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1

METHOD OF MAKING MULTILAYERED
TITANIUM CERAMIC COMPMOSITES

BACKGEOUND OF THE INVENTHON

1. Ficld of the Isvemion

The present |pvention relales to manufachre of litaniun
cemamic composites thal are kol werked to plate or shest
form and cetain o multilaysred composite microstnaciiue
copaprising oae cr more ttanium-based layers and one of
more ceramie parenlate peinforeed tiamium hased Iayars.

2. Background of the Isveation

The preperation of mubiayersd or taminated iandan
caramic compositss a5 potential soucural materials having
high strength aad stiffness 25 well 25 wear resistance with.
however, limited ductibicy is described in EL5. Pan Mo
5256368, Pursitand o the method described in the patest,
aleernatimg Layers of Litanivm alloy powders and litaniem
alkoy povders maixed with ceramic reinforesrient povider,
such a5 boron carbide powder. are amangsd in 2 graphits dic
and then hot pressed in dthe die wsder clevated lmpearatre
and pressure. oopdiions o form a fully deosified, hot pressad
body having » milckostrstirs congyisiog Alanaling layers
of Ti-bazed alloy and cerarnic pacticutay: reinfopeed Ti alloy
layers in alicrmating scquenet. AMhough the ooc sicp
pressure-reaction symhesis process deseribed in this patent
peoduces a tilanin Ceramic composite body. the size of the
onmpasiic body capable of being produced has beoen limdied
£y the size of the graphite dic In whick the aforementioned
aliernating Isyers are hot pressed. The method is onable te
produce thin, multilsyered of laminsted composile bodies in
the form of platc or sheet having ooc of more Laveral
dimenzions substanlially greater tham the lateral dimencion
of the dic. Such plaic or shest titanium ceramic composites
would be deseable as a light weight sructaral material for
use in tee aerospace, suiomedive, and ordinanoe {armorc)
nchistries lo save weighl and eocogy.

The fabrication of tianium carbidcAtianium alloy com-
posites also i described in ULS. Pat Mo, 4.731.115 which
ivolves g complex. o lu-sten method whersin alesrisling
Layers of titanium allay powders and tkanium alloy powdsrs
mized with TC seioforcement powder a5 2 ricroconporails
powder inftfaily are cold pressed (n & graphite dle at clevated
pressure %0 form a cold pressed compact of body having &
microsinsctare comprising alternating layers of dianinm
alley and TH, particulate rejnforced tkanium alloy layers in
altzmating sequence. The cold pressed compact then B
siered Al high teneperstura, and the sintersd psompad [
chcased n 2 mytable gay ipppermucable Layar o sivelope apd
hat postsically presied at chvaied beitperature and gas
pressure (o obdain & fally dense. coosodiated routtlayered
method {5 enmplex. invelving multiple. costly processing
sieps. such as cold isostatic pressing, simlening. and bot
isosiatic pressing. Muoyeover, this {abpication method is
unabie to produce thin, multilayered or laminabed composite
bodies o the fom of plate of sheel having one or ooee
lateral dimwensions substanaially grester than the laterad
dimension of the die.

There is peed 10 proyde ;. method of makiag puliilayered
of laminated tilanium ceramic composiles B 2 manner to
form tilanium ceramic composite plale of sheet tha can be
wsead 2z & sryegal plage or sheet material in the scyospace,
autonrolive . ovdinance and othar fields wiare a Lipht weight,
high sirength composite matcrial is desirad.

Funther, there j2 a peed for a pethod of making multlay-
#red or laminated Hiaaium céramic conyposites io the form
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of plate or sheet that exhybits 8 laotated ppicrosinecioye
compeising one of more Layers of Ti based matesial and one
of more Layers of ceramic particwate einforced Ti bascd
layars in alternating or gradsd manser in the thickness
directina of the composite plate or sheet.

