‘x t x’ : :
a r c  !_ : xim; :re.:’n’:ag the fil er en.I,, w it , : a i s’..; .- ‘ ‘ ‘ e l  n ot  W a X  at each ;‘: l . A t ox:—

s h e  i, ’~~ an i  is ‘ ‘ ‘ n ,  r e m : ]  i x ’  1 1:, :; t ’. u : , ~ ng s I i ! ;  ~— :o” r ew :r,’’ n ’’ n r t n , i : : n : . i:, 1 I i . e  Ic; ;  ~r ,
C ’ ,. tO ’s t i t er’ I ~; m x  ! I s l x r e n i  :1.— :1 : : ‘ ,‘ , . ! . ‘ I , ,  oh ’ Cr~~ If ~~;t x l  _ ‘t S : i :~~i gxlg I: I ‘x : ie . l  I :  n ’ n O n ’  of

• a n ’: ; : . 0 0 load t;! f : ; l : l i ’ I:! r e ’ ’. :!’ I ’  I f i n  r e n i c I r  f i t  ‘ ‘ ,
‘
~ x x’ t x :: I , e

-
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remaining fiber halves are used to measure the fiber di ameter in the gage section
by use of an optical mi c roscope and calibrated eyepiece .  To aid in observin g
the mode of fiber fracture , selected fib er specimens are submerged in a droplet
of water  supported by a small stage placed directly beneath the fiber gage sec-
tio n . ‘I1his droplet acts as a containment for the fiber fragmentation ~roce’ss
dur ing  f iber  failure n~r;’l as a result it is possible to determ ine where the fiber
f r a c tu r ed  and In how many locations it fractured. Examination of f iber fracture
su rf :,  ce’s by scanning electron microscopy is then performed on selected fiber
fx’ag~I .o::tS , r more usually , on fibers wh ich fractured in onl y one location .

‘tine infiltrated composite specimens were tensile tested in the furs, ci’

In n, diameter  rods. Thes e were removed from the stai nless steel tub es , us:ed
fui ’ i n fI l t r a t i o n , by centerless grinding . Hollow cylin. Irical steel gri ps were
e’pox .I ~‘ .i onto each  specimen end. These were threaded on the outside to fit into
t i~e “ c:0 ile test  machine . The specimen gage length was 2.51i cnn . and twc strain
g.a~ en : “ seI ’C at t aci . ed  to opposing sides of the gage section when stress—;:tr;d n

j O C V I  ~. : ,j e  was t~ e measured.

I . yil ’er  Surface Analys is

Arì :.~Lysis  of f iber  surface chemistry was performed on f]bers in both the as—
received and extracted ( from composite) states . The r r I r ;c i pal techni q u e  used
was Secon dary Ion Mass Spectrometry (SIMS ) using a 3M model 5db unit .  This unit
l’s so: t it le  of both Ion Scattering Spectrometry (ISs ) arch SIMS . In ISS a primary
hero :: of ions is directed at the surface to be s tudied at. law f in e d  energ ] e~~.
nin he s:~’ t t e r ed  ions , originat ing from the primary beam , :;re analyzed  in an electro-
s ta t ic  energy analyzer and , by this analysis , used t V C ~ i en t i f ~~ the elem ents on ttn ~
s: eci:sex . sur face .  It is foun d als o , however , that atoms, and compounds can be re—
m’sveri fr .c mn the specimen surface by this process and the  analys i s  of t h e r e  secondary

ion’s ‘cl t i n  a mas s spectrom eter forms the basis for SD-IS .

ii~ 2152 , ,r } :x :nr,i cal information about surface compo sit ion (~ 5A m l ’ s: ‘oat tot; V

.‘~i-~~t o)  ;, f ’  xi ‘s n lr Vh ’ lc is obtained by sputtering the samp le wi th :  a 1.5 to  - .0 mit . I i : i r —
et e r i sam 0f ion , : ;  [here (Ne 2 0 ) + at 1500 volts] .  Ions a i ’uttered from t he  sur l’:tee
-ire j :’ooced t h rou gh  a UTI 300C quadrupole mass s p e c t r om et e r  which  is px’ eoed ed
an en ’ .’x’ ~:: f ’i l ’  ‘Sr to reject  ions with energ ies greater than about 100 vo l,t ;; . Both
conductors and insulators can be studied.

the G i V~~.ItV signal output is a readout of det ected ion current vs ma’s.: m ; r c : ! ‘‘r .
Sputt si’e I ion s can be b oth elements and fragments of compoun ds , and t i n ’  1]

b a t , n o r .  c~ I” co mn f n .:und fragments (cracking pattern) can serv e to ;Iez ,t ,! fy .: sr.~ ’ :11, 1:

u t ;  t i ;e  ‘su r f a c e  by c o m p a r is on  with standards . Shallow (less t b ; r i x :  in n : a t x )  n i n . ’~ n t  I .

p ro fi~~i n ;g cam; be done by sp ut t e r i ng  into t I n e  su r f acns  r nx ,~. : . inwx: p i i x ;j ’  t h e  ~~~
t rum ‘ i t  ‘ f r  variouu sp ut t x s r im ig  t imes .
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The probabil ity of detect ing a par t icular  . : ] ‘x r c i es te- 1. x ’m ,do not only on its
abundance but also on the sputtering probabili t~.’ ar :•d th , ns eas e of ionizing it
during the sputtering process. The latter two I ’actr :’r ;: ;u’e b.o’st or substrate

V dependent as well as species dependent . Thus , while a particular peak hei ght
may be proportional to the amount of that species rreoex ~t in the sample, quan—
titative comparisons can only be made between similar samples , and absolut e
abundance can be determi ned only by comparing w] th a known standard of similar
characteristics .

Electron diffraction analysis was also performed on selected fibers to pro—
vide a more complete analysis of surface composition .
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III. E)~~ERIMENTAL RESULTS

A. As Received Fibers

1. Mechanical Properties

The tens ile test data obtained by testing individual filaments of DuPont ’s
fib er FP—IV are presented in Fig. 2. The gage length was 0.63 cm (0.25 in.) and
three dist inct strength populations were observed. The lowest strength f iLe-rn
were all found to be somewhat kinked or curved prior to test while the fibers
popula t ing  the middle strength range were visuall y straight. Figure 3 illus-
trates tine ~~ is of kin,ks observed in the fib ers. Finally, two specimens out of
the set were observed to exhibit  very high strengths . The s ign i f icance of each ;
of t::ese strength regimes is considered in turn below .

a. Tire lowest strength population is not characteristic of the FP ma-
terial itself , b’ut instead is due to the kinked condition . In testing an elastic
pre’stress is Induced on the surface of the fiber as it is straightened. The
area’s of the fiber in which this prestress is tensile then fai l at a lower ob-
served UTS th an characteristic of the material itself. The radii of curvature
of ti,e kinks observed could cause stresses in excess of 2000 l~U~a to be super-
imposed onto the average tensile stresses during fiber tensile test. The actual
superimposed l ending stress is probably considerably less , however , due to
s t ra ightening  of the fV i i .e r  prior to fracture.

b . The highest  level’s of s trength are indi cative of the  st r c ’x r g’J: : c o t ” r ;—
th a i  for this f ibe r .  Observation of thes e levels should encourage further
inves t iga t ion  into the fundamental strength controlling mechanisms of this p n n o l ~’-

:illlne alumina fibrous structure .

c.  The middle strength: range is typ ical of the predominant f . ,aw ~~O j ’ l .i~

lation , probably relatable to the material s tructure , which  is d i f f e r e x i t  t’ xv~x:
the visual kinks discussed above , yet which also lowers fiber strength from the
h i g h ; x .’.:t level;; o b s e r v el .

PO x:’  aVera~le ten os l ie strength ; of all of the  FP f iber s  tes ted  wn .m s l”loO ?~
( :55 x ~~~ ~‘n i )  oh ; t I n ’ ‘.:. at. of om;ly those fibers which di d not exhibit ‘,Ine l ;i rgn .’

scat.’.: kink s in ; 21.he . tn a (2:18 x lO 3 ps i . ) .  At present Ii is ;Laclea:’ as to w h i c h ;
of t I , x .;’s x ~ m; nij : ; i. x ’ ! ’ . : W OUV I i  be more inf l uential in dete rmin ing  rx ’n u i t a : ;t  x:. e ’.;eI, mx ; I ,r i X

c O x : l . ’:ni te ‘st r e ngt h . t m  a d d i t i o n  i t  should l e  x ; : ,.ted t h u  , xi l t I :oog };  th i n s valux ”s oI ~
s t r ’cx ,c t :  report” I .‘u’n s I ; :  ‘I , ox , h i , ’ average , extremel y hi  I ~b ; , 1, 1; x ” :  ~~~~~~~ 

V I ‘ x ; , -t I , ’

me ’o: :re I : ;t ’to r  I r n i : .  I l I m a t  of t , t r : ’ f i t  x cr .  In th: ’ p :in h , :d i’s:;i n a  i : , . r , r , f j l c : . , x L:: i c ; v x ’
‘olse n ‘iv’ iI~i’x h . 1.u w i t h  h i g her  “ :1:: rx: ’ce iven l ” ;: t r x ’n g t . h ; , l o u ver , ix :  ‘ ‘ v x ’ r ~c ‘ a:: ’ h ’ s ,—
dl i x . j ’ ‘in .h . ; I i c i V ’. a: ’ r :o .r e x ;  c” . ’ss x ’ d t a b o o  :‘ en l u n ’ f . i . ons i n  1 :1 . m a : m : x V .O .

V _ VVV V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ - ‘-‘V — ~~~‘__ .V VV
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The f rac ture  ‘sur faces of Fl ’ f ibers  appear to h e - ’  ,. i m i s ax  ‘ t , ,. t i. ’, n ul or f i b e r
surface , i . e . ,  granular , i ’igs . 14 arid 5. It was not p O s s i i ,’icr  In correlate frac-
ture ‘s uI’S’ace appearance wi th  me-as tired tern :; II ;’ ; ; t r t sm ; g t h , .  i x .  audi  t ic:~, 1 ecaus e of
t i r e -  x ’r’ ;,ix nuiar  s n V ir t m l c e , it was not poss ’i t ’ .le to clearly 1€ . f i ne t he  loc: it ions of
t’iber f.racture initial. i ox:.

