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; 5 1 A2

" Figs. 4 and. 2 shc: the,grapnx»e maua' B i
- the. finlshed skelaten Tor the 9 in. typs bar,
SR L '&vnﬁvsuﬁvelye The operation consisted of forcing
N : _ the two punchés (A and 8] into the mold ease (D),
— . ) . at incraasing‘nrasauras up to “1500 psi whéen the
,aaaembly,bad boen heated to £900-30009F by = surs
ading high . frequwney g8eil. The punches, travél-
iﬁg aloag & tapersd keyway in the mold eass, trans-
3ated the latersl pressure gxerted on them'by the
presss inte s trensverse preseurs on the powder déns
tained in the mold {C) bekween tha punches.f It was
gﬁ; T found that best resulis of infiltration ease and
% T . stractursl uniformity were obtalnsd by holding the
. _ ... pressurs &t the peak temperature f&7 a certain
period of time in strist relatica o the specimen
. angd mold sizeo Pne: skelatan bazs were pressed %o
@& denslity of 80 to T0Z. The P in. long bars were
ground to oetagonel eross. sscti@n_bexe e impregna<
tion. Hot-pressing of the skeletons under nitre-
- 'gea oPf & gubpsquent headil treatment under nitrogen
. did aot raeult in any signffiman@ 1mprcvamante

o o - ’ ‘c‘-nkal sn Strength
: A sories of t@ats %o deuermine the modulus of
trapavorze rupturs of skeletons somposed of titanium
- . : earblde with and without bBinder, boéth hot-pressed,
e e e .. _adYAeprassed and sinterad. and hot=pressed and sin- .
. - - tevaﬁ in Horbliack under deslce atad hycrog gon, were ‘
w s . .. caprted out. The rsason for the sbove tes te 1ay in
the bellef that the sikeleton atrength has a signi- o
S  fieant effect upon the atrength of the final coms B
Sen et . .. pesite body.~ It was found that. ﬁae Yara mgde from g PR e
. o e _binde?-free titaniug 6arbide were tse f“agile t6 be
SR Otheﬁwl e, the-method eg_ re sBened .
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- molting point af the hinder subgeguent to not—
pr@a§¢ng»_ Table I shows & tpraal 88t of‘va¢ues
for akelstons with lux.metailie binder as tested
at room temperaturs -sng &t 1800%F. The inoreased
atrength of the sintered skelstons Iis believed_ta
be due to au. fuoresse in the offectiveness of
bcn&*ng of the titantum aarbide particies. Y i -
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A numher of methods'of iwpregnaciag the reo
. frastory metal carbide skeleton with & molte
- _mstallic phase wers investigated for the’ ﬂunpoae
of finding the method which would result in the
most hemogensously penetrated pore-free akeleton
of optinum propertiss. All impreghation opéra- %
tions were ceryied out in horizontal, graphite- L g

tube; high freguency heated furnecss under & “
desigeated hydrogen afmosphere, A1l molds and — ]
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fractory cememts. Asidé Trom the diffsrent i
methods Hf 1nf11fvation, the effect of penetration ;
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HOeYas  Fige o Shows & 9 in. bar inslde s “gEpEs T T
mio veassl after imfiltration. It was found
N sasentia’ in chisﬁmethod £hat exeessive_eiSSuwx';
.iusion of the sarbide akeletcn shodld hot ba. .
,Halloaad,ta escuy dus to prolongsd time at {ﬂfil°‘,
CEration tenperature and. greatly excegsive amounts
-of Infiltrant, Flgs, 4 &nd © show, at 200 and

- found that tess bars. of e 1/2 x 1/2 in, eross -~
-aectien exhibxt*ng 1o magropoéirosity, 1183 o

- iess W

vdiraatian, sould bs prodused By this method with -
_.most Infiltranta, prvvida@ the gkelatons hag

ffree, ‘virzually microporosliy-~Iiss stﬁue%u?é of"
8 60-65% denigs titenium sarbids gkelaton 1aflls -

 rig. 6, of the same apacimen shows the relatively
’:uniform structure of the specimen *h?oughout.

. trated with Ingsmel. Im this case,; althongh
. thers 1s no eovidenée of coring or other wesTo=

. entirely be oliminated., Table II shows the effest

:fThe variation in propertisa van be presumed to bHe.

' ;ag Longi‘cudi'ml sapm.awy mﬁumtzon Met“hod

‘o penetrats from ons,« bath anda of the test
il A, i
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and the prapaf Lﬁ 1ltrant a;lotmsnt in the form
strlp or shabt, pluesd on tep or bottom, or
voth, 6f the bar. Caaslla;v AU?OG‘&CCIV&U@G S
infiltration of the infil%rant into ths skelistofi
then gggurrad during heating of the asaembxy for .
times oif one hour or lesa at teamperatures avove
the melting point of the infiltrant. It was - -
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GROPOTaS gga, ang & genersally satisfagtory
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wisy of ymﬁ)ﬁrtiwa 3% the *Gngztad;.nal
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EEld4 X

previously been properly . prepared as deseribed

1200 times magn~ric&t-v“,'rsspevuiuv » the eoré«

trated with Hastelley "C". The macrophotograph,

Plgse. 75 2; and 9 show the mloPe= aAd MESTH- -
struc@urea ef a compavable temt spésimen 1ntil~

g
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Lt N
by et YA s

aeoplec numwunifovmity, microporosity couid net

4
s 1)

o | Xl

of Zhpidirvestion ef iﬂfiltration on the mddulus
af rapturs values, and $he effective 1imiaation
of thie pheniomsnon by infiltration from twoe OppO=~
site direstione. FPig. 10 shows the variation_in
madulus of trangverss rmpture over the langth of
a ground 9 in. répresentative §itress rupture bar,