SIMMARY OF THE INVENTION

An chijecl of the present invention s lo provide a method
for meking @ mubilayersd Iflaniom ceramic composile
whegeln a b pressed (kanjum ceramnic ody s thermome-
chagically processed by bot working of composite plate or
sheet beretofcre wpavailable from the prior art,

Another object of the present invention is o provide a
muethod of puaking titapjuny ceramic cHmposite plate of shest
by thermorpechanical processing {n 4 maamer that the plate
or sheel microsmacture exhibits & laminated structure oom-
prising oae or more titamium based layers and onc or mosc
ceramic particulate reinforesd titaniun based layers in alter-
nating of graded manser in the thickmess dirsctich of the
comporile plate of sheat,

These and ohey objects of the pessent dnventlon are
schieved l:yfamnng a hol pressad eomposite body having o
laminaied microsmuciun: cOomyrising A least oope kol
hased layer and ar Jease one ceramic particulate reinforecd
titanium baced layer and teen hot working the hot pressed
body in sequential stagss by hot forging followed by bot
rolling ne an xiast to form o titanivng oemposite plate o
cheet having 3 swbctantially reducsd thickmess dimension
amd =zt Jeast onc substantially reduced Iataral dimension as
compared to the kot pressed body. The hot worked dtamiom
composite pise of thed is formed under hot forging and hot
rolling cogditicns that remin a lamigated microsmUCHMe
conprisiog &t beast one (itanium based tayer and o least one
ceramic pantioalate rainfarced fitaninm based Layer through
the thickness of the composie: plc o shest. A plarality of
distinet tkanivm based Layors and osiaresc pasticulate rein-
fosced layers cam be provided in the tiickness direstion of
the composiie plale or shest Allernate]y, a oomposionally
graded rgon can be pravided ih the composite plaler or
gheat hetween the titandom baszed Layer (devoid of ceraméc
pacticwlate ceinforcemoent) and the corapgie paticulale refn-
forced ttanivon bated layer. In the graded region, the amoiunt
of sxxamic paticulates can progressively increase from the
1l bazed layer devold of cedamic reinforccment par-
ticulates o the ceramic pamtioulates reinforsed |aysr.

The objects and advantapes of the presept invention will
becoms mert peadily appareil foom the following detadled
description of the inventicn taken with the following dtae-
imgs,

DESCRIFTESN OF THE DRAWITNGS

FIG. 1 it 2 scanning electron micrograph 3t 200 of boton
cabide weinforcement paricks n as usalloyed fisanium
metal wtris after hot pressing al 1208 degrees . al 3000
psi fer a satal of 20 mioutes in ao argos atsosphers.

FIG. 2 is phestograph of 4 hot pressed Lamdnaed ticanium
caposiie body wherdln the dak bands compaise Ti layers
and the Light bands comprise boren carblde particle rein-
fesced Ti menal kayers,

FIG. 3 i & photomicrograph ab 4 of a transverse cross-
secton of micostpucture of a hot forged and hot rollsd
laminaled titanium coamdc compasHe shesl ade pursaant
to an erghodirecnt of the inventicn whetein the dark bands
cormpeise unalloyed titanium metal Layers and ihe Light bands
compiise boron cathide partfcle reipforced titanium netal
tayers.
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DETAILED DESCRIFTEORN OF THE
INVENTION

In practicing am crobodiment of the preseat investion. a
hot pressed muitilayered or laminated composite body or
compaci having a microsinuciure comprising al beast one
ttanivm based layer and at kst ope ccmmic particulale
reinforeed titanium bated copmposite layer in the thickness
direction is formed by known bt pressing bechnigques thal
schieve swong interfacial boodiog betwcca the ceramic
peinforcement particulates and Htamiigy bazed mamix of the
compasite layer. A preferred hol pressing techaigue to this
end comprises the pressuce-reaction sypbesis (FRS) tech-
migque described in U5, Pat, Mo, 256368 issued Oct. 26,
1993, the teachings of which are incoporated berein by
reierence,

The pressurc-reaction syothesis (PRS) miztoes of pow-
ders (a5 discnsged in the "I08 paisar) is & combination of
materials sclected 1o wact exothermically or with & signi.
<ant evolution of heat cnergy. The reaction of reactions may
ocewr al positions of pacticle contact as ja the case whers ooe
o more of the Feactanls are coarse partickes, to produce high
local 1emperatwres thal accelerals o solid-stare diffusion
ad/or result in melting of one or more of the phages.