:“j le i ’  A,ni— ~l2 Is a m :; ixed ox id e  cerami c f ib er  ~ i’ud~~ceO n y  ,31.b Company . I t  is
available as a continuou s yar n w i t h  3h~0 fi lamen ;ts per tow . It  is prir ;;er l ly de-
signed for use as a hi gh temperat ur e material in heat sh iel ir ; and therm al ix ’ —
sul ation , however , the manufacturer indicates a i r ig l ;e r  strength r e in fo rc ing
grade of f iber  is possible in t h u i s  future.  The s t r engtn ,  l .i st r i b u t i o n  of f iber
AB—312 it; gIven  in 11g.  0~ There  was no ~~~ ervai . ’ix :  evi .l x  ‘I s l e  of f iber  h i  nk 1
nor d t r i e  ;norx :sis. d ist r i bu t i on  on ’ f i b e r  strei ’;gtb ; indica tes  t : . at ;~~~‘s of the :‘iters
tested l’ailed due to one oont i ’ n,,l i i ng  by t e  of fl aw populati on . t h e  h , i g n , e s t
‘st r ength i s  ob serve’s were approximately 2000 i S a  which  is wish ‘below t h e  h a g h e - st
values of the  FT fiber , how ever , the lower densi ty  of A B— $ l h  provi des a :lfn i ’Ci  Si c
st r exrgt . :n  advantage for th is f iber .

Th n e J umitomo Chemicals fiber is a yarn consisting of ai un :,J . na and si l ica .
The ‘s i l i c a  h e l p s  ‘stab i l ize  the alumina against  grain growth at eI. e’,rn ;t e.i tk .’:If x, i’ n ;_

tures so t hat  t h i s  f iber h as h i gh ; t ex r nper ax , urns s ta b i l i ty . Two .;n;ai i s:o ’:r:. hxs: ’ of
t h is  fi l er were delivered to t h e  Research C c ’ x n t c ’r for evaluatIon and “:‘.i . w e r e

eval ’uat e .n ‘n’ ,’ t x :mr ; ; i l e  t es t .  The dat a ob t a In e d  t’ , ’ .r bo th deli ce -r i  c’s of S ‘ bx ,’i’ :;l’ n

pres ented in Fig.  7. As in t h e  cas e of 1ti1— ’I .  , k i n k i m u g  was not ,An ;c ’rv ei .

2. L .If n ~’f n i n ’e r ’ox”;dition

‘ n i n e  sur face  ‘s t ructures  of t i ;o  fil ..xcr :: are . :o x ;r pa fl xn i in bi g.  8. ‘FI;’c FT I’i er
surface is very r ’ou gln and i r regular  as soir :parx .” ;I to t u e  n;~~:~~~~j  ~‘I ar ;sy
faces of tb;e oth er  two f iber’s . Both t i n e  I ’lL— I and ~V ’ } ’ _ L~ I i i  ‘ . ‘r:; exhibit 1 0

roug h surface ch aracteristics with no discernible dI .t ’f’x renc e a t tr i b u t :r i n ’I e  t ’
the t , :: ix :  cox i t i  m ug of 2102 m l ’ s: t O t  on th uc l:’;t fe:’.

Figure 0 shows the 21142 m r ra : ; : ’ , spec t rum for “ 1 — i  15 1 ‘c:: taP en at n o r  ‘s i  x ’ , r: —

mate h e - p h i :  of 5O~~. The spectrur ;  C h n n ; i ; g x : n l  , : om: ,xs w I n i t  w i l l 1  I . i xx: e during tb;e e
spo t t ; x i ’I r ig  , b u t . :;tabili ‘sod to I h r :  t. Si; Owl ; ix r  Fl ‘ ~ icy i l : ’ i me 20 to 3:, 5~ had
‘been sputtered away . Si..ec t .r: : lox ’  t he  oth e r  f i l  :0 t ~‘; x :  ‘Sn ’ Fx ’  s n n mx ; e w h , a t  S ni t  lao
to th is , and ‘ I o n :  t h i n :  ni x ’ w i l l  be ti::cussed i n  l x ’ )  o i l.

‘i i : ’ :  h ;Yik: ’ n i t  x r: : .x : : s  I f )  ni n , i  n ) x x ! ’ ; ‘l x i i i .  :;. t e l ,  I . i  • 0 ;’ 1 ”  1 i i  i x  ‘ 1  S t ’  U

r xac~ e~~t .ivel y — 1. 1 ‘ p c x i x ;  C nn . :  . Li O x : : :  ‘ x l  nfl: e- : • ’ 1 , 23 , xi ; : n i ! ’  11 , S. ’ , ci, .

wl;i. chi ‘,i ’ s x ’ x .’ x ’ : ’ ’ ’ V ’ L ’ m l l . I t ; ni h of b~;e ;; ,‘; .; : rb ’ . l ;‘ : • is l e n : ; ’ : . ) : x m ’ n ’  ‘ t e l ,  , : f t V  Ii ,  I : ,
;ne:’ t O o . , bu t I . : ;  ey u;: u: 1.1 y I n : : .y nsa :n I ’~ n r ni in, I n ’  r n I x ’  ‘ x x : .  u , t  i f  , t . I . ’”  If’,1 ‘ w n ,  i If

: 5cc ti ny i’i:i’: ’i ’st ed  well r x n I , n .n ‘,h~’ f i t . x : : ’ , : . ‘ [ ‘ i i ’  co llx’’l . ‘! of  I n n ’s n i l  I f V 
~~

5

12
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.124 , 15, 16 is a t,yj’icnil cracki ng pattern from an organic. These are probably
C , Cii , chi ~’ , CR 3, CHm4. 1,Ii~es at 141 to 145, 57 to 59 , an;! 76 also probab ly come
t’r cmn organic ocr: i due;; mind probably indicate a fairly l r ea ~~r polymer.  2ome con—
t r~ butions  to the  lines at 2’i and 28 likely come from Al~ and A1H~ wi th  the
n’e-:: t :. x4, so comin g f tc : : .  organic’s . Tin e other lines from 1 e through 31 are likely
o f org :;n : ic  ori g i n .  Wbi le  we nx o ; ; ’ t know the  precise  ce’x.tr ibution to h’f and 28
fr ont Ao , Alh i , rind Si , C l i C  peak n;ci ght m i t  h o  for  ma’s:; , ‘

~ to 28 : :t a b I l i ’s n : d  at 1. 115
‘ x ’sI fex’  n i : ’ o n n t  2: 11 of s j ’u tter ing  and can be conside red t,t be el:~tr’ :cteri : : t: I c of F’P— l

