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ABSTRACT

Effect of heat treatment on microstructure and rnaeatal properties of TC21 titanium alloy was invgated. TC21 in
annealed condition with an equiaxed 8 structure was solution treated at temperature tefetransus (926C, 15 min)
and temperature abovg-transus (1026C, 15min, WQ). Aging was applied for both groupssafmples (60fC, 4h,
AC).Treated samples belgvtransus showed an equiaxedf structure. Samples treated abogdransus have been
changed to a solelg-phase with little amount of secondarphase precipitated in the form@gephase due to high cooling
rate and aging process. Maximum hardness of 432Mss reported for samples treated at 162@lue to precipitation of
secondary lamellar alpha phase and small lathesnaftensitic phaseaf\) in g-matrix. Maximum tensile strength of
1447MPa and ductility of 8% were reported for tlaenples treated at9T due to its structure that containeds andos.
Hence, treated samples at 9D showed the best mechanical properties and thet magble and repeatable

characteristics.
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INTRODUCTION

Titanium and its alloys are commonly used in macitufidng some parts of structure components andnengitors for the
aerospace industry and petroleum sector due to tiigh strength, low density, high corrosion remise and low crack
propagation [1]. The excellent balance of plastieihd fracture toughness with strength, attentias lbeen paid to this
titanium alloy; TC21 in the last decade [2-4].

Titanium alloy scan be classified into three maitegories according to microstructuep+ andp alloys. a+f
titaniumalloys have the best properties compared to othtergories. Nowadays;+p titaniumalloys are widely used in
aerospace applications, aero-engines, petroleutorsand chemical industries [1-2, 5-6].More thar®b0f the used

titanium alloys in different applications amongp titanium category is Ti-6Al-4V alloy.
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TC21 titanium alloy with a chemical composition @iAl-2Sn-2 Zr-3 Mo-1 Cr-2 Nb-Si, wt. %) is another
category ofa+g titanium alloys that are mainly used in aircraft structutélding application [2]. TC21 titanium alloy
showed better mechanical properties than Ti-6AlatYoom temperature. TC21Ti-alloy has tensile gjtierof more than
1100MPa [5] while Ti-6Al-4V has tensile strengthtime range of 895Mpa to 933Mpa [7-8]. TC21 titaniafioy with
equiaxed microstructure has lower crack growth fhia®Al-4V [4]. In addition, both ultimate and yeistrengths decrease
with increasing the content of coars@lates in the structure [9]. However, some studlaswed that the best strength of
TC21titanium alloy can be achieved with ffllphase microstructure [10]. In other studies, isi@und that excellent
strength of TC21 titanium alloy was in the range800 Mpa [11-12].

The objective of this work is to investigate thdeef of heat treatment on microstructure and meichan

properties of the annealed TC21 titanium alloy.
EXPERIMENTAL

The initial alloy in this work derived from the TC2Zitanium alloy as hot-forged bars with diametenniand length
140mm. Chemical composition of this alloy is Ti-6210-2Sn-2Nb-2Zr-1Cr-Si wt.%. The phase transusperature was
about 958C [2, 13].Original microstructure shown in Fig. dnsists of equiaxed primary phase (dark area) agdohase
(gray area). The grain size afphase was in the range of 2.5um and its volumetina was approximately 65%. The
equiaxedr phase was distributed homogeneously in the wholetsre. The XRD pattern confirmed the presence afid

B phases in the as-received TC21 alloy as showimir?Ht is noticed tha peaks are rather weak, suggesting existing of a

relatively low volume fraction o phase (35%) [14-15].

The hot-forged TC21 alloy was solution treated @&bovtransus temperature (102Q) and below(] transus
temperature (920C). The schematic of solution treatment and agiuggsses is shown in Fig. 3.Phase identificatios wa
carried out using X-ray diffraction (XRD). Hardnesas measured using Vickers hardness tester. Eadinmgs were taken
on each sample and the average was recorded. § ¢esti were performed on machined samples with dirameter and
20mm gage length. Fractographic features of soneeted tensile samples were examined using fielstam scanning

electron microscope (FESEM) to study the fractueelmanics of the investigated TC21 titanium alloy
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Figure 2: XRD Pattern of the As Received TC21 Titaium Alloy.
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Figure 3: Schematic of Solution Treatment and Ageig Processes of TC21 Titanium Alloy.

RESULTS AND DISCUSSIONS

Microstructure Investigation

Figure4 (a) shows microstructure of heat treatedpda belowp-transus (920°C, 15 min, WQ) then aged at (600t). 4
The microstructure containeg phase (primary equiaxed alpha phase, dark areap-ahdse (gray area) with a volume
fraction of 25%. At higher magnification shown ilgHE (b), secondary lamellarplates &s), which appeared as lathes,
was precipitated on th@phase (as indicated by arrows) after applying @girocess. The average grain sizef-gfrain
increased relatively compared to the as-receivedlion, where it recorded a grain size of aboumn3jin addition, the
size ofa-phase was increased gradually with also coarsesfifgrains.

B-phase _
Up-phase ; ; as-phase

- 4 //\ l‘/ R " : 7 /\-\

Figure 4: FESEM Micro Graph of Solution Treated Sanple at 920C.
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Figure 5: XRD Pattern of Solution Treated TC21 Samfe at 920C.