SR A

‘eaused<by losal microporoaity areaaef

e A

The PPOSEAUSS 1u this meznoa varled 1 *EH 1 7 ’ T
that in {1) by the fact Zhat the molten infils - _ i
driveén by eapillany force, was allowed - - S
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- variation in the degrves of inflltration leading

. ] . 6 ® practic Ily i*:ﬁ.] trant=free structire
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. ®his metnsd @uﬁwﬁstﬂd of encasing the 5
sxeletﬁn ‘bar horlzontslly iIn an Investment — SR |
cage which allnwed the infiluiuut to come In I
conbast with the bar by means of & sprue along - - I
the bottom of the sksleton only. The méltén - S = tggg
infiltrant was corducted t6 the gprue from & . _ B
fegerveliyr sbove the bar, thus foreing the ' . |
molten mesal through the ekeleton uy thﬁ poa= B
itive prsssuve of 2 hsad of moilen Infiitrent, ST TS

. Radiographie sn&lyais showed that the infil- ) S
trant ponetratéd the bar aleng preferred patha, K

i

resulting in a non»unazorm struet;re and eom~ :
posltlon, : . - "

o i
ot 1
P

...... ot L L SR IF U UY ¥ APV, T8

,
i

(5) Preasure meregnafion hethod ( ngitudlna;

Tha nrocaduve in this method waS similar
£5 that described in (4) with the variation of B
&;fowing the infiltrant to penet ate: Into the 7['~
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Pig. 11 shows the vars
hardness along

< - .. the 1*“~ﬁtuéinal direetionAof the impregnated ba7T

T for A upid reet'enaxig impregnated barT. Thée se-
yayre reductica in ptrsmgzh at tbe enufanea end 28
- the skeletoh bar was found DYy padisgraphle and :
- , “r\metallsgpaphic study to be dus to oxcessive skel~
e T T - __eten erosion and &olubility in the moltsn 1nf11v
- srants - the gqnaily gevere redustion in strength
o &% the @pyuaitﬁ end was f@und ©o be “saused by i

|

|

|

|

|

IR |
e o - sugrauna“ng the sxaxatqaa
|

|

|

|

|

|

L e R amp"*g“infxitranm FUﬁ%w?&vAUu of Ehe pare strucw
|

|

|

|

\

|

|

|

|

- e e igtion in modulus of rupture and

‘v\%u“s. ;* N s E . L af

- \ "~ 7. 7 For the rsasons of the ﬂtrugyur&’ and surength

e ff"""“““”“““”‘WV”“iat*cﬁs -gibedy- 1t. wagméadged,dnuotfulVﬁhether .

- —'“*[ ... . . specimens of aa“fzeﬁenklv uniferm properties “gouid
be produced by asny of the technlques deseribed, other -

o than the firsts which was acsordingly ﬁdonﬁad for the

- Anirm izu wst spscimen productione

B PO N

SN, \v‘f\.‘?@.ﬁnr tradte Tested

h ’ha ln@’ltrants tasﬁaé wors E&etalloy oW, Wis
ST ghtoms Vi Inconel, -and. the imtermetalllic compound

| WiAl. Tabls LII shows & reprégentative set of modie-

| C ~ ius of rupture, duetilitys and oxidetio - PRIIEtENGS

iigg e B .~ date for titenium oczrblde gkeletons impregnated with

A : o  thase infiltrants. On the strength of these data, -

| iﬂlsimprggnated bodies were eliminated due to thelr

| 1ow.moduius of rapture and cémparatively poor ‘oxida~

| tion resistence. However, E.ﬂkJIﬁxlltrumwu‘bn#&%%GQVf'

| bars conglsting of titanium carbide snd 16% nickel - -

| binder with relaiive caseé. Fiskel nad to be used 3£

V : R gkelston binder since it was not pessible t6 press pure

| - , E titendium carblde, and atiempts £0 press gkeletons con- S T

| teining aluninum, 4n addition to nickel, to sorrespond STy

ﬁ , , +6 the stoiechiometric ratio in NiAl, also were not suc- S

| ‘ ~ gessful, The temperature of . nrlltration used fo‘ s S

' ‘ HLAl was 33:00-3200°F ‘ . o

-~ Alghough both Haatelloy %" and Niehrome v 1nfilm
trated the oaﬁbids skeletons with greater edze and con-

et o gideratiy less gassing and aisaelution of the titanlum =~ -
sapbide; Inconel was altima*aly éhosén &8s infiltrant .. T
test bars submitted as apecified in the "~g

for the aine in.
contraoct, asince this infiltrant resuited in composite

titanium carbide boedles with 8 sombination of physic&lr" t?[
Cgsnd enemical properties superior to those of titandum RO |
tratea with the otner allovao> - ,\;“