I er’s . b” or : ’ o C ’ . r c nV : o , the r e l a t i v e  Ix .s  t l ’u l n V e x r t  g ai t ;  n o r  t }:e H peak is 1 wh i l e -
t i n O  ‘n I L ’ ;  is 12 fo r  tI: ; rest  o f  the  ‘spec tn ’ ncn . The 11 n;e : ’ ‘it n , 3 :~j , :1 x ’ 5  are Cu 1’ ;’,
t he .: ‘ ‘

~~~:~ I ‘ i . e a n : ’  in .),.

I a ’. :~ L~u :~ L 1 _ l i “ i i , ,.’i’ n: ar ; show n in  F ig .  10 . Fi gn~i ’e lOA Score ’s t o n :  is tn a
lx ’ ’  ‘ : , o d o n , 52 i g n ; i m r  ± fo m’ ii , lb Sex’ t h e  r e s t ) , ax ; i b i g .  hUl l  is  for  :; c n n  11i

e’i i n :  of  2 . 5 .  Th es e fiber :: are sup} t:;ed ,~ xl ; iVe  a t h ; i n  00:; ’,] 1’ ; ’ of
. 11 ‘ . on ; b : , : :  s ri ’  n ice , and tb ;e i’e:~~ b i e i  gl: t rni t i o of 27 U 20 :it SX of 0 . ‘14

‘ 1 : 5 :  0 t i ;  t l ,c ’ ’i: .:ve  1.85 is c .Le :ir ly cons i s t en t  w i t h  ~~~ p resen ce  of ~ 
n~~~ At

a I I’~
’
~ opt: : , t : , x ’ 27 to ~,i3 r a t io 1:; 1.75 — close to t o o t  for i”i — t  f ib n .:~ ’, : . ‘ this

L a t h ’  ‘ ot t o i , :id s t a b iL i z e d  at ;it ’out 50A which  thus ocr  resent ; :  sri a\-er’tgts h n~~c~:—
a:, :;: “ I L ;  .‘ i U , film . One other d i f f e rence  to n;ote in Fig. lOB is t U n i C ,  f : : n

;sx ’:~~~., ’ I”., x x: 01’ ‘ :j x ;i c s  are greatl y decreas ed over thos e I i  1OA and in col ; ’ , i ’ n n r n n
0

x’ s — ‘ :: e::”s w i n :  c :: ::till ‘s t rowe ; ;  o;’ganlcs at b OA.

i l ot l :  u n n e  ~‘: s—3 l 2  fl i ers and the  Suimmit orno fibers exhibited some cr-cd c’s 0:
the ’’; : ’ . ‘x.:e i a’, nr ’ga r , i  .s peaks decreased by a factor ci ’ 3 or so :I1’tn’ r ,::~J,h’ n t : .
.102 or ’ , : , t t n ’ :’ m u g .  I . ) . 5001W 2 Ox ,’ rioted thuat time All—il. fiber w:i;: heat ‘ V r t c ; i t n . ’ : ,:

i x ,  :; , I ‘ : 1 1 0 1’  t .o  ‘sX ar , .I ::’ : x  .100 to x’ ’nno ve a pr o t e c t i v e  or ”: r ’,ic  s i z i  xn ’ : i s : n ’  1 
~

, t I n
n ’ ;: x ’I ‘a ’ or.  l i n e  o r g n n x : i  c j e:ik;: i x :  t I : e se  two fiber’s (me];; ) vx ’ to ~ti) w a , iii tom :

10 t i : : .’; ; s::r:ni .i or t h ; r ; x  i x ,  t h e  1”i’ — ’[ :u: ’I 1 1 1 — l W  fu rs . ~~~~~~ x:r n ; s s  .7  t~’ , 1  i’ ;’ b e:;
i s ’ ’  t . ’ ‘ t i ;  i ... .8 :‘or x’x .h ’— ‘1, : :u;. h S umIt.ox: :u i’ ..”, ;b ’x : ’ c t i ve ly . AB—3L ’ r ’i i ;c : ’ :; sho w ; ’ ;  t h i

n ’ ’ . , ‘ O x I ’  01  ; r ’ . :x : nn ;  Li , i i i  :u 151’s ;’  a I ’ I~ W ’ i;~ :Jo :o fo un d i n ;  t l ; t  ‘ Su :d  l,1 ’. n : .n ‘n t er: ’.

1’ : , l 1 ’ V i . l .’ ‘~~j I i  I, ‘, .:::j i U’;:1 .i V , i5 of t l : x ’  “ I — i  s I ’ i l n ’ x  , n ’ i n ’ ; ’ tr ’; ;  .11 x ’n ’ :’ ;c t i  :0
n i t ’  ‘ n ’ r . .  o x ’ ” : ‘ ~il n , ’~ n t. t i ;e I ’ ; t e n ’  :.YU1 ’I ’ace . T im e i’ n .’::Ui t n n m : t  ~ n i ’ l x ’ : ’ ; : , ‘. ; : s ’Wl~ i x ,

F i g.  , i  s i  ‘ I ,  a c’u i ’ h l n .: ’,’ i n ’w oh ’ f o x :  f i t  i , O x ; . ;; h o ) ) ;  ‘ I ’ , ’ ’ t ’  U . ’ ,: n : , :J.i :: uJa L ’; ’ !’ 01 ’

‘ ‘ ‘ 1. ’ )  ‘ o a T  - r a i n , . :  i x ;  l,. l , e  h i f f : ’ :; : ’ ) x : r ’ f i ’ ’ l i . A l l  : ‘ : ‘ t  ‘ a t  I r I e x i m ; ; ’ t l : x

‘ ‘ ‘ ‘ 1 5 . ,  :. . O s ’ , ’ ; ’ , ‘sit .  n w e : h  :‘ : n : r  L i  I c  rig !‘ n ” ’ : : x : ,  I o I t ) , t .l n ” ’  . , n .‘ n . :
‘ n ’  1 1::: ; ’ “5 W a : : ~ t. :, , , , , : , ‘ x ” , ’x s i  I .i i x , , ~, 2, ’ , ‘ ‘  ‘ n i x ” !  11 . . . I . — ‘

‘

Is. : I I ’ ’  s O ’ s  I ;,
~~
‘ ‘ r , :n te ’  lam ’ ; : : :

o f  t) , x~ . ‘ om n n; ’x s i  I .  c’c .t I no ’ i’ ’ ’ ’ ’ ’ Ian’ ’ , : ix ’ c’’ 1 ‘c n ; ; e ’ , ’ t I n  1 , 1 — I

1 0 1 0 ,  : ‘‘ : 51 ’ l x ’  1 ’ “ ‘ h i ; , : i ng thiS I t  m a t  ‘ 1  n :V , ; V ~~ , . i ‘ . ‘ ‘:: . : ••~~~~ . ~ I ’ : . ’ ‘ n ’ x: .~~~: ’ i l  ‘ ‘  m l  n —

l’O ’ ‘ 1. 1’ S” rn ’s ; ’1 n ’ L ’ l ’ xc : n s r O ; ’ r t . n V ’  I I )  C :  r ;at m ’ n : ’ : : l ’ . , ‘ ‘ x : . ; , i ’ i 0; : 0 ;)  • e;’:p’ ’ r a —
10’ ’ :.‘ i x ,  f i T . ~, ‘ ‘ i ’ I m; us ‘ ‘ i , L I ; n i x ,  U s  c ‘ cr ’ I p 1’ : u ; 

~~
‘ j I h r  i i .  ‘ ‘ , ‘ ‘ ‘ i. ’ ‘ 1 g ’ x ’ ‘t I  : ‘s’a.l ‘

-



0

Several ot’s’,s r ’, ‘ ,t ion ;:: x , o w c v e n ’  , c .~c ’or l~ 10.11 ss1r , (1 ,1 ,;csl s,’s ,Le- as~ cOt ’s  of

~~, 2 :01:1 . . ‘, : res c are s uz~r ;arisc . i i ’  d ow .

,i . n , n l ; ’t ,’ on ’ a ‘,i ;i x i ~ t cct, :1.i iip ;, :’i4~ :, ox ,  b e t  a , n  of ore :  f iber  f ixh  co t o m e-
10 VI:  r ,:e,:Irai . .te in t) :e case on ’ 1 ot ;, flux C0’Jt .’t ’ n s , . I (t u  ,r n:x~~t1r,g) or unf ~~’~~eu

~m e l t L :, 1’ ,:,dc~’ n i r g ox .)  x . ;c l . tt : ’,. :t,: ~~~~~~~~ . The i i m : ~’: .rr ~,~ :. ~x o’:’, i t t e’d  complete p:’Le’.’ac—
u n i t  i on .  ~~t ’ t : .e  SiC c: f i l led  p l’ x,, : ‘~~m s . ,  prior to i x ,  5.1 1) ,;” ;; i o n ;  of t i ;e molten :o.,I (n v

‘ 1 ) 115 r :: iIn ,L. :ui z eo the o ccu r ren ce  of voids ,Lm ; t b ;t s  r ’es u l tam; t  micros t ruc tu,re mth ich
no.1 re,,iiited :05;: c; : t x ’ r ip ’~ ’n’ c. ga~ . I:: ;i~i PitT, :’:, , t Oo ’  di aphragm . pr ’.:’ver ;tec

t i re  entr apment of melt surface dross it: the  open end of the tube as it was
loa’erc.: U ener ;t  :: t O P .: x n:c l t s

2 . TOns s. of Ii:,  ai’~’ , ’ xr cover go’.. ,‘ n c g ot e  : h ) ;c n’en: ,~ , r e ,:m: . c ; ’2, for a fi o
tn ; :s~ i n.. : r~’vx .’J C ) , x 5  U1 ’ j  t l .’ :i x : . :  slenix: .i. i x . ~.ss 0 t ’ ’. n , n ‘ m e -  I t .  L x: addi t ion , t a ; , loss of
dl  , 1, 1 ‘ n n , , i  So ::tx, ’ to react 101. 0 t1.e n: : t ’ l t  s ,sx~: , s , s  10 51.; r, and th e  volatihi sa t ior .
cit hOe s  e x .’hc n : :ex , t ’s  frux : ,  t Sc Tn;c ~. t i n :  va ‘s’.,j~ was reventi .  I .

3. The n, ’ e S C ’ :1 Vi  i , r n t  en ’  a xis ; x i s  t . : le :xx ’h~ .icr ::om ;s t r :it c ,5  t~, be beneficial
In: h i , : n ’x n e ” s r . , n ’ r ; t  er t ’ o’n n;e~c t h n .’ mode a t ’ ‘.‘ i ) : ’  i n ’, ,; em : set 2 ‘so,; a flexur al wave
i v ; . h :. e  S t n s ’ ’ ,. t i l l ’ s ’ . “i : ;u ;: , L’ ’:c ;iU S: e o n  ‘ t i i ~~ wave l ’ :1~ :: , tu ; e suc;:li tude of  ~j L  ra ;.ion ;

V :u ’i s :’s ’S~~~t : 5  :.. I t~ en , . ‘~‘l ;e rt fot’ e , the 00gm ” of , Li . l ’i lt i ’:;C ux~ varied w i th  locat iox
:Lns ~r ;g b: , o  t a l e :c,J i t  ui ’s  x : st  clear,,. : I C  ~ t~~’,~~ ’j t n n a t  I; , l ’ I ~t i ’a t ion was aided .

C . Alloy Co mn pos i t iomn

A,’L i.sy ~n o xr ~I:os it  L o t ;  x~~rd melt tempe ;’ it. ’st’c ac re t ir e  to . ~~ ‘st cr i t i c a l  t ’!ic t . oi’nn
in  ccnr t i ’o l l ing  composite i n f i l t r a t i o n. Rae ; : of t I n e  :1 i,:’,’ :~‘ st e m s  inves tigated
will be  ti ;: Os :; ’ e:d below and ‘s ;un :u : ;n ;r i e , ,  of  ext  I ’: ,  I .e I f i t . ; : : ’  it: 5 ’oxnipo si  te  i . rc~ : x  ‘mt
..tn.it a ‘s i ~.l ~~ :‘ es:: ented i t ;  t h e  n e x t .  t Oo  s ec t  ,t : :x , .

‘Ihil i t ,’ ii is  a compl .I: i i .’~ . z ;  t’~ t i le 001:11 0’S ‘i . I n s  ‘o f  n : , , ,  , ‘. t ’, : ’tj  x a ” alleys pri . n’
to t o l d  trat .1 cx: .  The:’ es data lire: ’ base’s on the ‘5.’ t,i gi :x :’d I : . ; ‘ : m: : em r U: t ,L additi  c u n m a d e .’
to I’~’ i’m:: each: allot ’ w i , i l , :  the . i n i 1; in t ab le  III  sure  i ’rt n :. chem :ri cal analyses of t o ’
a ct : na . s . melt’s.

1. 1 ‘n :;i, l, . l, ’ x . ’ .m Ai ur:i ;:un:;

l x i i i  1’ x ’ s ’ i~n m , ; ;  w e re I :er ;b m ’; : ,e , i w i t i r  Cu t e’s C O O t  : n r x ; .n ~~~ 5~) % 1 , , ;  . ;~~r r I :  cl
Fl  —~~~~

‘ n j ; r ’ x  xh— ‘ i,  (~ I’, ’ O ie ’:! n x ’ , I )  f i t  ‘0:: n 1: ’j x ; ; ’ ~~s’ . .’ e . 1 ’ . x ” ’ : ‘;  ‘11, 1 ‘