The Tehction or reactions < also socur over a sdvabc-
ing reaction froal. #5 in the @ whene teactems e fioc
powdors, ad result in extoosive melting. The lathar casc 59
cxnmaply called self-systaining high-t2mperatare comiws-
ton symhesis (SHS). It will be recogmized by deosc akillcd
1A the art that particks size agd the gradaion of paticle sizes
are critical vo: the packing denzity; the green streagth of dhe
uncexcted mixmre of powdera; the extent of the PRS reac-
ticn or reacticns; and the reaction rate. Consolidation of the
FES maieria) (o near theorstical depsity oocurs ip a very
shont time (] to L0} miputes). ar low global tamperamrs
ranges (9007 wo 1300 C.). and peder comditions of light
cxremal pressure in the range 6.9 1o 34.5 MPA (1000 o $000
psi). Lo the case of laminaed compasites of coatcd
aubstrat=s, the PRS material is afectively bomdad 1o the
subsraizs.

Becnse of the lower temperabas of the proeess aod shet
residamce e 8 Hhis Empersture, there i+ a0 5
degradation of the physico-chemical properties of e meal,
alloy. cermet, of cermmic substrate. The requisiie external
[ressure and tesmperaiure can v antapeously be obtsdned by
hot pressing, hot isosatic pressing, bot rolling, or other
means knows o0 anyoms skilled an the art

An appropriste PRS reaction for Ti and its alloys is given
by equation I as foblows:

ETe B Tkl T,

The formulae for the products of the PES resction approxi-
maate de actual compositions observed. It is undersiood da
the mvention is broad in scope and i= appropriate io the
formalion of macs, coaed subsiraes, aad lamipated com-
posites for the other resctive metals (Zr. Hg amd their atloys)
and the cefractory metals (Cr. Mo, WOV Mb. Ta amd their
alloys). Effective fucl matcria includs but are not limised o
C. B. N, B,C, BN, 5i, and 5 N,

In practicing the present invenlion. the PRS technique can
b conductsd by hot pressing sllemating layers of Granium
based poarder and cofnpoiine powder codiprising 4 mi%hure
of Htaniurn based powder and Ceramic seinforceme pow-
det [k a graphite or other sultable hot pressing die. In ligwn of
providieg a pluralicy of distimel tipniumy based powder
Layers and composile powder layers in aliernaing sequencs:
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in the ol pressing die., the invention envisions providing a
graded poader region betwetn & fitanium bagsd powder
layer and composite powider layer where in the graded
reglon, the anmount of ceramic particulales changes Brom the
titanium hosed poardes layer devold of coramic particyise
reinforcemeoty o the composic leyer rcinforced with
Cceriutine particuldles te a given extent.

The powder layers are pressad under condibions of
elevated temperature. elevated pressure, and Wme at tem-
pehntrs and pressire to provide controlied seattion syohe-
zis betwern the ceramic ceinforcement powder particles and
the titansum based powdar to form an antaface layear pl-
cally comprising layers of titanium mosoboride. titanium
diboide. and titamium carbade. Such comrolbed reaction
sypthes{s provides a streng inefacial bomd betweem the
ceramic reinforcemest poweder partisles awd the ttanium
based marix & inrease mechanical properiies of the male-
rial.

The titanive baced povader [ayers itroduced imo the hol
pr:snn;gdummmscmnmmmalpﬂwﬂm{:.g.

puEc tilanium metal powder), peeatloyed tita-
oiu aloy powder. such as preferably Ti-6AL4V. md
miktures of upafloyed tnivm metal powder and poarders
of e of suore oher metals that will pesult in formation of
a titawiven alloy during the hot pressing Process. Similarly,
the coraméc roinfovcement powder Eay Compisc prefomed
COIAmc such a5 including. bur not limived to. B,C.
BN, SiC and S1,IN,. and miriures of elerocolal powders (eg.
B and C) in propar pooportions & fovm caamic reinforce-
ment paticles dwing hot pressing.