<carb1de bodies infil:

%DC'I‘VR\ B2-92 | apl
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ttempteq to preduce csﬁse, uniforn bodi _é::'

. Was
onpdsitien elosely almilay to that of infil-
urute ‘bodles by hotnpwesslng 4 mixture of titanium
— 2 8 and nie r.ncwdera. A tyniﬂar cowpewation.
1t pe

£6ht: Was tgtanium cEFBLde 506, nicksl
e 8.7, The pﬁessing was sarried out in,-
: _ conventional grayn¢ue mdlds under & recucing furnacs
m ) s thwm“ww&mo&pngxg at. temperatures up te 3500°F.. it _preved

e E RO A

- impossible to consgistently produse wnole spseiwens in =
this mamnst sinesé the excessive amount &f binder was ]
H_squeewed ints the mold wslls fgring pressing and sauged
the “bars tc break on aubsequent eooling and sxtractieno

t.’;‘

: Table I¥ 31?55 the PhSSiaal Propepfies of ?53 Pff.if ;W
2015 TiC:NLCr {percent by weight) speciue e
dueed by hot-presainge_ This tab%e‘also shewe phy 40

1nf&’tr&taee It aa“ be ‘seen that th aubS‘queﬁt 4ﬁ=
filtration izproves tne strengtn properties signlw ]
e ‘flOuuua.;r“‘ SR s S ‘f‘_‘"“_“: mra s ol R
£§§ I The hot«nres& mcthed !as not. eonside*ed te be
of sufficien* merit for the nroduction of gomposite
DQQLEE LOT bumya::.t.asuu PUT acn, aus 90 the {)I‘Odnction_ S N &
difficulgies encountéred and the relatively inferior B
pnye;ca; prupgrhxné~uuu dshsily thainedg as‘aompared . s
_tu infiitmated bodles., T T

iG}d*PPGSSL g ang, Sinterinm , ] _

- & _ e

|

T¢ facilitate a comparison betugen the Ri?fevent , R

methods; an investigation was then carried out with i i 28
composite bodies, conslsting of titanium carbide and A RS =
vabious metals as bindars, of compositions gimilar - EE

- to thoss agthleved by Iinrillfratlon, by woldnnressing
et ... . &nd gintering mixtures of the powdered ingredisntas
_ ALY aintering was dorne nndes purified atmospheres
" In graphite tube hlgb frequency furhaces. Various
ranges of compositions were inveatigated, and tést _
bars duplicating the comﬁssitions of compoaite boiies
...~ infiltrated with Hastelloy "C®, Nichrome ¥, and -
.t _, . Inconel were proauced, The most suitdble amount of =
1iut;:titanium caﬁbide was eund to’be 60-65% by volqne.
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typicsl ccmposi‘ion in %_by_welght is 063433;0
;'TiC°Hi.5r. The &xcesalve amount of binder Gaused, =
ip most cases; the speoimen to Blister end warp . - =~
during sintsring when carried out accqrd‘ur £0 oon-
vent*anal practices of sintoring above the liqpefac--?‘
.tion nemperature of the binder &iloy. Ranges of
gintering zimé and temperature ware investigated
1or the nunpose of finding the best proguction pro=
, us8. JThe use 0§‘n§-4Lﬁpqem hyarogsn, or nitrogen. . .
instesd of the- desiccated hydroger. usually employed - - — -
“as wtmosphere during séntering, did not result in "
eigpifican improvement 6f the prepértiss of bhe . : L
y “*T¢b7e Ev“shcws"the modulus’@f trana?awge“'°:j”““ﬁf

——

- vguotilitv at.elevafed mperatures lv the trans—;
B '" .. verss vend teési and é,enai'euly moduius of Tup “",9'_
... _ _ _®&ng other phvaie&l properties superior to thosds
. . v‘,uvuwpvessad.tast bars, but slways signiflcantly
.iuferﬁor to infiltrated specimena. Redustion of : L
the titanium earbids particle sige by prolongéed - o =
:millirg of the powder prior to pressina 414 not o
result in a significanf improvemént of the ano‘ L -
gieal properties of the teat bars. The tinal- . A
- ,bcdies whichfwere presiﬂtered, shaped, and fully S
sintered under desiccated hydrogen slightly be- T
low thé théoretiéal melting peint of the bingder
ailey to aveoid fusion, uliatering. ang excsasive
éafurmation due ¥ ovarheutiﬁg, were usuallw only . L
abaun QON dense _ ) - ' e

SECTLON IX
OXI mwﬂ SCRERNING TESTS

The oxldation tests peérformed on test speeimens
under this contract were carried out in a manner devel- .
oped ang. standardized. during past 2 researoh pojects . . .
. The data obteined 1s presented in comhariaon ¥with that .
chmpiLed for the coumercial cemented titaniug ea”,idg T
‘gradéé.K—l38A and K-lSlA under tha auspices cf ‘the. ;_”M
‘Materials Lavo: A5 eriel
¢~Command 4)m~1 :

CUWADC TR BR-02 & T I
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f,é§“§€£hod cfibxi&ati'n'w7‘