~~. 

i X ; fj l ) , ; ’ x i t i u n ;
he m: , : t r a In ; :” : , of  :c; u I . ’;, ‘ is b b; U ’~( ’ w e - r n :  t x ’ ie . . h n o ,  n , 11; e x \ ” :t’ ~‘as c , n ;b ’so l ut . e i ,’ x ; x , :

i nf i l ’  “ . C ion o~’ t m , c  ‘i : ‘ ‘ n ’  k ; j , . 1 . i e;n 0Cc . 5 ! ’ ’
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1. Alu ininuar~~L i t b n i u m  Alloys

A;’ was anticipated , numerous experiments wi th  l i t h ium cor;taining alloys
were ;~n n n i c e s s f n i l  in provi ding a fully in f i l t r a ted  s t ructure . All of the  pro—
ced ;rn’et n descr ibed were t r ied  and each was successful for ‘specif ic combination’s
at ’ x ’ .ber , matrix cc; :npo ’sition and temperature .

i n .  t : e  :: ix::i ’le’st , :n e ne  (Mel t  designated #1 , Table:.’ 11 ,111) , in f i l t ra t ions
‘ 00 1 0  ;: nr ~~~~et n ’s fu J ,iy  c’et’i’ormed u sing process number one and t h e  aiumini,r ;— l i t h i i um

1. h i )  :;.Liov p l l l ’ c : ,xe :  sd from Belmont metals . Using fiber FT—IL” , the  e f f e c t s  of
x c ’:, ‘:0 , :rold I in : : e , xn .c I t , t emnip era tu re , post imif i l t r a t ion  m o b  ti !:;,; and volume
er ’c ’ ’:,b f i b e r w er e  all ex :u: i ined.  Of thes e , melt t emn ; : ‘sx ’ature cr2  vol’,a::’I i : n s m ’e e ’ ; :t

m U :  e , ” t , ’ O’O most i m p o r tan t .  l i pec  i mr,e r ;s  1—22 smd 1—2 3 , 1 1 g. 112 , 1 m;di cate th;at
Sal n’ .:: r i  go to ‘~~i c o x n t c x : t  a were obtained at 700°C W ) ; i le  n it  ‘ I O °d somxr e w :;  ‘it fewer
vol :s we m’e I i ’ ’, ic cable. UI,,:: .’r at tempted ;; eLI  L x : , ox ::n wh; I m b ,  w ’ sn ’ t ’ n fl l t i ’ :nt  ‘ii mit

p reve l t ot  al ,Ly unsabl,: t ” ,:tc~~’ wi t h ;  a’en~’ l i t t le  n ::etoj i n n ; ’.i ltrat .i 0. 1 ‘~:;e
f I b  ~~‘~~‘ 1 01 ,1,1 ns;n at all. The s j e : L 1  I x: :’sns shawl ; in U i g . 12 :om ;t n i ~ ned am1:rc x I r : r n i x . s~ l.:

s05 i’ l l  :n~ L~’ ‘,‘n: ’L 01::,’ . T h e  spec m n r e n n ;  in I” .’m g s . l~ r an d 1:, , i,o’s ;”ce~~’ , cox ; I . .’ i l . m’ : v: ri x ’d

~: n m ’ c ’ ’ : . t  age:; 0 1 ’ f i l er. I t  w nta foun d tha t  the  x ;un :d :er on ’ d i : :t r It ::ted vol Is r an d
eon ’ s~~: ix ; f i l t  :‘:it ;d r h i n o: decreas ed w i t h  I ucreas l;:~ Vo .n ionic percent  t ’i l e  n ’ . T h e

i; I r o n. of  pt’ : rin d pen : U inf ilt i ’:;t  ion hold t imn e~; was not found to he v;’r~.’ s.i gmi i 5—
ic ’;th t  b r a;:, a r ’ .i s’ m ’o ’st  m ’n ;cturad ,  po int  of vi ew . h i gh ma 1tm:i  fi cnn t .i : : x n  exain i m; :i t ion of

.: : , eni ’s  h e ld  in  mol t  x’s, alloy for 15 second’s (spec I _ J O )  and 1 . 0 : : , .I e n  x ;.i ; : ( sp ec
.1— I. I , :“I g. 15 , l .i d  ;, ‘ I nd i c a t e  any I i f l ’ ,’renc e L x ;  f i t s . r—mm it  ml x In t e r f a c e . I ;;

I t : :  Ca : : ; ’, ’ xn rc. n . t n c : ;  m m ’ : )  n i l . wan; al le to penetrate x .’v ex r  t h e  smn;aJ.Iest of f ibe r— f l U ‘‘0
‘ n o ’, : . t ) v s ’n ’ x ’ e a ,,n ’. ‘ :1  n i  h en ’:: nec ] 2 be detected optical ly , 1;owever , w ) ; n ? n  l o n ger

I’ 2 t I ‘es  a’;’l ’ n.’ us e..i , 11 g .  u s  . Shi eS  rough :; Ui’I ’ nicc Of t i ~ ‘ Fl” f l )  em:: i’s ’]. ;’ no’ I

c’s x x ,  b le  .1 t ’at bi 0:1 ; ’  sn : ;

V T h i n :  Use ~) f the  m n ’ I ’i ’vn ; s:U :;t  i or; technique , procedure x r ’ on : h  er two , cr ; 1;, : cO a ‘e m ;—
i d e n ” i b  I c  impi’oven;ent ix: composite microst ructure . Thi ; : s t ructures  : ; h r . ~w n  i n  T i

i7 we m’,: ob t a i m :e d  us ix , g  t I C  preevacuat ion s t ep  an.I can he  co mnipn t n’ c I w i t  o Fl g:n
1. 5 _ i , . The v o i d  c o ;n t e .’ x n l  , both d i s t r ibuted between t h ;e c  fi L er :: and at t :,e lmQld—
co ::nx ss s :. : e i;;t n O  f n x , c e  lee  l ea:; ed to almost sero , par t i  cul:; sl y i n  the  In n ; : :  of th; ;‘
cox::i o:: It e containing 01..; fiber.

I V ) , I:x, :x ’ s ’ n ’ n : t . : L E :,’ 01’ L i  pl’ x ” : ; x ’ m : l  ii; t:;e melt was ext ‘s ’ ’ : n x , ’ I v  impor tan t . I’Ixs ,’; ’iI n ’ x : t

m x : .L m: root  “n .; ‘ t a x ” ’ . : “ e m ” ’  ‘ n . s I  m~ oI W i t h ;  Li content;; It; OX ;’ : : , : of , ‘ ,‘ and Ove ’s; at 1.1

1’. 0:1. : ~~O’s ’s i i i ’ ’ ho ‘s ’i i ‘:ve ’ n : e : t m ’ l y  ‘o i m ; p l e t e  in f il t;’ot  i u m : , “ 1 g .  s ~~. l i s : w s n v e : l ’ , t h i i : :

S r: n i t  ‘ . l ; e  :1 1 x ’ ;~x i x t ’ s t  ‘ I x’ ..i I, I ’ m x ’ n ’ i n m ’ o s l u :  l O b  results . At mc . 1 c v ; ’] of .. . Cmi Li
the , ‘ , .‘m:r ; . ’,;i U t ’  ;; ‘ :‘:; :l : ; x ’ n ’  ‘ / ; i r ’ ; e s ;  W I  t i ; l o c a tI on  i n  t Im e  i m , i ’I t I m ’ : ; )  x ’ s ) tube. ‘ n b ’  mrs

n ’ ;  ‘ t .u m ’ e’;’ ’ s b ; n ” w x r  1mm I i  ‘ . I n )  ; ; m ’ n ’ n U . I from t i le  .15~~e ,‘om :, x ’ , : 1 e , h ow ever , :2 di li e  m ’ s ’ ; ,

b c:;) . l o x , , : • A l . ‘ :  ‘ n , .  t x l ’ tb;s’ composite’ wi ;i i l l ;  i ’d ! ’ :. ), m ’ n ’ : x  i t , ’ x  W l l t i  t n , ’’ n s  —1.Ii 1,1
I n m ’i lt  m l  em ,  a’’;: : : , : s : ’  l v  n~n : x n 1  i t ’ t .~~’ . At. ‘ox ::; ’ : ’ I to a ‘~~ j s ; ,, ’ x ’:n ; ’ t t , ’ r ’  m ’ i’m ’ ,~n v n  .1

L 

I ’ !’ . ::, 1.;, . . ‘ ‘n O ~. I . e lt ’;’i ’ ‘ C ’  0 1  i x : I m  .1 tn ’at 1011 I . ’ ‘s In e ’  i c ’ : : :  ‘ I t ,  I t ’ , : :n 5 , r I b ’  115 t x  • :1 1  ‘ : x, m’ x ’ n ,  I v
x i i : I, . ‘ ‘ ‘ t e i ’.l’ ‘ C  : 1  :r c o n ’  I i ’  of Li 11: t .i : ,s m::e .l ’  1’ ‘ s I c ; : ; : :  n ’ I ’ I”  ‘ : ; s ’i :~~ ‘; wi t i n  I i : , ’
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It  a’;itn ]‘e ’ci:d b a t  lar g e  ~‘ t ;rcex ’r t~iges Of .,,r : , r 5  we re U ’ c~ ng p icked up oar in g  tb;e
i n r t ’i ,~tr a t  .1cm ,  r oce;; s . In the  cases where t : . e  H, ’J .nrlomt t alloy was used , the i i ;i ’ t i a l
• : t ; j x ’ x  :0;.’ n :,;;t ’ ’c ’ nuJ, c o n ta i n e d  0 . 5% ir on ;~~ ;J t t ,i ’s  was a n~n s j c r  source of iron for in—
f i l tm a n .i axns  1 t h r o ug h 7 and 1° . It was not tire sole ; 5 r ’ ’irce of iron , howev er ,
n ’e c a r , s s c ~ level .’. w ;: r t .’ r’ .’: n c ) ; e d  in excess  of l~i , ‘~n . n  ix n  t i r e  cas e of specin :exna n:;a :ie

t’I’cr . :: :e±t 7 , Li :, : m:n l c ro ’s t r t ro tu t ’n . : ann t a l x ’ne ’J cbset” ,’nbm be F t :A .1 1 nar t i c l es  . Iron
or. dci’ ierg i n . t ’ ll trat  ion  was ocCu: ’ x ’inlg m y  r eac tiox :  iml t:: t :n e  s’n. eel mold tones n i x ’, .:
w i t ) ,  a st ;lr ;lsnO S steel t ;;er ;r ,ec~~:olJe shea t r r  used to ~re c o o t  a submerged L:. erm rr o—
ceun , J e .  W h e n  alloy compositions were made at UTRC using our own h igh pur i ty
sta r t ing  el emn:e nn t :n , the i ron content could Usually be held to less than lIi ui.i, e s n ’
a verl,’ la rge  x .amnib er ol ’ composite i n f i l t r a t i ons, ave ;  a vet” ,: long time , were ::.ad’ .

All Ix ;  ;‘l l t mr 1 n .  tons p e m n ’:”rr:a”i vi t i .  U s U n  fi b ers FT—I : i z ; l  Ai i—3l~ O s ,’t ’ e ::,‘a::, less
Li ’ :J . x .’ O t I V C  i : ,t ’i l t  n ’ :O i on  w, :ui d ec’su :’ i n ,  bocal ioe’J  areas , :. ‘:ws. ’,a ’ :’, O, n

n: , i cc’s .:t S’osb tir ’ n ‘ .: r u n :  n,a im sed  lai’;:x: ;oocr. x t r . : of VOl  05 . T h u  ;nr at r  lx a a
to C: cn . :~~:l : i ;  ‘0 .  ‘an d g o ’  t n  ;: .: I’ 1’ i t e m , .: , rat he r  . : an surroun d each indivi  l’o;O 11]
Ti e:, , i n , ’, i n : , : i t c  c , :m ; b a c t  h a  , .‘r: ‘‘an ’ , t ) r e  ~~~~~ ci I f i b e rs  al 4ca r’ .J to react exces:  n ,