For parposes of illustrationh and pot limitation. 2 particalar
embodiment of the invemton mvolves introducing into e
hot pressing die a plurality of titaviom metal powder layers
apdl & pluradicy of compesite powder layers in afterpsing
sequence with the composdte powder Yayers cach congriting
A taixbure of tesninm coetal poder aipd borow cadide (B, Ch
powdcr. The titanum motal powder can be in the size angs
of about 1 to abewt 44 microns in dizmeta. The boroa
carbide powder can be in the sze range of about 1 to 500
micTons In diamcter. The tilaoem mctal powder and the
boron carbide powder are mined together to form the
aforcietotionsd Composite powder havisg Boron carbide in
an wmoumt from about 5 oto abon 13 weight % of the
composiite powndsr.

The alicroating powddr layers o ol pressed in the
graphitz die unda temperaturs. pressure and tims a wem-
peramare ard peessyre conditions to b o copsolidated
body of conepact having & muli-layered of lamdnated shue-
nurs comgwising the altematipg tioniun based lagers {e.g.
tilanium roetal of altoy) aod coramic pameculate reinfoeosd
titanium based layers (=g ceramic reinforced
titanium mesal or alloy). In the practice of the invention.
pressing (emperatures in the range of aboet S0 degrees .
to aboat 13K degrees C. can be used in combination with
preszing presskres [w the range of about [0 pzi to about
GO0 psi il pressing fimes 0 the range of 1 o 60 niouies.
These hot pressing paramsiers cypically are elfective within
the cottext of the invemion desoribed bereabove o achicve
pressurc-reaction synthesis between the ceramic reinforce-
ment powder particles and the suorounding titanjurs based
matrix o provide steong intefacial bonding therdpebaesn
ard a hot pressed microstuchare comprising at least ond
titanitin based laver and &l Jeast spe cerarmic particidlats
reinforced Hianium hased composite Lyer.

The bed prsssed body of Compact then is teernrgechan!-
calry worked by hot forging followed by hot rolling in 3
Tt ey b Fortn A plate ox sheet product chat i3 relatvely thin
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as compared 10 the thickness of the hot peessed body or
comypact and shat has a leasi one lsteral dirpension (€.g.
plate o¢ sheet length andfor widih) sobstantially colarped at
compared to a lateral dimenséon of the kot pressing dic (c.g.
tht diameter of the ho pressing die cavity ) A composite
plate product in the context of the iavemion has a thickness
of 01875 inch and greater wp to 3 anches, while a conoposite
sheet prosduct has thickness Iess than 0.1875 inch. The
codillons of bot Eerging and bal polling are controdled to hat
wk the hol prosied multi-lavercd. laminated body o
compact do platc or sheet dimensions while retalning dhe
multi-layered. laminated micrastructurs compeizing a1 least
ope titanium bazed layer and a1 least one Coramic paitionse
relaforced thamium based composits layer mn the plae or
theet thickness dinecting.

The hot pressed body o compact praferably is wpser
forged in staged reducions at a snitshle ejevated forging
emperatiee with an sstealing heat meaiment provided
berween reducions and then ot volled at clevated rolling
lemperatuee in mullipls passes of staged medoctions with ag
amcealing restppent providsd between rolling passes. The
forging 2nd rolling icmporaiures. reductions. and amncaling
lemperatire apd tinves will depend upon she composition of
the titanium hased layers employed amd can be selected
acconlingly.