%800

h FAD Techinisml Reropt BS=02

i

The rate of o

90, ana 2000°F

. gain 85 @ function of time, Tﬁe'apacimensfﬁggéfhﬁatu;\'

in & dry-aiy myrsrg furnacs,

' "?h?*primary'resuits Sbteined from the 2DoVE mspe
tloned investigation 35’5@1335‘Endixﬁgﬁikgraﬁg that

~the oxigation rate £ parabolie ang that, during oxides -

Ti0n, two clstinet layers of axidéfanéifon@gégg@ the

Gt A

surface of the s@eciménsggﬁgxeMibnﬁﬁm%é@éﬁpi“;fiﬁiggherai¢ -
;.tg;ﬁhé@pompes&tewtbai§b tested here, fThe baraboliec = -

Daturs of the GK@QB@&OHWmﬂgh&niSEAisAattegxed*tg‘byxﬁgg

- stralght-line relation between the time 0f 6xposurs ang
strai ,

\,°;°x'7\?ﬁéxbiid&tiéh_baha?iar“of t1 tantun sarbide skeletons

She aquare of the welght gain divigeq by”33353156&§d_gj7,éi»g,ﬁ;srw*
: :gurf§c$7§@egg — o S o e meh e

- infiltrateq ¥ith Nichroms ¥, E&atel;cy_“cﬁj’and-Encpﬁei_
8t tewperaturcy or 160g, 1590, and 2000°F 1s shewm i -

A\Flgﬁ@!laeL139'ﬁnd lgs'féapéaéivsiyg' Thege rigures in- "

‘ 51“33j¢??vas for the dxiéﬁ%icﬁ<beh&Vior,of'XalsaA ang

K-X51Aa for compariagn Durposes, Fig, 15 8hows the Goms

\parative<¢x$§8tion‘behayior:ar‘qompbgité bodies of the

various compositions, ‘Thiéyoxia&ﬁieﬁ_atudy,rﬁveal@ B

that titg:ium‘carbidé méteriglalinffltngtéé with varions

Dlckel allose aiffer with FegaﬁdttO‘ﬁheirwschépé%bilitg'
: : ' It appears .

;aféxiéaticﬁ‘&%*ﬁifférént tempens ture levels
that Nichrome Véinfiltréteatgﬁﬁaaiﬁh~a&rbidé 1s subjent

r;%ﬁ'%<mar@Afaﬁidly inereasing n&tévcf‘QXi@&ﬁiﬁﬁ with ig.

sreasing temperature in the iange of 1600 to 20000 than
is Igcbﬁeléinfiltr&ted titaniumfcar%ide@ Hasteliocy mpw.
infiltrateg titanium carblde was founa te be slightly

t@7i850°F: ite*cXida%ian(rate iﬁéré&&aé‘rapigiy above
1850%p, hﬁwevar,‘making the materigl unsuitabla pop test

Specimens to be teetad\at\highnr*tampgﬁﬁiﬁ?egi such ag

thermal shocking at 2300-250805.

_The infil trated G&tériﬁl@qwaréffoundAtovbévconsid;

éﬁﬁbiy\ﬁupefigi;gd neé sintered titéﬁiu@;cafhédé,&ém?664§

=1514) in the Fange in whish

farg“taej?eiaxivali;pqqfrr

the Ni2i-infiltrated ‘titanium car-

- P
- B -4

oharioi® IIL shows & furtner Soms
2ehavior of the Infiltrated bogtes ==
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Gastelloy “C" and Inconsl were oxidatzed by haating them
in a8 slow stream ot oXygen at 2250°F. The resulting
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oxlde wis Comminuted to ﬁ;ﬁ@ wesh and procassed into -
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- 7f7? Analyses,qr;;ns variaue’exiée P JUL%’WES carrf@ﬁr
S - BUE - uyﬂxwray, Table V 16 & como;latvon<;L X-ray dats

~obtained fer the oxlde layer &f an inconsl<inf iltrafed'
8pégimen. Tabis ¥ algo shows the data obtaineg for &
-~ -~ -synthetic speciman of apparently sinmilar compesition,. .
S Tabla VI gives the analysis of the eeries of synthetie
gpecinars anhalyzed for comparison PUrpO8es s Ageord=
inglya the me ok soustituente of the oxide fiTm wers-
- founid to be 0% ¥i9, Sﬁﬁrfegezg 104 m4, ¢ Thé 10Z of
Uﬁluguwlfied compourds did not correspond +to TIN, TiC,

or Cry0,L B |
| S ‘fwf‘mgaaghy;;"' e

‘~Synthetiﬂ Body

Nic B 40 Soj 30 30 50 20
5 25 30 40 45 50 ep
Tl%b (ratile) 25 30: 50 15 .10 10

“INSTre *aatel"lal g lO lQ J_,G, 10 10 - 30

C. AA g_,ffir'.a.ent af Therrral Fxpansion

Tae coaffic*enz of the
‘“fi’*ra*ed titan__m:caraia
44.44 X .1 =S per OF in th
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1kj£ to oota;n the cee‘f*aiant of tharmal &%~
the oxide material by the Hethods Sugsested

ﬁxn‘tme eontract'agsei aéationsﬁ l.e,, u*’laﬁﬁtiﬁﬂ of &

synthetie bé&y of ‘“1law sampuoks;an, or gonplets.
oxida*ian of & *hin wafer of ths infiltrated material,

wers _bandenng The use of 2 synthstié body identical

ywiuh\tna»naturai oxlde product Seemed unfeasible.’ So.

