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?he tm14ormation kinetics, t m d b d o n  products, and Iv& tempaahrres and timetempemm 
kindormation diagram have been invesiigakd 'Ihese phase tmsbdions have been studied by 
means of the dilatomexric analysis, optical and electFon micnxscopy and hardnesr tesk 

IvMmitic -ormation and its decompxition when it is heat treated, has alm been studied at 
Mmt k q s t m s  This ageing p m  provides better Mes dug than the oriorigrnal marb14tic 
structure. 

INTRODUCTION 

Phase t r a & o d m  m titanium alloys have been of considerable inksst to materials scientists kcuse of the 
widevarietyofcly~o~cphases~canbeobsewedMuchm~hasbeenQneind.les&dyofthe 
allotmpic phase tmn&ormation between alpha titanium with the hexagoddose packed (hcp) structure and lxta 
titanium, which is body centered cubic (bcc) I l k  has d t e d  in the dArelopment of a mge of cornmeraal 
alloys based on the addition of either, or in some mes both, alloying additions hat & i  the alpha or beta 
phases. 

One of the most widely used titanium alloys is an alpha-ha type containing 6% A1 and 4% V The lidA1-4V 
alloy has an excellent combidon of strength and toughness along wifh an excellent cormion resistance (1-5). 

When this alloy is slowly cooled h m  the P phase region, a phase beguts to f m  below the P t m s b d o n  
tmpatmq which is about 10200 C. Upon slow mhng a nucleus of a forms and grows as plates; this 
mi- morphology, cm&s of sets of parallel a plates swounded by the P phase precipitated behen 
them 

Upon mling mpidly, P phase may dm- through &tic reaction. A dishdon can be made behmm 
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rehively dilute oc/P alloys which form hacagonal a'martensite or two orthombic nmtmites d'and d" 
dqmding on the chemical cortqxition and qumching conditions, and more concentmted allays in which the 
Pphase may be pa& or compleidy h e d  in a metastable condition The ZdAl-4V alloy comqonck to the 
hexagonal type. 'Ihe ma&mite forms as colonies of padel plates or la& whose boundaries of which consist 
of walls of d i s l d o ~ l s  (3). 

a'marktxite transorms on heating zt d d  kmpatms by several reasiim a'hmpms duedy to a 
phase of +brim ampodion at the tempering temperature and fl phase forms as a fine precipitak that is 
nucleated hehogenmusly at nmkmite plate boundaries or at internal st&m&ms such as twins (3). 

The chemical cornpasition of the XdAl-4V used is &own in Table L Its initial microstructure was of "d 
annealed" type as can be seen in Figure 1. 

'Ihree Mm series of t h d  m e n t  were canied out. 

Table L Chemical compsition (% weight) 

A) Continrnus cooling kaiments. Specimens of 3 mm in diameter and 12 mm long ulere solution 
heated at kqmafme of 11M) and 105K for 10 m i n e  and then brought to room temperahne at 
cooling velocities of 0.24, 0.70, 1.41 and 3.40 "C/s A S&md 18 A W - 2  dilatometer was used for 
this type of t h d  treatment Specimens ulere previously nickel coated in order to avoid oxidation 

B) k o t h d  treatments. Disk- qecimcms of 10 rnm in diameter and 1 mm thick ulere solution 
heated at 10500C for 30 minutes and dwn held at temperatures k w e n  600 and 95OT (with 
temperature inteds of 50°C). Lead and n d  salt  bad^ used to cover the d o l e  range of 
holding kmpaimx 

C) Martmitic treatments Disk- qxximans of 12 mm in diameter and 3 mm thick vrge solution 
heated at 105K for 30 minutes and wab cooled to room tenpatme. Annahg treatment at 
taymdum of 400,700 and 800°C were also applied to these satnj11es fbr 5,10,15,30,60 and 120 
minutes for each one. 
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6.0 

M i ~ w a s ~ e d b y o p t i c a l a n d s c a n n i n g d ~ m i ~ . ~ M i a o s h u c t ~ u l e r e  
dekmined by means of automatic image analysis Vickers hardnrs, measurements were h e  by wlyng a 
load of loo0 g chning 15 sEc0nds. 