For pwpoics of illustation and pol limiaation, a hot
pressed madd-layered. lamdnated body or compact compa-
rising Geandiam metal layers and seramic peinforced tianiam
metal Jayers in allsnating sequence can be upsct forged at
forging tempesrotures it the range of sbout 1600 degrees F
& pbout 1M dogrees F and rolied at rolling tempecrabmss
in the range of sbout 1400 degrees F. to abowl 1450 degrees
F. when rolling plat= and in the range of sbow 130 degrees
F. 10 about 140 degress Fo when tolliog shest. Thne at
elevated Fonging ahd rolling temperative should be mini
mized o peduce oxedation and prain growth of the tmoium
matriz layer material. These hid forglog and et rolling
paiameters e cffedave o the comiext of the imvention to
produce titaniom composie phate and shest whil= retaining
the multi-layered. LminMed micresruaise conyMising a
pluraliny of dtanium metsl layers amd a plurality of coramic
particulale Teinforced Hanium composite layers im alvamat-
img sequence in the thickasss direction of tht composite
piate or shest thickpess.

The bt preszed body or compact can be cosed or covered
price to hot Forgiag and hot rolling with & burmier Laye, sach
is 4 mFrconium oxide forge coat (avaslable as METAL-
GUARD forge cvaty, thed will help reduce cxidation of
ttanlam diing @ aforcsiioned hot working séeps. Any
oXide scale layers and contaménaled srface layers oa the
forged and rolled plake o sheet product should be pemoved
mechanically o chemically by piekling. for exaple. prios
& funther processing.

Following kot Forging and hed rolling, the mwlt-layered,
laminated Litaniam conposite plats o7 sheet product o be
subjected 10 2 final arpealing heat geanuent. In the event
that the titagjum based layers comprise & heat eatable
tsninen alboy. such & Ti-6A1-4V. the annealing 1o
and time ape selectod w esioe the sacogth lewel of the
tiapinn alloy oo & mill-aoocaled devel For of
ilustration and wod limitatict. the anncaling heat treatmenl
b be conducted 2 100 degrecs F for 1 hour and up to 2
hours at 1300 degrets F. followed by air cooling. when
Ti-GAl-4Y alloy layers are present. On the other hand
voalloyed tltanlum meal lavers in the hol forgedhot rofled
compocite plabe or sheet are ned hest trearshle o improve
srength.

£5

6
Th: following Example for making tilasium rompesite
sheel s offered to luswale the lavenlion in greaet detail
abed it 0o Lt the inveptio.

EXAMPLE

Commercially pure, unalloyed ftaniom mels] was
employed for the titanium bazed Layers and as the marie for
The compesies fayers inclodimg 5 welgn % boron cacbide (B
Oy ceramic peinforcetent poswder thersin. The unalboyed
titaniim peowvder was less than 320 mesh size (e 2320
mesh). while the boron carbide powder was 1ess than 120
mesh size (i.c. 320 mesh) . The composike powder was
made by blendiag 5 weight % of the boron carbide poader
anid the alamos raainn metal powder in A kol mixer for
2 howrs to produce o waiform mixiure of ibe powders.

A graphitc hot pressing dic having die cavity with 2
diameter of 2.5 inch diameter and length of 3 inches was
then Glled with altsmating layers of the unalleyed ttanizm
ponider aod the cotipasits poander sarting and =pding with
titaninm powder layers such that twe (2 composits [ayers
wert sandwiched berween ttanivim powder layas o0 cach
spde, providing A total of thiee () Hizmiun powder layers
and rwo §2) composite powder layers in Gy dic cavity. Each
powder layer was approximately 125 inches in thickness in
the He cavity.

The powder fifled graphite die then was placed in 2
comventional vacuum induction hot press and heated to 1200
degress C.owithin 20 eyimtes under a die pressupe of 30
sl i Ak iterl atmcepheae of aogon. The temperane sad
pressut wiore maintained for a fedding poriod of 10 mipnes.
These hot pressing paramerers were found to produce
Eessaume-reaction synthesis betwezn the boron carbids pow-
der partickes and uralloyed titanium matrix material (o form
an iverface layer thersbetween comprising layers of tita-
pinm mosohcrids, Hianinm divoride, and ticanfum carbide
for srong Imcrfacial bomding.

