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STRUCTURAL CHANGES DURING FORMATION OF LAMINATED
TITANIUM-INTERMETALLIC COMPOSITE

Well-bonded and almost fully dense laminated compdss have been fabricated successfully by reactiv&@ntering in
vacuum using Ti and Cu foils. Since the copper lays were completely consumed by forming phases, tlimal microstructure
consisted of alternating layers of intermetallic plases and unreacted titanium. Effects of treating me at 900C and the mi-
crostructural changes were studied by interruptingin steps the reaction progressing after 0.5, 1, 3, 4 and 5 hours. With the
liquid phase appearance a fast growing of the laysrcontaining intermetallic phases was observed. Bagse the structure
resulting from solidification of locally melted reaction zone contained phases rich in copper (espelljaTiCu ), melting con-
sumed more copper than titanium. For this reason,hte boundary between the intermetallic layers and qgper migrated to-
ward the copper side. Microstructural investigatiors by scanning electron microscopy (SEM) and energlispersive spectro-
scopy (EDX) showed that after 0.5 hour of heat tre¢enent at 90C°C intermetallic compounds: TiCu, TiCu, Ti3zCus, Ti>Cus,
TiCu4 and solid solutionaTi were formed. After the completely consumption ofCu, the intermetallics layer consisted of thin
layers of TiCu (adjacent to eutectioid layer and titanium), thtk layers of TiCu and the reaction zone consistingf TiCu4
particles in TizCus+TiCuz matrix. The particles were probably produced by stesses resulting from the growth of the inter-
metallic layer. Since titanium could diffuse throudh the Ti,Cu and TiCu layers to the reaction zone, it leadetb the growth of
TiCu at the expense of TiCy, TizCus and Ti,Cus. As a result, the TiCu compound became dominant @ise if the treating
time was longer than 1 hour. After 5 hours of treaihg the intermetallic layer was transformed almostwholly into TiCu, but
with a thick Ti,Cu interphase layer. The formation of the TiCu phas is thermodynamically favoured over the formationof
the other phases and can be understood from the gt occurred through a series of solid-liquid and dal state reactions in-
volving TiCuy4 as one of the starting phases.
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ZMIANY STRUKTURY PODCZAS FORMOWANIA KOMPOZYTU
WARSTWOWEGO TYTAN-FAZY MIEDZYMETALICZNE

Uzywajac folii tytanowej i miedzianej, wytworzono kompozyttytan-fazy migdzymetaliczne, charakteryzupcy sie dobrym
potaczeniem warstw i bardzo nieznaczg porowatoscia. W wyniku reakcji syntezy warstwy miedzi kompletnie przereagowaty
z czscig tytanu i utworzytly fazy miedzymetaliczne. Badano wptyw czasu wygrzewania kompgtu w temperaturze 900C na
jego strukture. Reakcje syntezy faz przerywano po 0,5, 1, 2, 3% godzinach. Wraz z pojawieniem gifazy cieklej zaobser-
wowano szybki wzrost grubdci warstw faz migdzymetalicznych. Poniewa powstate fazy byly bogate w miet (zwtaszcza
faza TiCus), reakcja pochtaniata wicej miedzi niz tytanu. Z tej przyczyny granice pomidzy warstwami faz miedzymeta-
licznych i miedziag migrowaty w giab warstw miedzi. Badania z ayciem mikroskopu skaningowego i mikroanalizatora ret-
genowskiego wykazatyze w kompozycie wygrzewanym przez 30 minut i nagbnie chtodzonym razem z piecem (mdkosé
chiodzenia 0,18C/s) wysgpowaty fazy: TioCu, TiCu, TizCus, TioCus, TiCus Oraz roztwor staly miedzi w tytanie ). Po cal-
kowitym przereagowaniu miedzi warstwy faz mgdzymetalicznych sktadaty s¢ z cienkich warstw fazy TbCu (przylegtych do
warstw eutektoidu (TizCu+a) i nieprzereagowanego tytanu), grubych warstw fazyliCu i obszaréw zawierapcych czstki
fazy TiCus w osnowie z mieszaniny faz FCus+Ti,Cus. Czastki fazy TiCus powstaly prawdopodobnie na skutek napgzei
wystepujacych podczas wzrostu warstwy faz ngdzymetalicznych. Poniewa tytan mogt dyfundowaé przez warstwy faz
TioCu oraz TiCu, powodowato to wzrost ildci fazy TiCu kosztem faz TiCuw, TizCus oraz Ti,Cus. W rezultacie tego TiCu sta-
ta sie dominujaca faza, gdy czas wygrzewania kompozytu w temperaturze 960G byt dtuzszy niz 1 godzina. Po piciu godzi-
nach wygrzewania warstwy faz mgdzymetalicznych skiadaty s¢ prawie wytacznie z fazy TiCu i cienkich warstw fazy TiCu
(przylegtych do warstw eutektoidu). Formowanie fazyTiCu jako dominuj acego produktu podczas reakcji pomgdzy tytanem
i miedzia jest uzasadnione termodynamicznie i przebiega naradze kolejnych etapéw przemian z udziatem fazy ciej
i w stanie statym, a jedl z pierwszych powstagcych faz jest TiCu.