‘—matrix formation,;

vthin)warer o€ inrllt?uo

" of two 8spegclmens of 0.080 and 0,060 in, ‘thickn

WAy WS found £o determine iths cempewition,
1T and sffect on the DA
axiﬁegate of tha 13% of unident ified<mattar‘ 5urther—
moré.,. 1t wouly SLENEYy | be 1mposs $: ;

fﬁf the M&L;‘:f'~ﬂ”ﬁ i 8 i L8y of 66 e.wappa&uacv

5 -In general, and any passibls
in~ba »icula"
Infiuenss on the thszoal proverties sf the aggregate.
A -reliabls znd @x28% duplication of the expansion
characteristics of the natural oxide product in such
a synthet (- badv seems, the*efore, nct Leasioie. e

= &**ampts +o nrapare test specimens fer the~gal :
expans ion ‘measuPenents hy a cempleue oxidgation. of &
tanium carbide materials

gleal properties of ths

has & significant — -

were equally unsuccessful. Fig. 1¢ shows mucroseetione'

3';’ -
which ware oxidizad -t ai"19“ 100 nrs atvlaaa b9 and a

third specimen of 0.09C ia. thickness ghich was oxi dize@x

in &n oxygen stream for 18 his at 2250%F, It is eppa-=
rent from theé .thickness of the regpective sxide degons-

friappreximpteiy ©.016 to 0.026 in.) that; from a pracs

. e
bt

tical point of views ceapletely oaidized speoimens 3an-
not be pProduced from this Yype of in nfil trates titanium
carbide. Since the rate of increaae in thicknesgs of
the oxide layer dsoreasss with time, the maxlimum thicks
ness of he layers cannot ve éxpected to excead wnngav
—imately 1/32 in. after exposure to the most. arnst

atidizing conditions within a reasoneble pericd uf tERg .

The production 6f specimens 6f a thickness allowing for

a complete oxidation throughout the eDpeadmen would be
prohibit*"e from & Tabrlcating stanq¢01nt, ince 1t
wWOUld require a metal speécimen of s thicknesa. sonaid-

" eTabiy less than the rinal oxide body of an approyi-,
wate thickness of 1/16 in. : ’

In raut, scale maaauremente af th» aa@rnweetiana

ot ths ep#e* In Fige 16, sh giduel b
terfal thisknesses of 5075). 0,083 1ne
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ﬂ&ﬂ@'T@gnﬁigal He ﬁéeu:

e ?m GRCT 20 thod adsgn@u *ar uhe nwepa?égion
é‘i*hﬁ 94@?ii1\H ‘s@rmsa rupture fest bairs from the =
Cinftltratan tyne of material consisted esgsntiaily o . ..
- R1) mixﬁag %ha o Eanium ~carblds powdsr with nickel
. powdsy surfied ent to produce Gohersent skeleton bodiesy
- {2] hot-pressing the mixture fnto 2 in, long, 3/2 in,
: ,‘wqaa?e bar stooks (5}Wp1nteripgmgchemzhewmaLv1ng~ eint————
S the BINEeT HoYal to incrsass the strength of the . =
ake;etcn bars further; {(4) machinin thas Bars inte - = -
octagoral eross segtiouy (6) snrils tion in the trans-
- verse directicn; is; finiau grxn“aub witho abrasive anﬂ o
, éiamand tnola, - , e

A

T W&a pv@duati = =
- _cf the G it strsaa ruptare*aars from gypefm—r?~w»~f* 
o -2l meterial - sans:aﬁad 3 513 mixing ths tigaaiam carv L e e
—~-»«bié@ powder with’ the matal. powder iﬁamed snté correme -
ponding %o the compositicy. of Lnoonsl gl {2} cold-nressing
- -into 20 in. long, 5/8 in. sqQuare ingota; {3) fﬁtthﬁgﬂf"~
. %0 10.ir. long seations; {4) presintering; (5}“machin£ng
T %0 7/1S 4n. alameter barey (6) sintering; (7). Sintak -
gr&ndina ~Atn .brasive anq,dia_,““ ts ls.

FA— PO S B e et ¢ i -
i N O PRI

: The 9 in, ong 1nfiltrumau apeaim@ns with se%agonal
e™se geations wawe ground to siress rupture togt spegs
imeonts sz per apeeifzcationa of the con*ract. The final

dﬁm@nsiana werst

gi“—‘?@%v? of gﬁvusz:ue T e EGv ‘ : iﬁ? ;‘

- ‘Lengin of spsoimeng -9 ;@6»$é‘4'

Length of test sesction = 1.0 in.,

Neokad duwn radiug ¢f -
‘test destlion - 4 in.

bmallest dinmatar e

- jg@@ Fgect};@n e e ﬂ.ﬁﬁﬁr-ih . v*ﬁﬁw“'*“”

The iength of the apeeimena w@@ axtended to Qg inn
brazing small atesi cyxlndarn on hoth endss, Thae
sseol sxtanslens were ground true with the titanlum:car» _
bxae ber&. Al &rinding operations were earried out on -

