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Microstructure and Mechanical Properties of Laser Melting
Deposited TC11 Titanium Alloys
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Abstract The microstructural characteristics and mechanical properties of laser melting deposited TCI11 titanium
alloys are investigated by the reappearance of actual forming thermal process of large structural parts. The results
show that, the a+ (8 basket-weave microstructures in the coarse columnar grains of the as-deposited samples are
more uniform and finer than those in the equiaxed grains. The large a colonies are found in the equiaxed grains and
there are a lot of continuous « phases on the grain boundaries. Due to the interlayer surface remelting redeposition
and annealing effects, the obvious coarsening of a phases occurs in the interlayer transition zone of as-deposited
samples and the a phase proportion increases. As a result, the mechanical properties of as-deposited samples at
room temperature exhibit an obvious anisotropy. After the double annealing under the schedules of 950 °C, heat
preservation for 1 h and 550 °C, heat preservation for 2 h, the continuous a phases are nearly broken completely on
the grain boundaries of the annealed samples, and the a+ 3 basket-weave microstructures show a more uniform
distribution. The anisotropy of the mechanical properties at room temperature is eliminated completely and the
plasticity enhances considerably. The comprehensive mechanical properties are basically at the same level as those of
the forged samples.
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Table 1 Chemical compositions of TC11 titanium alloy powder (mass fraction, %)

Element Ti Al Zr Mo

Si Fe C N H O

Content Bal. 6.38 1.68 3.46

0.246 0.017 0.008 0.007 0.006 0.12
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Fig. 4 Macrostructures of TC11 titanium alloy under different deposition time. (a) 45 min; (b) 30 min
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Fig. 5 Microstructures of equiaxed and columnar grain regions under different magnifications. (a) Equiaxed grain region,

magnification of 500 times; (b) equiaxed grain region, magnification of 1250 times; (c) columnar grain region,

magnification of 500 times; (d) columnar grain region, magnification of 1250 times

TC11 kA & 27 4 19 7% /O 2L n [ 6
Fis. ATLAE S B 6Cd) BT B K (01X 8 41 418
4% s 6 Ch) BT R 19 1 8 X 3 41 218 S R, P
FIE S5 o AH B OB R A X SR 22, 3 Je: DR N 78 0O
ISR R R IRZ S B ER — 1%
JZ B P UURLS R A B . Y EOER B E
T YUR R R i, B R P ) R A E B U
B S RO UURR R E R T & & A AR IR
L E G B UURUZE R S EOE A T

Joi » SR AR TR R A ¥4 HIE T e o 95
R B DR R B P B A . O IR AR VTR R
rhRE— RN 22 D BN SR R ) 2 IR B . 0 i
[ 3o o P B VA A KL AU B AT H BB A K L 7 S

()2 K ATEAAE T Bl kBT B A o A AH
LA T A o R 3 o AH AR R 23 00 G 4
Ko HE 6Co) ] LIF B, i 8 8 3T B )
AR o A B3O T 42 i OGS AL DR TCLL KA 4 1
LEA 1M RR R T AR
3.3 hfAFEMEsESE R

TC11 K& &R T # RSB E 2.
AEE, 5 BB ot B HEESHI, TUHE
TC11 Bk A 4 1) 12 1 B 52 v o IR 98 9 R a5, S
EEEREH TN R MIEHALS T THELZRY
o/ B G L ASIZ Bl 1 B T B R 5 S M 25 R oh 3 B
Fath KA « ERMEHTEW, W, TTHEE
TC1145k & 4 B0 B 19 45 1) 52 4, J0 L2 4 i

1102005-4



100 pm R :

el

Kl 6 TCl1 k& &2 AR 22 /M4 2. () ZZ ML ; (b) (o) (D fEMLH 2

Fig. 6 Macrostructure and microstructures of layer band of TC11 titanium alloy.

(a) Macrostructure; (b)(c)(d) microstructures
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Table 2 Tensile mechanical properties of TC11 titanium alloy at room temperature

Sample

Tensile strength /MPa

Yield strength /MPa  Elongation /%

As-deposited (parallel to deposition direction)
As-deposited (perpendicular to deposition direction)
Double annealed (parallel to deposition direction)
Double annealed (perpendicular to deposition direction)
B forged-'™
a+B forged"™

1106-1260 1032-1172 6-9
1176-1268 1118-1216 3.5-5.5
1082-1107 962-1014 12-15.5
1074-1094 968-991 12-16
1083 990 12.8
1061 1018 14.8
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Fig. 7 Microstructure of double annealed TCI11 titanium alloy. (a) Magnification of 200 times;

(b) magnification of 1250 times
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