FIG. 1 is a scanning eleciron micropraph at 200= of the
bemén carbide reinforcement particles in the unalkoyed tita-
niurm mawrix &fter bt pressing ander these comditions. FHG.
2 is photograph of the hot presscd laminwicd titanium
composite bidy produced wherein the three (3) dark bands
comprise unalloyed titanium layas and the o (2} Light
bands bovos carbide particulate resnfoeced wnal-
loyed titanium layers. The hot pressed body compeised five
(5) layers each approximately 0.2% inch in thlckmess. The hot
preseed hody had a solal thickmess of about 125 inch and 2
diarneter of about 15 Inches.

The hot pressed body then was ooated with the aforemen-
tondd srconium aide e coat 10 A tucknsss of wpprowi-
mately 0.05 inch soizable to prevent oxidation of the wia-
nium Lyyer material durisg subsequent thenmorechanical
processing o sheer form,

The cogted bot pressed body was thermomechanically
processed by repeatedly heating the body to abox 1650
degress Fo for 30 mioutes followed by upsst foiging to
achieve & .15 inch reduction in the thickness direction per
foqgimp sirike of blow. That is, after each mduction In
thickmess, 1he body was reheated prior (o the pexi reduoction
af .25 inch. The hot pressed body was upse forged in this
manper o a final forped thickness of 0,50 ioch 23 compared
v the =larting thickpess of 1.25 inches fo the hot pressed
bady. The Torged bady had an approximate diatneter of 4.3
indhes.

The forged body then was repeatedly heated to 1450
degrees Fofor 10 minules and rolled ot a 20 percent raduciion
in the thickesss direction per rolling pass. That fs. afier each
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rilling pass, the body was reheated pelor (o tee next rolling
pass, The forged body was bl rodled da this nuasner o a final
theet thickness of 0,13 inch with a oross—sactional aves of
37.75 inches thal was suiable for preparanion of flal (amsle
Tpecimens.

After the Baal hof rolbiog pass, the composite shear
product was soosaked st 1000 degrees Ffor 1 hoawr. FIG 3
is 3 photomicrograph al 4% of the microsiructune through the
thickncss of the Laminamsd titanium ¢eminle compesite sheet
obtained after hot Forging. hot rolling. snd anpealiag in the
manuer described wherein the dark bapds comgriss ypal-
leyed dianium layers and the Lght bands compeise boros
b particinlate pelnforced unalloyed titaninm Layers It i
apparcot that a lamdwated méicrostryene comprlsing witer-
nating layers of usalloyed titanium apd boros csrbide rein-
foreed titanivem in the sheet thicimess dimection has beem
retaired in the hot forged- hot rolled-anecaled coinposics
shesl

The foregoing dezaription of specific embodimems of te
lnvention will s> fully reveal the geosral nature of the
invention tha ofers can, by applyisg cmrent knowlsdge,
readily modify andfor dapy for variouns application such
specifie embodiments withoul departiag from the general

10
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comcept. and therefore, such adapations amd modifcations -

should snd are Intended to be comprebended withio the
meaning amd range of equivalents of the dischosed ctnbodi-
meais. L iz 1o b poderstond thar the phraseology oF tepmd-
ndogy employed hazin s for pupose of deseription ad
et of limicadom,

What is claimed is:

1. A mehod making 3 mullilayered. laminated medal
cerarme composie plate or sheet, comprising:

) forming a bl pressed comgposite body having 8 mioro-
STostucie coprprisig s least one metal-based layer
and al jeast ome ceramic naiculals rednforced metal-
based layer, wherzin hot pressing comprises cxother-
mically reacting o metal powder of metal powder
allerors wiith ceramile pagricnlale of dhe coramic partict-
late reinforced moinl-hased layer, whene the ocramic
particulate ie selected from the group conzisting of C.
B. N, BN, B, C. SiC. amd S5i,N, s wnpetamres trom
about 3007 to abou 1300F C.. for about 5§ to about 33
miranes in a forming die under pressures of rofn abos
1000 o 5000 psi:

by b workibg e hot pressed body in 4 Dueper 10
substantially reduce 4 thickness dimension of said ot
pressed body and to substantislly imcresse o lateral
dimension of said hol pressed tody to form a composite
plate of sheet having a microstructore inclwding at 1east
one metal-bascd layer and o least poc oeTAMc rein-
Fopred mecal-hasad layer in the thickness dirsction of
said composite plale or shest.