W I t: :  t i , :  l i n . : . i~i”, ; en l n’ 1 01’ r: ,’ i t m J :~ , F i g s .. 20 , 2.1.

3.  s’;l’a ’: , I , ’ .’at’ .” 1:i::n: , ’..n . n . dli::’,’

f x , : ’i .l t ; ’ n ; n . I o m n : n  l. O;’ n ’sl” : e l  w i t n r  L :i~ .rn : :t . n ’, ‘is tal’ ox : ,ly : : i io o i r . g  a , ;d i t i r ’: m ,  t , .,:

.1 n m ’:, ‘~‘ ‘c ” ’  be: :n s ‘a C c t ’ s ’s  fu l  h i r a m :  U r i c ; ;  e ci.: c m’ibe d ab~ vs . fom ‘a , n, .. o,o cns n r tn .;J n . .
i I h : r i ’ n j : : . ,‘o ‘ :, tel : t oe  J : n t s .: ’ mrn ~, ’ ,; .10, ..: :n. s:n sos t 1 ’~x ; Wa:: i~i I’l l , I..I :e  actua.,  ;:a’l ’
used .1;; t i es’s ex pe r in :e ; ,L . : .  ec ’n , t a .  x .x : i nI; : 1 ,~u’i Bi sac to loss ..u;’in g ‘ : n; , : :x s:1 n : , en I.

i x r g  ~ x’ in : x ’  t o  infil ti ’al

I t  wa . : : n .:n i e r n i J . .LY pass1 O l e  to. . I x :x ’Iot:” h e  all. I i s;” ’ t ’,ii en ’ t y p e s , yp_ j n 1: I’] — i
rim ;.] i’d:— 312 ; :.owevem ’ , not  w it o s :  a ’, t I ,  c me: ’ O l i n . ’ e ‘5 n i ’ s :’ ‘.‘oids . ‘li ,e FT— i ’.’ t i l t ’  m’
m’e l ; . n ’ . .’r , ’e~l c o x n n p u s i t :  ‘s ’.. fl,lct.U n ’ c’ i m o o W m  i x .  b i g .  C ’  w i : ’ a ‘ : ‘b ’icci  r s ’: :ult . A la rge
wn;ss ul . ’ . 1’ fit:c’n’ “ 1 u ; : s n I r . n  m u g ” t c s n h  j :la ice - n er d  U n ;  o’ m at r iX  W s n :: Oct always eiL ’ .i~ t5:

: e n  :ji’ :;t ~~ U t ’ s ,  fibers si od ~.‘0~ et .i’ :~l n . x ’ ~’’, WC ~~~r t ire ’s:. ‘[;, I. x n : : n  be -  ‘,‘ , s iO n ;c t  and g,oo~i I i i
m at r i x  l i st  r i b  nt lo in  was n ic i t i  e ’.’ :d , i, c w e ve r  , i x :  n ’ :m nle ’ in :  r ’ i l . n m ’  ‘S i : ’  , Fi g. C. ‘a .
l’ Ift u ’e  23 5iemr,s  :n: ; trate: ; the :; nix ’, , ’ ; : ;5 ’’  at ’ 5 ’ .50 1 1  .ox ’n ; ’l St .us  ‘ .1’;’: : w l ;  ere f iL er  F) ‘ — I

was used , and F i g .  C~, t ’~. ’r Cl i ;’:’ st Ih— Ut.. • ‘ i i : ’  A — x i i all5 y nej ’ ; . e : s n ’ s d  to m acct  II’S::

severe.iv w I t h  th ie All— 01 11 f i ne r  ‘ n ix ,  ,li I I , ) : ; ’ A l —  1 , 1  a m l  , ‘y

14~ Al i t : . : .  : l n : : _ i . : s n V : , e  t u rn  A l l  :5’,’ ::

A, : ix ~ bbs ’ 0:1:0, 5 5 l i ; ’ s:u ’ : , no n , L .’ ;i : . i m n 1 ’ t,i .L ’ ;,‘s , m n . n x g :  s : l n : x n :  : ; 2 n i t i o ~,:; hi: x ) , ~
e rm:, i t.’. c , b  x: :r . t s ,;’: ‘scal e ’ I n t ’ iit , n ’a ; t on  t’ t ake i 1 ’ s ’~. , I~~’a ’ ’  ‘ ‘ ‘ n ’ . I i , , c o m x n l ’ c . i ’ ,e al

st m i n t  ur e ‘,, : O t  n i l  ;r t ,’d :::: uo ’,’ v e i , ; :  : m: : , l  I s  ‘xci: ’ : ‘  : ‘ i ax e, s t  ts: 1 ’x b ) ,  en’ fi l ’ , x ’ ;: . ,\,l .r ovs ~‘s I , —

nil  ; iug Is n~ n ,  I 12i :r :n ;~’;. ”:; I m a . Sen ’ use I n i x , )  ‘ ,, Si  e n ~ , m : , i  c m ’ ~::: t n ” ; , ’ I 5 , 1 1 ’ : :  i l ’ S ; : ) , , ‘w ; ,  i x .

F i g1; . 25 :ixol . I •
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5.  A .Lu m n;i xium ni — Mms x n e s n  i uxn—L i t i n t  urn Alloys

Alloys con ta inix : g  these two primary elemental addi ‘. inI ;; : , and in or ;e cas e a
amrr al i  rc’:c’diit. of ::irconium , were successfully used to infi l trat e compos ite s wh ei;
t he  levels of nd.boy i x:g were  h igb ;  enou 1 ’ir . I t  wu :: demonst ra ted  tb ;at law levels of
l i t m r l u r n  can be used t ’r ov lded  tb ;e mnlagr ;esiun ’ . sc’m;’s ’:z .trnit i on is rai:;e’l appropriately.

ic.’ ‘e r r i ng to Table III , alloys cox :ta . i n ; i  t r y  a~: low a.; 0. ~~~~ 5% Li were 500ce s ;:—
n ’u~~ ’,’ c:e,l to Ir ; I ’ilt x’: ;t e 1”l ’ — I V  f i b e r  comI .u . : i te s . ‘l In e s t ruc tu re  obtain ed by use

o n ; ’ n i x .  ‘0,1ev c o x : t : m i r ; i r m g  U . h g’,I Li arid 10 .l2~ I.Ig is ::i, u w m ,  Ix :  Fi g .  27. This is comp a—
tOil  ic U : ’  t I m e  levels  of i n f i l tr a t i on  poss ib le  us ing li’t , h i  uin concentra ti ons above
I .. ~ wi  t r o u t  x:. n igx r es i urn ; . If t h e .’ level of mn :a gm l ; :s iun  is dropped si gni f icant ly ,
:;~“.~‘ o’:’:i’ , the  n e m c’ee on ’ i x n f i l t n ’ n i t i o n  also dim i n i s h e s.  i’:i e x:ricrostructures  in Fig.
..13 W e’l’e .s:’taim;ed u sin :g  r ;n  alloy ‘oontaix ; ix ig  0. 5% Li and s .3% 11g. The amounts of

‘i t ’d ’ l ’ i a n r c h : i n g  ax .d po ros I t y  increased si gn i f i can t ly  wit: ;  the decrease in rnagnesiisml
csn ;t e n ;t .

1115 ’irei’ l e v el s  of l i th Ium:  and magnesium resulted in additional improvements
m x :  o’,’ ct’ :: ll con : :r . o si te  n : 1ic rost ruc tur e , Fi g. . 0) , although when the percer:tag’e of Li
n ’em n otI x m ’c n b e low l, ..11l it ,  was not possible to get complete ly vol d—l ’ree composites
It w :j , :  , l m ; ; :  s . : ; :’wn . tb ;a t tb ;e addition of a small percentage of z ir con ium to the
melt a’: r: riot s je t :. ’ :fl;entnj ], to infiltration , 11 g. 30.

x ’s:: U i ; e m c x i ’ ; ’ m m m n : e r s t  t m ’ i e d  w i t h  t ime Al—Li —Mg—Zr alloy was to include aluminum
wire::  I m:  w i t h  L I n e  FT— IV fiber :~m ’r’ay . In th is way it ~i ouJ.d be possible to demon ;—
s t rat e  a capab il i ty  t;: s’: le;nt ivel y r e in force  a structure: and also provi de an
alt eox’:.at e means for “hi  eying  low f iber  content compos it es . Although t h e  result—
:n I , t  corm ;j osit ; ’  m:n i c rost ru atures  were not void free , a rea:;onable level of in f i l t ra -
t I o n .  wa ; :im ’I : ie v es i , F ig .  31.

D. Analys is  of E x t r a c t  c.’d Fiber;;

F’P—IV fibers were “ xt ; ’n icted from infi l t rated compo.;ites by dissolution of
t i ; , n m a t r i x .  Th is was j n s s r ’ f o rmed in  such a way as to perm . n i t  an analysis of time-
d i e m::: 1 , : try of tine extracted m a t r i x  to be performed. A comparison wros mn ,r~de with ;
t i n e -  n: , :xn i r ’osit ie : :  of tn~ paren t alloy. It was generally ~‘ouii d , hu t  not alway s ,

l i e ’ matri,’: 1 it h i  UI:: ,‘c n m ;t  emi t  was severa.L t e n t h s  of ni p e rn ,’e ’m I ) below th at of’

t. IC i n ;  m ’ eot nei l n y  • Al:; ~,: , it r o : m se:n i red  that 1: I s  r n ’ s ; ) . ) ;  ansi  m n : s g m ; e n ;  i urmi Ja:’m ’c e m I, age:: we ,m ’ x
cxi n ) :n i :  :g: ‘ . i whe t ,  c nr. In :i .r’ i x,; ons be twee n parent alloy and so ‘mi n I ‘on; i te matrix a’ m’e made .
This 1i~ j ted  im :d om it ]  ci, of reaction b etween fiber am ;d an t i’] x , wh en l i t h i u m  in ;
pre~; en.  t i t ;  t i m e melt , w as :: a; fi  n ’m nn ’ :d  by tO e vi:; ual appeal’: sic c of t Im e ext i’act ed
C lii e lan  . Those extracte .)  from mat ri ce: n containing hi gh I .erc e -m ;t mj ge : :  of . 1 1  t i m iun x
were  i : in ’k grey in a~ p e ’ i m ’ x ;n s ’e w h i l e ’ those tale-n from nm .l .‘r~ \ ‘ :n co m : )  r e in  i m ;g s ‘ : n ]  y b l ; n —

rx’, n ;t , :t ’ m ’ i x n i y  x : . . ’ x g m . n c u . i i 5m :: ’~,’ n ’ m ’ c ’  ri :; a ’ h t t e  ix ;  ; i i” i : :x ;rnc. n ee I n n  I , )  e- n c : :~~b ’ u r d i m ; 1n : c ’ x 1 f i b c ’i ’ .

‘ V. - -- . , , -- ‘.
~~~~~~~ 
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0; ’ F h — l ’ m f i l er s t h a t  ‘i re t ea::’’, ’ : Ire’s: 1 1 e  i x , : ’i l t rx s t n . :
osm’or n , ’ :‘, c.’ Vu ’, ’ :5. ’ s V . I  se I :5: ; i np s ‘. ‘es:n d’.,j r ’,’ ion “ I :. s es t  5’:’:: con .’:; . i n  me: a l t .. of
‘. : , i ., U p ; ; ’  0:’ ‘ m ’. ’~~ :. ’is :i:’e ~t i s c s s, s e I  b e l ow  tOm i ’ :Ul’ i l i5 i’cx” ,’: , t s0,bu ’,’ n x , . t : ’ : ’c e ’s .