Stowa kluczowe: kompozyt warstwowy, tytan, mied:, zwiazki miedzymetaliczne
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INTRODUCTION

Metal-intermetallic composites offer an attractivescope NEOPHOT 2. For the study of the structuregusi
combination of physical and mechanical propertiean optical microscope, the samples were etched with
distinct from the separate constituent phases,hégl). solution of 5 pct HF in water to reveal the titamiu
toughness of the metal coupled with low densitghhi grain boundaries and the structure of intermetédlje
modulus and high strength of the intermetallic. hels ers. The chemical composition of the phases was de-
for the production of laminated composites, comgjst termined by comparing an electron microprobe meas-
of at least one brittle phase, include diffusiomding urements using ISIS 300 Oxford Instruments with the
[1], magnetron sputtering [2], vacuum plasma spryi Ti-Cu binary phase diagram [10].

[3], vapour deposition [4] and synthesis reactibes

tween dissimilar elemental metal foils [5-9]. Réarct

synthesis of multilayers using foils has some athges RESULTS

over some other methods. The obvious economic bene- afier processing, the composite microstructure con-
fit in using this technique lies in the ease ofg@SBINg.  gisted of alternating, well-bonded Ti and interrfiieta
Furth_ermorg, the process uses readily a_lvallal?h_agﬂe layers. No unreacted Cu was detected in any of the
tal foils, which can easily be shaped prior toitfiéa-  rocessed composites. Figure 1 shows layers formed

tion of the synthesis reaction, resulting in theéeptial e titanium/copper multilayer samples, which were
to produce near-net-shaped composites. The ohﬁectp{eld for 0.5. 1 and 2 hours at 9@
of the present study is to synthesise Ti-interrlietal ’

phases laminated composite through reactive gigteri
in vacuum using Ti and Cu foils. The microstructure
will be characterised by optical and scanning ebect
microscopy (SEM) and energy dispersive X-ray spec-
troscopy (EDX). Progress of the synthesis procdads w
prolonged time of reaction (G:5 h) between elemental
components will be investigated.

EXPERIMENTAL PROCEDURE

Commercially pure Ti (15 m thick, 99.1 wt. %)
and Cu (50um thick, 99.99 wt. %) foils were used to
fabricate laminated titanium-intermetallic compesit
Foils with dimensions of about 30 mm x 10 mm were
cut from the titanium and copper sheets and palisite
800 grade abrasive paper. After rinsing in waiasimng
in ethanol, and then drying rapidly, foils were Iaaied
alternately into titanium/copper multilayer samples
(8 Ti and 7 Cu layers) and then placed in a vacuum
furnace. A pressure of 5 MPa was applied at room te
perature to ensure good contact between foils.tditme
perature was initially raised to 83D and then the pres-
sure was released to avoid an expulsion of liquid
phases. Next, the temperature was raised t¢@Q00
which was necessary for the start and rapid develop
ment of structural process at the interface ohiitan
and copper [5, 6]. The samples were held at a teanpe
ture of 900C for 0.5, 1, 2, 3, 4 and 5 hours and then
were finally furnace-cooled to room temperatureo{€o
ing rate of 0.18C/s). Progress of the synthesis reaction
was determined by measuring of the thickness of the
intermetallics layer using optical microscopy. Afte
fabrication, the specimens were cut and mechapicall
polished using standard metallographic techniquesg. 1. Microstructures of the intermetallic laydreated at 90 for:
Microstructural observations were performed using a a)0.5h,b)1handc)2h

electron microscope JMS 5400 and an optical micr&ys. 1. Mikrostruktury warstw faz gdzymetalicznych uzyskanych po
0,5h (a), 1 h (b)i2 h (c) wygrzewania w tempara¢ 900C
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The thickness of intermetallic layers was measured An identification of the chemical composition of
as a function of treating time at a temperatur@0ff°C. synthesised phases was performed by a scanning elec
Results of the measurements are shown in Figure 2. tron microscope equipped with a system for micrbpro

analysis. Figure 3 shows the typical microstructofe
140 - the sample held at a temperature of*@éor 0.5 hour.
The elemental analysis performed by the X-ray spect
scope was made for areas marked A, B, C, D, Eand F
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Fig. 2. The thickness of intermetallic phases laa®ra function of an-