\gFﬁg. 17 shows two rinisn—gr@mnd arraes P&yu

e s "“Wﬁ*f

T 4‘;
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o én app&ragusr'ﬁ' B84 . ose of
sxrasgﬁrugturexg”ac mnna %@_therm&i shack T FL
.Xhe experime 18l 2o +upmincn§ 8ide of the génter seci
af e teat pecimen wasg gubj bbud t* “the impingement BT
sroduged by the combusilien af an «A;geﬁ-naturai

- 883 torch. The temperatuire ¥si measdursd by

A ?t»ﬁh theﬁmweaanle, at the side opposite thé flams fm= -

“pingement. After reathing the tesiing temperature within

. X6} a4 _"p¢w%namsneaimsﬂwuan~anennusumt wrafomw;tempen&_

tu?e within §0=40 &VVUuuwn,bv directing st thé gidee of .-
- the sgecimen\twb streams. of nitrogen-gse; ﬂﬁﬁvnnving &t .
N the hot center of ths bar. “Ths test uar were, subsequanv_'
. %6 thermal shock testing &t the températures and for the
,,number of aycies specified in the. eontract, tasted for mod=
ulas af tran Vorse vupture.at ﬂsom us peLauuxe. 1;_;”:..‘,.

_ S ..agaa.lg aua 20 show titaaium earbiﬁs s*reea ru,a
. -« .bar _igpa apscimens containing Nichrome V ang. _Hagtellsy

?ﬁépwutivvan after tharmal. snodk testing. The early and

complete braskdown of the Hastelloy. wah -conca;ning speci-

. imen-due to Burniag is apparent° chxs bshavier of the mateé-

; _ﬂia* aas Pesponsi la for its 3bandcnmeut for “ur<her tes»s.' 7

- T . = A T e ot L e o T Rt s P e s

DS SR

~,Eodu1ns @f transverse rupture type tag bara
from Inconel-infiltrated titanium carbide were sub- ST
jeeted to successivé thermal shock cyeling at 2500°F, i
~Fig. 21 ghowse the deterioration &f the #peciméns at o
the flame imp’ agsd osntral pertion dus £o melting of
the infiltrunt Dhase at this tempe*ature. The browna .
_ 4sh wrinkled £ilm appearing on thé side of the flame R
. impingomént after one cysle developéd into large T T
blisterg and cracks on beth sides of the specimen ‘

I #al:a»_ma___k.hﬂ U SR P :‘

_-BI‘&OI‘ el.gny b,yt,.!.wb* uuiou uumbvf' wuo' O T vie s,

. eriterion of failure, Subgeausnitly test ‘apecimens ) e
 were thermally shocked for 1/4, 1 z. and 3/4 s the 17
.. numbér of testing oycles which produced failure; o e
. ,;,a,,_gg @, qnd 6, respeetively, and tested for ) AR

we pm =T -
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‘simtlar tests on aintered wars resulted in the for

'i aight ycles.,

R )
3 et ST AL % /38 7 s M S =

= - TR = = —s T e
hnisa? Raport Oa=os =k

‘mcﬁulus of trap rae rupture at‘raam Lempsra Lul

seciningn
Pt

mation of o Peddish film after one cycle at 259
and définite eresion‘elong the edgee of thé spesimen
—=aited eight cvclea.:*uhe failuva point was ?akaﬂ es

e teat ?33“1& z ﬁES;ﬁ“fﬁ?"batn typas~ a«—~c"
'materia‘“ in Fig. 21 a&yagiting the esndition of .

3 apecimens afier different numbers of shuoif cyoled e
T zivss-data fop Fhe modulus of rapture

of bsth types of s“sv‘mons befors anuaafter

f’"ﬁ*Tne TeEL ;Bahlts tré*ﬂ°+ad~¢hab the testingumxfﬂﬁ
‘,uempﬁrature of 2500°F was too uivh fur tnis type T
of mageriai and- Byﬁvimwu stze (178 x 3, /8 x & L),
ﬁign 22 shows the deterioration of the physieal
structure of & test bar shosked for four eycles &t
\ESOGPF. e center of ths specimen, 1.0., the i{p=
:ragularly shapad 84ge shows the formation' of & porous
?éatruc?ure beiow the surfacse Blister reaalting from the

,Hme‘ ;ng of the iﬁfﬁ tran%=

- To 1iminate tha 111 efxeets caused by over ayhasting

- the speoimen beyond the melting: ta*pera%ure of the in-< . -
‘£11trant a8lloy phase, ths thermal ghocking tempsrature

- was: successively loweéred in 100" F steps. As can be ,

sesn from Fig. 23, & shock cyeling temperature of .