Figure 5 shows X-Ray diffraction pattern of theatesl sample at92Q.The patterns for the sample verified the
above mentioned phases existing in the microstradgp, as andf phases). Figure 6 shows microstructure of the gamp
treated abov@-transus temperature; ( 1020°C, 15min, WQ) therd ay€600°C, 4hr). The microstructure revealed fhat
grains contained secondary lameliaplates ) and martensitic phase"}. 4s was precipitated due to aging process and
" due to quenching from high temperature duringtgmiutreatment at 1020°C. Solution temperature attbep-transus
(1020°C) caused an increase in the average gmérosithes-grain compared to as-received and solution treat&20C
conditions. The average grain size reached 300 It1ia. obvious that the grain size of the sampleutsoh treated at
1020°C was in the range of 100 to 120 times therotionditions (solution treated sample at 920°C thedas-received

one).
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Figure 6: Optical Micro Graph of Solution Treated Sample at 1026C.

400

= 1020 °C
@
300 H
g
&
2 200
o £
g g2 oo
= o -~ ~ - o o=
= T o - - ©
100 @ 8 = s = g
) ® £y @
a
&—"- i M
O_IlllIIIY¥I]llll|IIll[]l!l]llIIIIITIIIIIYIIIIIIIIII
30 40 0 70 80

0 6
26(Deg.)

Figure 7: XRD Pattern of Solution Treated Sample at.020C.
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In addition, some secondary lamellar alpha phasenaartensitic phase") was precipitated in thg-matrix. X-
Ray diffraction pattern analysis of the sample fiestithe microstructure evolution with larg peaks, where the volume
fraction of f-phase was in the range of 79%, and s peaks. Figure 7 shows theRay diffracion pattern of the treated
sample at 102T.

Mechanical Properties

Figure 8 shows hardness of regeived, solution treated below and aby-transus samples. The higt hardness of
492HV30was reported for solution treated sample akp-transus due tprecipitation of secondary lamellar alpha ph
and small lathes of martensitic phaa®)(in f-matrix. The lowest hardness of 349HV30 was repoitedhe a-received
sample due to presence of high amount of prina-phase in the structure. Meanwhilhe sample treated at 9200C
showed hardness value of 453HV30 due to its strecthat containecw, f and as. It could be concluded that tl

precipitated phasesd& a\\) atp-phase had a big role in increasing hardness dfttited TC21titanium allo
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Figure 8: Hardness of thelnvestigated TC21 Titanium Alloy at Different Conditions.

Figure 9 shows tensile properties o-received and solution treated samples at 9200c188680C. The resul!
showed that the highest tensile strength of 1447 MRs recorded for the sample solution treated28b@ due tc
strengthening thg-matrix with fine secondary lamellza-platelets §s). However, the lowest strength of 1100 MPa
reported for the aseceived samples because of its structure thaistedsof equiaxed structure a+f. Mean while, the
samples solution treated at 10200C showeensile strength of 1391 MPa which is lower than shenples treated
9200C because of forming fine martensitic strucfa\\) in g-matrix. This fine &\\) caused embrittlement and sites
crack initiation during the tensile test, whichtimn decrezed the strength comparing to the samples treat8dGC. The
effect of microstructure on ductility of the studi@C21 titanium alloy under the three different dibions is shown it
Fig.9 (b). The aseceived and treated samples at 9200C showedvely the same ductility of about 8%. This is beca
the asreceived sample contained large amouna-phase distributed homogenously in the structured &re sampli
treated at 9200 Chave mosiystructure with some fine secondary lamea-plates &s) imbedded in thgs-matrix.
However, the sample treated at 10200C showed thesktoductility of 1.5% due to the large grainss-structure and also
existing of fine martensitic phase\\) precipitated ing-matrix. This finea\\ causes embrittlement in ttstructure and
hence decreased the ductility.
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Figure 9: Tensile Properties of TC21 Titanium Alloyat Different Conditions; (a) Tensile Strength andb)
Ductility.

(©)
Figure 10: Fractography of Tensile Samples at Thre®ifferent Conditions; (a) As Received, (b) Treate®201C
and (c) Treated at 1026C.

The fracture surfaces of the three studied TC21pkssmare shown in Fig.10. The fracture surfacehef as-
received sample revealed large areas of dimpldsirtdecated high ductility of the sample as shownFig.10 (a).The
sample treated at 9200C showed quasi-cleavageurfeastirface with large amount of dimples that ferred to theo,-
phase existing in the structure; Fig.10 (b). Howetlee sample treated at 10200C illustrated a elgavracture with very

low amount of ductile areas; Fig.10 (c), which d¢on§ the obtained practical result of 1.5% dudgtilit
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CONCLUSIONS

In this study, TC21 titanium alloy in annealed citind with an equiaxed+ £ structure was solution treated at temperature
below g-transus(928C, 15 min) and temperature abogdransus (1022, 15 min, WQ). Aging was applied for both

groups of samples (600, 4h, AC). The concluding remarks of this study ba summarized as follow:

A structure consisted @f, f andaswas obtained after solution treatment of TC21 titemalloy at 926C.While

large-grains imbedded ins and martensite” was obtained when samples treated at 4020

Maximum hardness of 492H}was obtained for the samples treated at $02Mue to existing ofis anda// in the
structure and the minimum hardness of 349%vas reported for the as-received condition duexistiag of a

large amount o#,-phase (65%) in the structure.

Optimum tensile strength (1447MPa) and ductilit§ej8nvas reported for the sample treated at’@28s a result

of existing fine grains o, # and precipitatedsin its structure.

Fracture surfaces of as-received and treated saa@20C revealed high amount of dimples resulting frem
phase existing in the structure. However, the sarmiphted at 102C€ showed cleavage fracture due to existing of

fine a//in the structure.
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