nealing time

Rys. 2. Grub& warstwy faz mjdzymetalicznych jako funkcja czasu
wygrzewania

The thickness of the elemental copper foil affects _ .
. . . . Fig. 3. Microstructure formed after treating fob Giour
the final thickness of the resultant intermetatiger. If _ .
L . . Rys. 3. Mikrostruktura utworzona w kompozycie po @Bhutach wy-
the copper layer (initially 5Qum thick) is transformed grzewania
completely into intermetallic phases the thicknegs

intermetallic layer can be expressed as .
y P A study of above structure was based on the Ti-Cu

x = 35°° + 45 (1) binary phase diagram [10]. In principle, six intetal-
lic products would be produced during the reaction.
wherex is the thickness of the intermetallic layer and However, only five compounds were observed in the
is the treating time. The reaction-diffusion growkih sample. Using X-ray microanalysis, it was foundt tha
netics of intermetallic layers is usually descriheing the A-marked area, containing 67.7 at. % Ti an® 32.

generally accepted parabolic equation % Cu is the TiCuintermetallic compound. Adjacent to
Ti,Cu, the deeply shaded B-marked area, consists of
x=At" (2) 51.7 at. % Ti and 48.3 at. % Cu is TiCu. The dark

shaded C-marked island with composition of 20.%at.
whereA is the layer growth-rate constamtdn is the Ti and 79.1 at. % Cu is the Tiguntermetallic com-
time exponent. The value of the time exponert 0.5 pound. The lightly shaded D-marked region consistin
indicates the bulk diffusion with the liquid phasen- of 42.8 at. % Ti and 57.2 at. % Cu is perhapCil.
tribution [11]. The final structures of the lamiadt The E-marked area containing 40.1 at. % Ti and &8.9
composite with different intermetallic volume frimet % Cu is presumably J€u;. According to the phase
depend on the original metal thickness ratio. magal- compositions it is easy to determine that the dark
lic volume fractionV; is expressed as F-marked region containing 89.9 at. % Ti and 10.1 a
% Cu, adjacent to titanium, is the eutectoid migtof
V= (3) two phases: FCu and solid solution of copper in tita-
(1_W)g&+(1_wg&)m nium @Ti). A similar analysis was performed for the
Pri samples treated at temperatures of°@fbr 1, 2, 3, 4
and 5 hours. Results of the investigations forstraples
wherer is ratio of the original copper to titanium thick-treated for 1 and 5 hours are shown in Figuresiban
ness,w is titanium weight percent in the intermetallic |t is obvious that temperature and time are vital t
product,g is the density of intermetallic layess,and  the formation of different intermetallics. If theeating
P are the density of copper and titanium, respelgtivetime is longer than 1 hour the predominant parthef
[12]. formed structure is the TiCu phase. After 5 houfs o
treating the intermetallic layer is transformed edin

r

Cu
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wholly into TiCu (with very thin layers of the Zdu CONCLUSIONS
phase adjacent to eutectoid). Colinet et al. [18}eh
recently made a thermodynamic assessment of aybinar
Ti-Cu system measured the enthalpies of formation f;
various intermetallic phases and claimed that diené-
tion of the TiCu intermetallic compound is thermedy
namically favoured over the formation of other gsas
However, formation of TiCu as the almost only produ

during reaction between titanium and copper can tSl(gat TiCu is the predominant intermetallic phasteraf

understood from the steps involved in another phas@ore than 1 hour of treating. The formation of Teu
formation, which occur through a series of soligld phase is thermodynamically favoured over the forma-

and solid state reactions involving TiCas one of the tT'°nC of 1(_)_t2er phdases sgjch a;:qu"’ J'?u’ TghCu4,
starting phases. The thickness of eutectoid layel-i . 12U, T1LW and can be un erstoo_ rom .t e steps
most the same after 0.5, 1, 2. 3, 4 and 5 houfeaf involved in another phases formation, which occur

. . through a series of solid-liquid and solid statectens.
treatment time and equals approximately 4@ The structure of the composites depends on hestt tre

ment time at 90TC. After 5 hours of treating the inter-
“ metallic layer is transformed almost wholly intaCTi.

Ti-intermetallic laminated composites have been
successfully synthesised by reactive sinteringrtiegte
in vacuum using Ti and Cu foils. The laminated Gtru
ture is well bonded, almost fully dense and cardgy
designed and controlled. Microstructural charaséeri
tion by SEM and X-ray microprobe analysis indicated

Lo TiCut ) TiCu 0 ;;}‘. e
I‘;f" 3,'-?3 . n_o: % ".'tﬁ%,:
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