240@9? 9?111 vesulted in incipient fusion and gonse<~ - <
gusnt surflce wrinxl;ng and deteruaration after a ) -

ingle cycle. o o : _ o o S &

N Tharmul ahcckinv at the testing temparaturs of
2300°F, nowever, ald net indicate noticéable surface
deterioration wntil 90 syoles of testing for- beth the

infilgrated and mintereﬁ test speclimeng {8ce Flg, 23) .
Dafinite mﬁoalun of the <4gse, indications of failure,
did not secur until 120 tasn1ﬁg-cyules. Table VII - -

ghows - the mudulua of transverse rupiure valués fopr
bot types of 87&6INSHY aftas thépmal - shosk -C A
wh Figs 23 ehows the sur,@ce appearan c® &

P
(=9
R e A R i
ang ouv uu‘\‘vSu ﬂg

P 1&{y;b,v9f’ﬁr\'!u£; iyt k‘lg agh g oo
: G,

] £1 ‘rated speclmano' It
hyclea for 2300°%F, as contrasted wlth apecimena
subjec ted - to Vu@ cvcl* eabn at. a&uO and 259@°F.‘
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S B Ebg. 24 shows granhieally £o
. . . ang sintarea~ pacime -she @f?nﬁt ﬂf the nﬂmb&r of
. suacking cyoles at '

The 1nf5ltrated

38 am P

specimazs %Xb s prvyu?%y \eup

B T s TS A RPY 29 ._@,_ AAAAAA »
ST T T EReRS T wARR R nh’ TTEsY uuﬁ /G’F

_,“g.~_} - glower reauction inratrength_w:tnin the next cwo
S : awv;ws, and 8 slight reeover" arts; a‘hfayﬁlﬁgm

T <
a 5

- - _ The “‘n*e"ed spsci@sns, atarting w th an inl=
2o :  £1ally wush lower wmodulus of trénsverse rupture
_ S ‘aoout %) &8 vem gpred to the infiltrated type, ano¥
- 8 aimkiar, Byt lese proneun\ed bghavior, #A partial
recovery of the strength wag only noted aftér eight
- ghotk cyoless when the moauluu of vuptura va?ue

5, .

:%j§§; 1‘ R -reached 725000 pei. e - -
- ~2 Tosting at 290009 S :7‘ L . .
) _ . ' L Figs 25 shiows that *he infiltrataﬁ 3pacimena -

undereo only a mbderate loss in modulue of ruptureé

. strength (about 10%) up to 30 hest shoeling Gycles,
i,es, zuch less pronovnded than for the Z500°F tests.
No grestls chznge in et?eng'n i3 ceused by sxtending
the thérmal ghock cycles from 30 £6 60. Aftér 60
cysles, loss in strength oceurs shew,; which now mani-
fests itself as a definite commensement of Geberlora- TR
tion after 90 cycles, when a 16as of 26% of the initial ) il

90 4 2 pionc {5 £ spngrmmiens o

-yl ernioa

Z - 4
i transverse ruptura strength can e notede T e
i - B e LR ¢
A SET- I -

g The sintered test apeoxme:s, starting with_ -

i surengnh values ons-half bolow thess of tnme infil-

L - trated ones s expe 1enca an additional red_etzgg iﬁ _

E%_— B _ moduius Ve by I -§iL8n Q é )

-y

\
1

t v"
-31 831743'”“ xrf.ﬂ A

coided for the in
heat snock cycles.
papt _of tholp strength af
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»cyc&es,:thc\énitié Level of modu&us o* S prure c T
—etrength *i;uss As reg 1ned.:-. : o R 5 U

trangrn vsrsLs numue" of fnarmal ehoek_

cyCI ;. ves exhibit two cbvlous btrends. Ome s
that ths - tneng-“ of bah; infiltrated 2nad sold-
Preased and aintered iypes of titenium carbide mate»

S = riale, is affected by the number of thermal shook

3

© cyelss in apnrmxin&tely the same manner, ‘The appé«-
- rent initial redustisn aad,:ahﬂﬂﬂnent récovery of
the “8trength aftar progresfive thepxal shésk cyeling,.
. is more. advanoed in the cage of the sintered t1tanium
.. . . earbiga aomnﬁultlonJ and more relar *G8d or not ag
A N all devaxoped withir the number of eyeles used for o
T ”‘Wﬁ‘“f’“‘éﬂ@“tnstwse desyL ~thecose 0f-.be“*"“*lﬁfated~"“*““t;:;Wj
material, The tred toward resovery. in hoth cases.,. o
. . howavaer. 1s most unexpested. It indicatya,thatﬁna -
=T . direct relation oxists between surface daterioration
- aﬁd nodulus of transverse vupturs sirsngth as long
.as. é~strucbure ia nnc de%trqud by fusion unﬁer’

o . : GTaser rezm.ﬁ’ of srgni f‘ic&nc&v If“ *h&?‘ thé —
e - Tnuenel=5nfiltratwd typs of- titanfum carbids mstas -
- . _ rial yialca,under all conditlone, mcdqulus of rup-
- ture strength wvaliles farp superior to those obtained
- undar 1aéntical sconditions for sinterad titanium '
sarpide apecimans of comparable 3ompoaitien, g8
o prodused by thse partisular method ugsd In this in-
.. wveustigstion. This superiority is most_sienificant .
o iﬁ_:gecimens that were not xmpairaa‘by overhanting.
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The specimens submitted, in compliance wi?n the
g contraat P;LDUIatiﬁﬁay ‘ualuaad'

twelva {12) finlshvgroung :ﬂine 1n9 long, :tﬁésé
ripture mpecimens from titanium car-
_bld@ 1nf11trated with inconei;

5.wuré, wine long. 8iress
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1 Titanium carbida»basb compaskte bod*es wers
by “Infiltidtion with nlb?OL—baee alieys ana a
-eruminues LOMPORHR | wsll &s Uy conventional

a8
mecmliurgical metho e - -

ﬁl

2 Amon& tuc'varioua methods ‘of *nfiltratiou attempted,;
"the transverse’ capi]l &ry inf!ltvatlon,met%od proved the -
mpss'favc $able for the 1ong and slender type of stress.