I .

.i e ;: x~ i b e J  :,L: S’,’~~ , t i , e  color of ’  , ‘ :  — I ’ ,’ t i t e r s  ext r ; .~o) ,L ’ 1  l’ n’cr ,’ ’ .’~:, aJsa:i. r . U : . —

U I V . : : . ’a t :V  01.,. c5 ’n : . tos i te  was n inc l :axrg ed  ‘corn: tha t  of the ori g i n u  FP f t  r ,. ar s . The
n: ,as,: :npeo t : ’nitx :. for time fibers extrnncted from )“l’—IV/Al—Bi comn :pcsite :x—2l Is

i x ,  F i g .  12 . The s; ‘ ‘‘o t n ’:r’:, s: : ’.,”wri ox, l i,’ co’,’n .’ n ’:; t — hiQ i’it or:.i ’ ..’ xn , :3,s :n ux’:i ts , n , o w—
e ’,’or ’ , .i:, c x ,’O :, I : . . t i , : x .  c ;  Ui ~.‘ L :i pher  a t . : ,n : i c  nn , n m s :  :n ; :ec tj ’uj m n ’ r ~ i (100 ) s ’ x ’.e -~~l~~,] a

of t x r l s  eler ,ner ,’, t ’ru x: , t i m e  t i l e r ’ zu r fa c ’, . ( : . ,ms ’ Al ::r, ’i C.i , w i th
slie : . t  ‘, : ‘n;od ;; e m ’ L i :,; :n .i La , w e t’s. ~in . ’ t n :c t ed.  ‘i ’i : n :  r a t i o  of t’] to Ci peak I e i g i ;t s
IS a t .. .tt “ . ml W : s i , S n , 

~s n:s.rch h i g her  thom:  a sl::, l In ,in’ ratio of ’  0 . 71 , :‘a~’ a s — s ’ o n .’eiv’:d
—IV ‘i: on ’ . :. tr s , i t  ninpe n im s  t h a t , al too’s 5’:h no sui ’.s t ant i a l res .sc t.i on has t alc , ’:,

.I:;~ e , t n : o .110 , ..n o n i h i n : g  a ’:, ,, :‘,un’,cved Soo n’: t h e  f i b e r s  by tUe  i x , i ’ t l ’  r:,st ic ; ,  p r o c e ss .

I . Al :,s:n .I n , ’ . x .— f l n t , ’xr e ; : I :rx :r— LI t ) n i u m  A .iJ,e’s’::

‘F i x : d i t , i : . n n ’ , :1 . 511 l i t h iu m :  — 5 .1~1 n ’ ” ;n :r, :::iu , a ~ .Lo’ ,’ n ;atr i :.: : i t d  m.d  al e:’ t ) ;e

“. 1,; cs ’, :, : ; eal ’ :in , s e on ’ 11 ’ — i ’ v’ n ’ i t ’~ n ’ ; :Ig .n . :I f ’icn :n:t l : ’  rt x : ] tI ;e Li idn  n : I ’ e ’s t ;’un’:, , 1” i f .  1.5 ,

i t  ;n ~~~0,;i :t r’e ::ex r c ’ ’  of 1.I g cm ’s th e f iber  s u r f a c e . t he  :‘n x t i o  of  nil:::: —
to  ‘s i J , i :cn ’ n ,  seak ,“.“i got s  for time f l i er s  x : x t i ’ s i c t e - d  t rout c o xn ,n. ’ e s it e  1’,’— i l’s

‘ ; S n .’Ut 5. ‘ w n r i s ,n i : , as in the case :: I’ the A].—Bi alloy above , I n h  cates t h e  i’ xxx :c ’val
of n o : ’ t ,: i’ t i m es I i i  1 from:: t b ’  f ib e r  sum’ t ’s  cc .  It is intcre: :  t.i m : 1’ to o’:tu ).t,~ j t . ’c’ min e

a ’’;.’ t ’~~~~
’ n ‘n . h  or: b i i e ~ t’l)  in; ’ .; u r f ac e .  ,‘s~. ’, n : , ’ug .i ; t h e ratio of :mlm n: , . i n i u m :  to l i t h i um :

peni s .  h ’ :’.. ’n r t ’ s  I: ’ .‘‘ , t im e :ictuai ’sum Sac ’ : 5 o ’ I n c e m n t . ci~U 1Ofl C: s1 ,  ~ t j i )  be a’s::”,’ 0,1 ,~Ut e  it :
Li , ‘r’” :’ nx u ’se 1 1  ~~:

‘ e ”j; ’ .i ’l y  :‘n ’n: :s:v’:’J Sn’om ’ :  t i n ; ’ c at’]’. ’ cc c i n mr ’ .i i 1a  S I ’ n U  t i  si x : ,’.

‘i’ ;;e’ : .;.Luir sir iu i :.—xn :a g .ii si ix ’ :—lith l u:: alloys coni ‘x . :i f l  15 1” :1 1; e :n’ ;’e: c;’: t n ; s ’ ’:’ n ” 1’

l i t hI  ,::., : r ~”w ever , did  ‘c aus e a n o t i c e a b l e  visual  c iox x :g s ’  i t ’ . ;‘ i m x ”  “ ‘“ 51’ :15 1

‘5 1 0 h e  ‘ I n n ’ s : , :  n i t . ’ ]  w i t ) ;  t h e  :‘;.‘acti’sm : of 1,1 w I t . ) :  the  ; ‘
~~ I ’ x . ’: ’ r u m ’  5 : i . : n . . Ol e .01.0 ‘ n e : ’ —

n ’ s.. fox ’ fI b e r s  ; ‘xtn ’act .e .I  ‘ Fox :: :; ) ‘“  d Iner ; LU — I ( 1 . ‘:“l Li , , . ~~ % 0g. ) ir: .n i owx: i x :  I’ I g .

33.  s’s ver .’ 1 :1 g i n  rat , :’  o h ’ r , :r: r , ’v :s,m o I’ Li n e :,uxn: : : I:: et’ I :i’ ’ x ,  t , w in i 5) :  n n 5 ’’’ e ,‘:: ,,‘ . t O  I L ,

e n r o o t ”’ i x :  I ’ l l ’ C i ’ a s n : ’ t ’n , c n :  ‘s lot ’ . In ; :c.dd .j t ion t u e  t ’n s t i o  of a l i sO n ut:: IS :  ;‘ L I s ’ox ,  : 0’.
x ie : .ig:;t . ,; Int  ‘.“ n” r u i g I :  i z r . i i c a t . I n g ’ n . e - a r m ,’ ~‘snn :; J e t e  n’e ; ’a’v~;J o f am :’ : 0 11) 1  n m ’ ”

: ; j ’  t ’:

. ‘ n ,L a:’, I : ,  c:.— C i  b i s o n s I I I  :y.

‘I”:’: I I ’C: ’. u : .  I n :  or ’ .i i t ’t s l  an:: :0 : e- m i ,  t sic ‘ 1 r,i) el. ,’ n : : ; l ; :  x ‘ n f  ; :~, . ,“ e- m’ ,‘~ S n t  n c m r 1 -e

n I ’ ’ . ‘ , ‘ i s i , :  C I n : n I n 1 ’n ’ ; ; :  : i , : : : o d i : s t , ’ ’  I m ’ i  L I :  r i ’ ; ; , ’ )  i s ’, : . :1’ i i , e I i  m~’ i m L
h : , ’ “1 — I i’ Sib , .:’ , ‘15t h i s s ) . o w x ,  i m :  F i g .  ~, “ ‘n’  : n x ” ’ , .i :::’ x ;  s — I  the n ’ s ‘ c x c

‘ ‘s:. ., .  h ’s i l  n .  . 5 0  x , h ,e- ‘0 e m ’  mm ‘i t ’ ”.’ . Tt .  c o , . t ‘ a t  , :0 : 1 :  m ’s ‘
I ’ m’ n: . t o 0  ‘ i l .  ,‘ , , , . , , m , x : ; ; n i , ~~ ~~~~ 1,1 i .  n i l . > : .hc ’wx i ;  .“ . ‘ ‘ n ’ “ ‘.5.

.., ~— : ; . , c . x .  ‘ n i l  n , :  : c , o , . ‘  ‘x ’ I ’  : 

. . .
._ _ ~~9 . ~~~~~~~~~~~~ ‘,— ‘ V - . ”—” ,
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V i n e  s pu t t e r ing  of the f iber s ext r acted f r om co mposite 6—15 was continued
for ‘ .np to  200 minutes to determine the depths of reaction layer of Li wi th in  the
f ib er ’ . Depth: mes asur ennen ;ts ar e very appr oximate;  however , the  dat a in Fi g. 35
are : n ’ o. : em: t ed 150 give ii general appreciation for the reacted layer thickness.
Oi .e i~~~° i;ei ght r a t i o  of’ Li to Al dropped off  rap idly with  sputter ing time so
t: :ms t  ‘ i r ’t e r  ‘ :5 ,:‘,it 100 m :. inutes  ( o r  14~~ based on th ;e  spu t t e r ing  rat e of Al 20 3 ) a
St : iL, . ’t ‘at io of 1’ . 5 was achieved.  Cimilarly , the  rat io of Al to Si peak heights
‘st oP I l iced  at about t ime  sane value at the same sputtered ‘i x : ; ’ tL : . Li th ium is
n .’ i e a x ’±p present .n si 1~nx . i f i c an t  m’or ;oen ;trat ions at considerably greater depths ,
how ever , mm o a dd i t i ona l  sp u t t e r ix r g  was carried out .