where the matal is selected from the g consistng of
titapium. zircemium. hafoigm. chromivm,
molybdenurn. Wmgitin. vapadiont. niobivem. aed tanta-
lum.

2. The mctbid of clalm 1 whersin the matal-based layer
is 2 titaniuc-based Layer aod the cormie plutictlsbe sean-
forced metal-based Layer is titanium-bascd.

3 The methed of claim 2 wherzin the wtanivrn based inyo
comprises unalleyed titaninm metal or fikaniurn alboy.,

n

w0

HH)

799,238

8

&, The method of claim 2 wherein the ceramic particulse
reinfarced tithnium bascd layer comprises unalloyed tita-
it enetal or thapium alloy reinforced with cersmic par-
meulates selected From the growp consisling of B,C. BN,
SiC. amd Si,N,.

5. The methed of claim 4 wherein the ceramic reinforce-
ménl parliculstes are preseat in sm amount of about 5 10
abot 15 9% by waight of suid ceramde paticulste reinforced
tkanium tascd Layer.

4. The mthod of claim 1 wicrein said bl pressed bedy
is hot worked im step b} by Forging and then hot rolling to
form sl composite plate o sheot

7- The method of claim 6 wheorcin said hot presscd body
is reduced by repeated foarging reductions each followed by
heating prior 1o the next forging reduction.

&. The method of claim 6 whersin said forged body 35 bl
tollzd by copeated rollimg passes followed by heating prior
to the ment rolling pass.

9. Thw mthod of claim 1 further icluding anmealing the
hat worked cotmposite piste or sheel.

4, Amethod making a maltilayered. Jaminated dtanium
ceramic composite plate or sheet. comprising:

apdisposing ip a dfe atleast one layer copggnising titanium
baed particulates and an Jeast ane laver comprising o
tixtuwe of ceramic pariculate: and ttamiom based
pticulates,

b) hot pressing said Layess is said e 10 form a pressed
composie body having 3 mictosimichere oompeising at
least one texplem based layer amd 2 baast one ceramic
particulare nsinfonsed Hanium based layer,

¢} foiging e hok poesed composite body al elevated
iemperatire: 10 reduce a thickness dimen<ion asd
iracasxe 4 latoal dimcnsion thaof. and

d) rolling the forged body at clovaicd tempoahec to
further redoce o thickpess dimension snd farther
increase a iaral dimension thereod o ok 8 comnpos-
i plate or shect baving al least ot dtaniwn baced
Layir and s beast ofe coranede canforced miaminn based
layer in the thicktess dincction of sid composite plak
oc sheoet.

11. The meshod of claim 19 wherein a plurality of Jayers

comprising sasd titamium based particulaes and a plurality

+F of layers comprising safd mivhwe ars arremged @5 distinct

Layers in altermating sequence in said die.

1L The method of claim M wherein a graded region is
provided betwesn eald one layer comprising sabd titanium
based pationlatcs and swid oes lAyer comprising sald
puixtuge, said graded region having ceramic reinforosmest
paticulares in an amount that shange: between said one
Laysrs.

13. The method of claim 1% whercin the ceramic pastico-
lates ar sehecisd from the group comsisting of B,C. BN,
SiC. and SiyM,.

14, The method of claim 18 whertin the titaniutn based
paticulates comprise tilamium metal powder, titaniom alkoy
powida, of tHamivm ssial powdsr in combination with at
leash oive ofber metallic powdar i ad gmoun to form A

S0 tilanium oy when hot pressed,