™ bure'tesc specimﬁn stipulated by the gontract speci—

*?anﬁgfiés%eéy"'

the intarﬂetgll

T in S ° o

#Hons of comcﬁ
_ted bars were

é;gp p,od u6ed by gol dapresslng and
) Hot_pressed.spseimens proved con-
2 uogdapvesseu éng sinterag spsgi=
r l. snecimens oreduc&u bv gapvent‘onai

S im

-cal prapert*eamwnlch wers infaylcr *o thase L

ated specime 2:;;;' S ) : 5

- =t _ |

Y & &% this ;aborato were confinsd - o
-0 medulua,or trauavgrne rupture testing «t ?“om ténper= 223
-ature and IB00°F, deflection In bending urder the test %&
- logd &t 7860“?, oxiaation 4a 8611) air at 1600, 1800 and '.ﬁ%
Q“‘“”OF, and in an oxygen atream &t 9250°§ and thermal <§§
“shoelk c"elir,g &% 2300 and 2500°F, ~ - T
. o

8 ¢noonel-1nfiltrated tltanium carbide boaies wore found : @ﬂ
£6have the highest modulus or transverge mpture values o id
and best oxidation resistance. They 2lso showad good - ;%%
duetiiity, ag. nan;;estea By pronoundeéed bending under ) %3
lozad; at 1800°F. This manerial was therefore selected . .53
for the siress repture and thermal shock test specimens. i%
“7@ The nunber of speeimens suomitted to the Mateorials . 40%
"E’Cbusuuu;y, u::.}vur'bu u;vvvur)u, vxr.n.z_,nc n:u' uevempqenz . i =
Center for gtrése rupture testing were 71n1ted, due to ;g
difficulties in production, to twelve, nipe in., léng, - e
Inconel~xnf11 crated, fi nish~yround, titanium carbide: i

,apecimens arﬁ- hree 8pecimens aimilaw in compos;uaon,
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81 ¥nile 1t was p0=sible t6 produce By the infiitratisn o
hnique threg in. long spe scimeas whieh sncwsd greai uni-
»3:":‘:.*.“},7 in structurs and provertiss, it was not possible o

aeh sva th° sa%é'ﬁég ee of‘unitornitv im nine in, leag barsu

. An X-vay inaas*igation of the oxile seale of czfﬂf@*ﬂ Tn-
éonel-inflltrated titanium carbide specimens was carried autg
and the comgoslitlon of the quuu product determined to be pri-

merily fervic oxlde. nick oxide, 2nd titanlum dioxide.
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8. The eaaffleienu oi th@rmal expansion of the *nconaln _ .
intiltrated tltanium cardide wag gounu to be 4.44 x 10‘5 D
= per BW s tne range 01 VO to 1900 F. : -
11 It was net posslble to ,Lln t ¢oeffic
 expansion of the oxlde aﬂﬂ’@ sjnca S aﬁs found
ibla to prod: _\_“ S5 a

e Al
e

Qof infil*rated To Qold—preased and sintered material in modu-

la, Comnarison showed & claaroc 1t suparicrity of about 2 9 1 g
B
1
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- lus of transverse rupturs and thormal sheck testing properties;
7" this is probably due,; ab isast 1n pary, to the higher density
T3f th ”iltr&'ea tyoe of m&ter’al bat ray aleo bs P‘il"éé*v
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af thv i&inltran*. o1 lnfilhvated svechens, snegsan apgr@xi-

T

mateLy 25n decrease in theé transversse rupture scrength of
_ tne mater1a¢ aftar—ﬁra;ongea shock cvc&ingo _ q
’ 14. *herma1 °Acck1ng of matePLal mads by cold-nreasinv and 8in—.“" ‘%
tarrng caiged a 35% Initial drop in ‘transverse rupture strength G
fé6llswed vy a partia; recuparation after CGmtinued.ahocking,at B g

- 23C09F, At tesperatures abeve 22099F duly minor recuperation o
- of stranutn aiter“centipued ahockxng was 0bserved¢
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1_§5 7ae qncouraglng test ragulcs in modulus of transvérsse rup~
ture. thermal shock, and oxiijation tesiing of Inconsl-infil-
trated ?itanium carblle and similar materials suggest that these
¥ ~ materials way be well sulted for use ag struetural materials in-
- 4 high temperature engine compenenis. It is necessary, howaver,
E N to caryy out further development work with the object of pio-
EE T dueing such composits boliles free of microporcsity, surfacd aro-
7
&

sion ¢ffects; etc. The accomplishment of a completuly unlfornm
micvostructure would undoubtadly resnult in fariher imnrovemant
o physleal and chémical proportaes of such 1nf11treﬁed —

t*tanium carbide material. o T o
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