E .m ’:ct ; ’om ; di f ’f raot  i~ ’n analy s i s  was performed on FP— IV f ibers extracted from
A ,s,— 1.  ‘~‘1I. l  m a tn ’ lx  con :rp o’site n— 15 in an attempt to establish time nature of the
m ’eaobc fiber ,ru r ’ face .  A comparison between as—received and chemically extracted
:‘i L, ’: ’s , Fig. 30, indic :m~ e:; a m:irkedly rougher su r face  fo r  the extracted f ibers .
Flu ctr i : : :  di m’r ’ r ” ; c b i o m :  ~:m ’r’  fo rmed on mater ia l  protruding .  from the surface of the
ext i ’ :;Ut c , i  fib e r :  sh owed the pren s ence of two separat e phases . The more pr edo mn—
im , : sn : :, o n ’ t ime two , ob ;rerved on approximately 95% of’ the exami ned fiber E :ur± ’ace , was
ii~~i ,, i nii n s ‘s) ’inel (Li 2 0 1 ’ s’mi r :0 3 ,  AI3TI’l Card 110 . 3—09 11) , Fig .  31. The remaining 5%
or ’ t:.e n ’it ’em ’ s:irface was randomly covered with thin , single crystal platelet s

:‘em.der ing a d i n ’fr act l or ;  pattern as given in Fig. 38. Attempts to identi fy thes e
. s im : g ln s  crystal:; as a reac t ion  ph as e of the fiber and matr i x were not successful .
I t  i5n t : ;erefore suspected that tu e platelets are a reaction product precipitated
out  of t ime ex t r ac t ing  solution .

::~. ‘lox ::pusi tc Tensile Proper t ies

: el ected :n }’.ec innn er ; ; : , repres er ;t ing various degrees of composite Ix , fh l t r a t i on
and n :. n i t r I x  alloy compos i t ion , we re tensile tested to determine composite t en s i l e
:t r ex ,gt n 1 , and it ;  selected cas es , elas t ic  modulus and strain to failure . Only
.Ipec imn exis wh i ich  were fn ;hr i ca t ed  using f iber FP—IV were tested. Tenslin: tes).
dat a amex p resented in Table IV for all of’ tb ;e specimens tested.  In all but two
cases time fiber content was maintained in the 50—60% , b y volume , range .

‘Fire f racture :n ur t’aces of ‘specimens containi ng 50% and 314% f ibe r are shown ; i i :
F ig ’s . 3° and i~5 j  respec t ively .  The matrix alloy fo r th ese specimens contained CII
ii th iut :m and im . f i .Lt x ’ r i t L it ;  was complete in both ; cases except fo m’ t ime prennence of
some vo .i .’.l;; (Sn : s l ;e  ed ge o r ’ the lower f iber content specimen.  The f rac ture  sur-
face:: c :n n ’s i st~~’1 of large r’ eg ] s n n , ’. i x :  which there was almost rio evidence of Insil—
vi h m :tJ :‘I I ’ ’ :m ’ ~‘ii ll. , ‘:2 , n ad loral matr ix  f a ilu r e appearesi to be by n ; imea n ’ l ’ , ’) wt ’en
the f i t : ’  rn : , I” i g .  x i .  A .I ; ’ g r e - e ’  em ’ fracture s surfac e- ro ughness wa nt  intronluced by
s tep:: , n; nn : : d  .5’ wi ic im ,:xt .,’r:,iexl ov;’r’ large regions , 11g. ;2. The walls n C  tin ’ s; ’

~~ ‘ 1° c :x : t ’ i  ix ; ’ ”.’ i hem ,  ‘ ‘ ‘ o f Su n ,  ‘ r— m: , :tt c i x  PO e m:  h og,  i . e .  uncoated fi l er’s or mm , o~ r
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w t t x ,  U n 5 ’ , cn , a ’x’:s e t or i st i c  ~ n , tn :’ ;~ . ’s . , n t:,s n , i  t . :~~~’ V . ,~~~i ,’ e1’ e : . L , : ; ,  :‘ , L V . :~~~. ~ 0
.~~ ’:’r.t_ ;: , a’

.‘o, ’a,:’~t C , n aox’s.~’s U n , e  ~ja..5I rn: Cn s:’. .:’s : ‘ :Ctn ~O1l , U ;, ’.’: .Jere dl ,‘ertesn ‘~ t toe ’s’
m V . ~~:..:,o ’i J ”s U:  ~ o’~ f, l ’s n .x’—::.njt:’ ..,~ s t : ’ex .gt h ; . V. ,’., , ’.. : U 10r U : ,  . , . ;~~~~ n n e 1 ’  sn:.a.~~ I lve r si a :

u:,e f, ’a.:t~~: ~~‘ :‘~~nj x ,e , t n , erc is I 1 0  I ,~~~ s ’,’~ nV. : , ,: lo x ’ an ”. a’s ,  ~j t t n n n n .~~ c .’sm: L :5;; ‘
t~ t’~ . 10’. ~ gs a’;...

o , n . ‘s,.’e::s ‘s’.r e . n :  o’,n ’ve ,n , , :Un a i : , e  : mU on ,, ;. :, ‘.‘ ‘:im:. c’:, . .: ., ., s , ’j :o, ,, o 5L 5 1n al, . i ]~~]
n~~n . e s ’ u’ , :‘ r U s o : , t e n n  t : .  i ’igs . and m’ s::: ‘:, :tI .‘e_ ~’ . .::. , ‘ a isase~ ‘ : . o
w e re bi~~ .n :ear a i I m :  t h e  in i t i as  por t ion  c o r r e c n o n m d i n g  to ‘:‘_ as I ic  ceforxoat l  on of

I:, n ’ .:s ’. S j m m  an. : m i s e r .  • ,: : ti’l.c ,: :e.,, .: scc sa,: ’ , ”_ :  at a s :, :a ..,, of  .J .~~,n ,5 — f . u ’ , , , . anrd s, i:em”.—
:n l ’t e r  t : r e  con s: s .n i t e  ~~ ::.::, Ic ::,~. ,t :0us was J ;:cre:s. ’ e:j :::e 1:’, ocoax ’ra nc e  of nsla ::tic

31 :5.0 :sn:t n ’~ x .  .n, ’ ’, : ,  t n . e  prinso:’:: 0.5 :e ,:s:. ’x , , ’ ’,’ ,, u . n , ie  .,.u,i,; V1 agm ’eo
w i t : ,  a sim :4 i~e :‘su,e of xn J ,~, ’ ‘Si ns: ,x : : l o a ,o st i r ,~n , :,‘~~t F , i : ,  I.s.O “ in ’,’ ‘ ‘r, en c in:en ’ :  were

c_ ed  .. :,c s .’ s ,:’ ,: og _u ’ ;.:±:.) ’ ~ j ’i:  c U’s ‘oi.~~ r’ l,o t.L .L~~,’, ’~i ’ ’~L~ ‘O;e cn sa l ;g e
ix .  ,, . ,; s,.,1n:t I .e  L V .’ s:. :‘,‘: :, n; : no :, :  :~g of t n ,~ ::,o ’ n ’ ., ::.

V . : . . . vo . m , j ~ ; on ’ .‘ ,:x ’,. ; ,,’ ,’ j t e  ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ::t x ’ s;. :, i n s  . , . .. . , y j ’ s  u i

cc ::.e:.5 C:: ‘ . ‘ t i n ~ n n n m  n o on: .  n i l  b y  t ; 0,1, ci’ ~~ ‘, in .  C: ‘tnt ‘ f  to e. u ,:,,,. ‘~ S ‘ ..i er Di ’s .  : 15

:ntn ’se c. ’m r p e n t it e s  , the  SVO1 ’it) ’;: h a m  , are s t m n i , m ,  I , ’i’ us:.: ~ ;s ite ’s contain-
ing  5251 n,, m : n :. — s ’ ,I~ n i t ; ’;’ is O . . ’ ;.I . ‘i” ,l . .’ ’,’ ’,mi ’ ; n . : , c’ui d 10’ :,n , e  n a n s  10: t . ,s ’, t,  per—
.:e r . n ’  : n ~ ’n.. or ’ r~1: em , : ee :s ’JO,. fir :aj, t n t . ’. l or e  n t : , o : i , :: I n c  fiLn : t ’  ‘ n 5; ,,. Iec i i .  both ; case.
II’s ’:::; ‘ ‘ n . m ’ s .  a.. a.: of .r ’Ur a i r :  , aol toe site:’ e l a s t i c  xmodu.Luo 01 s”” n,i’ a , i t  is
Snil U~~,.:5 ed t : , o ’. ;t.e e n ’ r ’ect ivo .51: or hn’s,,Le ; Ui  m , g s m .  is ~~~ S’ n . ,j, . . ; ’ ,i. ’, d l’, U J 1.5 .: Cs .

t :,V.s ‘,‘:,~~‘0~~ , a , :  a~:sa’..5.g ‘ d w n j U U I ’ U  J o t t  ‘: . . , , :L. ’ m .  of I: ;, n O , ~~, u , n C.n

5:, n ; . . ’, t:’ oo t tn t :.us.:e en10~~~. r n  5’
~~j ’ t i ;i s. : s ,  ~ i’u x i x n . a i, . .n s . m . , S .. a.. L u  S i’edi~~t~~c

t ; , :tt  U : . ; :  n i ’ oc: a.’~ ;:‘ u :.5 ’t : . ,: u i ’ ’,n n o  )Ois a. . : a —3 14~ 1’is~ n ’ n~~n s ’ 5 , n , . . - , ..,~~
,; uc

Ia :i n ;x ; . l  ‘+1 . 1.11 a :a .’ . ’: ect l  ‘.‘e...y . ‘I’;,e l’s. rxn , o: ’ value ag:” :t .’s’ us:’,’ ;, 0 ,10 m~ I t ) ,  i t —

sex” , aU: , .n .  w : , j V ., c t n , e  ~;t t ’ :;’ I , : : , t gn .  ‘m y  Si: . .a: on ’ , : , ‘ .i,e tot  a~ n o i s e s  ~~i
. composite

V. I.’es.m : , e.’V. teS I.;: n , ,cwe’:: :’ , 5 ,~ t,us :e ’s to :0 , ; .  i x:~~:”: . r C r ’V . I t ; t~~.’L corn ’: :0 I’sOn.