9 
0.003 

Fe 

0.11 

0 2  

0.09 

V 

4.0 

C 

0.021 

N2 

0.010 



RESULTS AND DlSCUSION 

Zhe m t h d  &&men& have allowed to obtain h e  TIT diagram of ihk titanium alloy, shown in Fig2 The 
~ a n d ~ ~ h a v e b e e n ~ e d t o b e v e r y c l o s e t o  8009=and630"C,reqechvely.Betweenthe 
~ ~ ( 1 o o o " c ) a n d t h e ~ ~ t h e ~ ~ p h a s e t r a n s f o m i n t O ~ t h e ~ o f t h i s ~ o d o n  
is indicated by the solid line, while the dashed line c o ~ d s  to the momtnt when no more sh&m 
evollltion is m i ~ i c a l l y  deb%A BehYeen and M, takes place the &d markmitic W o d o n ,  
with i n k g  amount of a'phase being formed as holding is decFeased 

The a'* obtained in this way is not stable and with longer holding times dxmnpxm into the a and j3 
phases. Also, the h e d  P phase partially transforms into aphase. The solid line in this region of the TIT 
d i p  indicates the begbing of the a' ageing and retined metaeshble A, decompmition 

Directwaterquenchfiom 1 0 5 0 " C ~ e p l ~ t o f u u y ~ t i c ~ a s c a n b e s h o w n i n F i g 3 , w i t h a  
Vickers hardness of 330. P d o r  annealing of these martmitic spechens prombced Herent amounts of 
a'decompition dqading on and holding time. Hardnes evolution with annealing is shown in 
Fig4. At each temperature the curve of hardness versus holdmg time is sigmoidal type indicating that the 
precipitation of the a and P phases h m  do(x:m by a nucleation and growth p m e s  amtmlled by atom 
&on 

At low anneahg kmpemhm (below 60(PC) the decomposition of a'is incomplete as is shown by the snall 
value of the hardnes. Figure 4 4 w  hat at 4000C the ppredpitation of a and J3 stops after 40 minutes with a 
hardness of 350. The incomplete nabm of the precipitation at this tempmhn can also be obsaved m Fig 5, 
which shorn the mimicrostructure of a specimen annealed at 400cr: for 60 minutes At kqemims above M, 
the d e m w t i o n  of a'reaches completion, his fact is reflected in the high d o n  value showed by hardness 
(410 HV). The micmdmcture chained at hese high annealing kmpmtms is shown in Fig6, only a and P 
phases are now present 

The initial p w  of the dilatomehic &us cooling katmtnts w twofold: to determine the CCI: curve 
of alloy and to d y  the & .  of well defined cooling mtimus conditions on rniar&u&d ~~ 
such as aglate thikess. 

The CCI: w e  could not be dekmnined because the dilatomebic behaviom of titanium alloys is highly 
anomalous. In Fig 7 three ditl'erential dilatometric curves, tm heating and one cooling cycles, are shown It is 
possible to h e  how in the tm heating cycles dilatations of @te sign occur, M m r e  the t q m a h m  
where dilatation anomalies are observed This anornalom dilatom&ic behaviour of titanium has been attributed 
to different cams Causes as textme, oxigen absopt~on and &absorption (6). 

Continous cooling tmtments gave place to the well h r n  ''baskbasket weave" sbu~hrre of a plates (7-8). The effect 
of solution kmpmhm and cooling velocity on the width of the a plates is shorn in Fig 8. Plates become 
dinner as amling velocity ina- In Fig 9 the p m c e  of a allotromorphs fiwn where the WI- 
a side plates grow can be sem The reason for the bartition from gain boundary allotmmtphs to the 
W~cjnmsMm structure is not w d  rn- bul it s m s  dated to the fact that plain interfaces are formed 
by ah- and i n d d  arm At low undacoolings (low cooling velocities) the migrabon rates of both types 
of interfaces are similar, pmbably due to solute -on to the inderent intefhxs At high undercooling 
@gb cooling velocities) segregafon is hampered and incoherent interfaces can grow fsk~ giving place to the 
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platelike morphology (9). Even it can take the aspxi of &tic type type hrmed by repeated cr. plate 
nucleation, as can be seen in Fig lo. 
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Fig. 2. TlT diagram 



Fig.3. Martensitic microstructure (~150) 

Fig.4. Hardness versus annealing 
times for different temperatures 

Pi-. 5. Mi crostn~ctilre of a 
specimen annealed at 4UUsC 
for 60 min.(,2700) 

Fin. 6 .  Mi rrostn~cture of a 
specimen annealed at / O U T  
for 30 min.(x2700) 
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Fig.7. Differential dilatcmetric curves Fi .8. Width of the % plates versus cooling 
v&=bies at dlf f erent temperatures 

Fiq.9. o( allotrcmorphs in Widmanstatten Fig.10. Microstructure formed by repeated 
microstructure. (~200) O( plate nucleation. (x200 ) 