In , n o r ’ ’:, .m ’c: , ’ si,: tV: : .nut e ~ f’ f i n  s::’ e l I c i t .  i v c  :‘s.d,l e .. I ,~ o n . . ~:. ~: r: ,aso s:n : i x , g

‘ 1,0 , , t ’~ i ’~~ : 1 — . ’. :sme ; ’s  1c;’0~~’ ’:. t e~; I n , ] ‘i g. 5. a . i ’ s  .1 .  r a e  :‘ n s , . t:,~~t a o o ~ di:’ t r i —
ci ’ st i ’ e n , gt : . . ’ , I ‘5.0: 0 s ts ’e: .g tn .n ’ of ’  O t t  I t o  and .n : . . o ‘ i c  .r c  c ’st ’c : ’sn n s t e n ;

I : : ’  ~~~
‘ :‘ .‘:,gt : .  . j . u _ o ; i i o m m s  i m s c i ’ u a I r  g ki: ,;teni . ‘., ;n e r n ’ . ., ,s n i . n , . ,  cia. ~~~~~~~~~~~~~~ 5’,; nl ,’ c’:;

i’i ci’ ‘a l ias’s ’: , ros’: e c U ., Ve ,ty . , :,e. eS VU, , sS. . O I L . n , m n t i ;  :. re. 0 , . ‘, , , , . s L  I C  ::; I

t he va.r,uo o n ’ ‘ ‘ , : C 10 mm oP t o lx ;o a  aL. n,,’v n . ’ ; ; ‘ ,on: toe  cc nn .p~ . ., m ,e l oO n . . ,

Lie .: t’ : ’:ic U n  ~‘:‘‘ s . : n  C ix: ’zi ’:, ’Li 1,’:,, .i o x n  .. x: t i n n n s t , :  ., t i c :  , i i . , ’  n . ,‘s,’:s ’ , . e ::, . - ‘

e i’cem ;tm mge:’ ol ’ m i t ) ;  i . :51 , ‘. :  e- dee:’ ’ ’: of  ‘ i i sn’  n : .  1 om , ” s i i ,d  C .: ‘ f’ : n ’

:‘ ‘ ‘s, ’ : , :” ,,s decreanned 0’, ’ ’:: m ’i s n ’ thcr w i t h  n , ~. :; ; : . ‘ : ‘ ‘ x .  ‘ ‘ ‘ i n  n ’ ’. m , t .~ ‘I t ” ’ ) . x , :’ x ’
‘s ’.:’ :x ’ s n t r ; , F I g ,  ‘c5. ‘C i r m 5 .;a: ’l I,’ , ‘ slin.:y i n , ,  ‘c i t ) ,  r’ . n i g n . ;  . ~~‘ n n :~ .1 ‘ n i ; , ’ n s :  no n e  :;

:n lg :L  ‘ n . . a , ’:. level of ’ . t I t t . j ’L ’  n ‘ o i l  isa .lI sCe’ ; ’ : . i I  ,i s . ch ;a ; . 1  , ~a. :‘,,.‘t ‘ ‘ 1 ’  5 ; ,  

--., - 
_, 1~__ . 
. .~~~~~~~~~ ‘ ---. V. ‘~~~~~~~~‘ .
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‘f i re  i m p o r t nu . ee  on ’ lit imiui: ; content is also observable in specimens with lower
‘n m , .nm t ages . . l j ’ e : im: , ns x,  .ii —~~, 10g,. 148 , is shown as an example. Vi to  1.1% lItbi ’ar:

t) .e  n it, em—mat r ix  bond  s t r eng th  was apparently adversely affected causing much
..ar’1’i’n ’ n t .::” ,: ‘ x n  ‘d.c fracture surface. Small local areas of incomp lete Infil—
t :“ ;t I .  n’ are :ti, ’sc evid em rt through; time presence of isolated fibers protruding well
soic ’.’ t:,e r’m’os:t ;c~,: :I’n.xn e .  PJ,though the degree of bonding  was si gni f i c antly

it,., t es : ’ C ’s , t h e  :sx1:il s tre : :gt i:  was very s imilar t~ t ir a t  of’ spec im :.en ;s contal fli ng
:m i g h ’ s n ’  ~ne ; ’cox : ’.a1’e’s 01 l .it l : i usr ,.

:“ i:::~Ll ’: , t n m o n s e eoimn ;e nm , ’ wh ;ich did not contain aim:,’ l i ti : ium , altho’a~ ); i t s f ’ i s —
tr am, e l  ~t least  or ; a xn ,aem’ o scale , exhibi ted a very l:.s:’s ’e change in f ra xt ur e  mnno ’i~’ .

‘ n:  ‘ ;men ;t  . I :,c~s of n . “ m : d i n g  betwee mm f iber  and ma t r ix  caused s’ns~~’ ln :r gn ; longi—
a n :.ao .:‘:a.s U s: to occur  at relat ively low applied str ess le’,’els . The .;pecimens

,n : m .us r . ’s:,l s:p l i n:t e r  and pull apart , Fig. nt ’ , ;‘:;then’ than fai l  in a
‘ :1 tex , s ii,.’ n: . . , Ic .

I n .  ,.‘e : . cj ” e .,  it  was fo und t i ;ot  low strength specimens could be associated wi th
. : : ‘ .I o ’s t e  Im: :’ib’ .r u t Iomi  of the composite and large areas of poor fiber—matrix

:l:.~’. ‘Lii.: L yr e  of behavior occurred not only for matrices which dId riot cO n ’;—
. ,I i ’ . i ;i ’as~ , hut also for several cases where the overall lithium content of

‘s : :n t  c i x  wa. h i g h enx moug h , but other condit ions , such; as melt temperature , were
U c: U .  :n :Uln:.

(
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1’. ns, :  he rr ,l eru ’ n . . : t n ’ . ’ ; ’o O n  t m : a t  h . .~~n ,  s tr ” n s o ,  “ ‘ t all, ‘ ‘ ‘ I :’’ x cism nm’ cn ,si ’t o .  can
:‘a10’i 5’;~~ O n co. t i . : ‘t. .’ I r ~ c ‘s;.’V n .n : ’no, s .i n ; n . .~ : Ii .:‘si : nseta.i, ‘Inst . ’  i5t f a ’ ::n” ‘ :5003 Cc , .  C’S .
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In . 1. ’ ’Ie ..’n m r  ::~ ‘mt . 3 W  .:‘t ;”.nsgt: : tort : s si t ; ’ :  ‘ S I t S ,  l o s  ‘It ux ’, ’l ” o s  a ‘ s in c i i f I—
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i m .  t:.~ n ’_ :.ao . 1 ’  ,ct a.’:: an,’s a low s U x ’e m , g t n s  i’~~se : ’— o a t r I x  :00 :. octi; Of t i ;eSe

‘s i_ I  _ .e ’: t o  os’s ~r ’I ’ n ’— :::x10 ‘s ts ’em .et : . ’s.n . s , a:: :C’ ’:’.,’ n: m a  U } :is  m ’epst :’’. , the’.’
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:~ ‘s o10  in , n ’ . 1  m’ :n ’. e  n con: . : ~~‘ . . tc~ ‘10 tm FL’ s . £‘t I .t’a ; I ,e ; V . .  ,. 5.

05 i S O  .iexn ,On . —
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a .: e ,’ . n . I  ‘j ,, V . ”,’i n , g  x n I n .. ’, t I . .  ‘.‘ :,i s  n :mnr : ‘ i t  n ’. s: ’

. 1 ’ ... I n ’ s:’ “ . 5 .0 5  : n;~~:. :e ’,’ m n i g  ‘ . ‘ ‘~~~~‘ ‘ V. ’ f , ~~.; ’t.h ) . C O U

t I ” :, ’ 5: ... o n ’ . ’~’t r’ . x .

U : , . ~ . ‘ ‘ : ‘ ,:‘s,s:nUf :r ; 131. :‘,oo. ’s :;pe ”. ” m: , :~ : :m r:d ts” ;’ , ’ . ’a’ ’5a ’;’ . n ,

O ’ t . ,e .;‘,:‘n” n ,n e o n ’ :’I n ’ ’:’ , ex ’..s’a’ : t o n , .  I r , f ’ i ’ t t i ’ n , t ’: ’ : ’ ” ; i ’ ’:: , i t .
an t , ,  . r s n 5 V . : : . U l i t L n  t o ’ t U . n.l’: 10’. : . l ’ ’s’. o,.’ ’,:t’s’i ‘si,x :,Ih ’j “‘,u’.l . I . ’r c i : . : ,  ‘‘ ‘ “ .‘:L: : ’ ; a  “ .b’ : .’n’ ’ .

‘0;’) L . . :n .U.t. :: ni ’: r ’ .n:. . . ’.’e ‘ . ,  ‘,:, ‘t,”.., _ L :.’; ,I :i:er ’.5’; . ’ ; ’ ’ .~ - i — I ’ ;
fib ess  , i;’o;’~.”ier , t:,ese eI;.’n’ ,o x , U: ;  ‘Ii’; ‘ . :t roe , ‘‘ ~~~s: j t), tF;e ‘Li sn h :  ‘ ‘ :. ‘ . n s  “ e lf .
TOo li t ..1i,Ut— niL ’3jn~ mra  l’e:a nx i . .: n r wn :s r ’:t,s ; ’r :,t. 0 1 3  extend i ’ m , ’  ‘ :. ‘ “..;‘“ oI’ In, ’
fiber leaving a surface m ’eaot ion  pro s oon, of  ..I~n U ’  ,A.1 -’03 . ‘ .‘ n ; i i ,  .:“~ m n n ’L m.n . did m u s h,,
n o w ev o x ’ , .ln Ifi’anl C the f ’ i h n ; m  .n t ;’ .’::rt ’ , .  d’o i n m  an n ;  I . ,. ,1. us ; I .m :n ’ . e”j ‘ ‘ ‘ ‘ , ‘~ . ‘ , : ‘ ‘ ; n —: ns ’ :m’ ,

t w e”.:x, a, . — r’ecel a’e .1 f iber  h m,ix :nib e :, ‘. O C l ; ; 5 U 1 .  si . 1 ’ s’, ” : m m — : :  i I . ‘I m ’ s ’ , ”:’ .‘ C , ‘ 1,01’—

trst rl e’nl on t i ;’. m . a s i a  ot ’ m n , ”sn i ’ c reS os ,n .’ n t . ..s it ’: nt ’sr’’ ’n ’5 10 1 ’, :;n’l ,; ‘. : ‘n , i . n ,  s ’ . . . . .  ms

‘ ,‘ L l e c t l’ ,’ e l’luer  ‘s t r e m ; gt n  on ’ aI ’ s’ :’ . ’x: L ;nn ~t s.5: ;:~~~‘ l IS t  ‘ . “ :  : ‘, ‘ ‘ . “:, x e - n  to ;us’ :.‘1~ n On es
s f ’ i’lL ci’ OL’_ [
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Table III

An alyzed Alloy Compositions Investigated
(Weight Pe rcent Elements)

Melt
Alloy Al Li Bi Fe Zr Ni Cr flesi~~ ation
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L i — L I  ILal . ~,L . :, L 3  0. 01 1.14 .‘ .O — 0. 25 n, : ,50 9
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Composite Tensile Test Dat a
( FP—IV Fiber in All Case s)
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Fig. 42 FRACTURE SURFACE OF SPECIMEN 19—26
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FIG. 34 SIMS MASS SPECTRA FOR EXTRACTED FP—I V FIBERS
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